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Introduction

Overview

Welcome to Practical C# Charts and Graphics. This book is intended for C# NET developers
who want to add professional graphics and charts to their applications. My hope is to write the
ultimate C# chart and graphics programming guide that would be useful to C# application
programmers of all skill levels.

We’ve all heard the saying “a picture’s worth a thousand words”. Creating charts and graphics
plays a very important role in every Windows application. Charts and graphics can make data
easier to understand, can make a report more interesting to read, and can have wide applications in
our daily life. For instance, in the scientific, engineering, and mathematics community, there is
always a need for presenting data and results graphically. Microsoft’s visual C# programming
language is one of the few and best development tools available for providing both the
computational capabilities of generating data as a simulation engine and displaying it in a variety
of graphical representations based on its Graphical Device Interface (GDI+).

The power of the C# programming language, combined with the simplicity of implementing
Windows Form applications in Visual Studio .NET, makes real-world Windows program
development faster and easier than ever before. Visual C# is a versatile and flexible tool which
allows users with even the most elementary programming abilities to produce sophisticated charts,
graphics, and graphical user interfaces (GUIs). The level of complexity and sophistication of the
graphics and charting applications is limited only by your needs, curiosity, and imagination.

As you may have already noticed, most bookstores offer hundreds of C# programming books. The
vast majority of these books are general-purpose user guides and tutorials that explain the basics
of the C# tool and how to use it to implement simple C# applications. Some of these books
contain a chapter or two that cover graphics and charts. None, however, provide the level of detail
that you will find in this book.

This book is written with the intent of providing you with a complete and comprehensive
explanation about the C# graphics and chart capability, and pays special attention on how to create
various charts that can be directly used in your real world C# Applications. Much of this book
contains original work based on my own programming experience while developing commercial
Computer Aided Design (CAD) packages. Without C# and .NET framework, development of
advanced graphics and charts is a difficult and time-consuming task. To add even simple charts or

Xi
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graphs to your applications, you have to waste effort creating a chart program, or buy commercial
graphics and chart add-on packages.

Using third-party graphics and chart add-on products in your applications has several drawbacks,
however:

* Itisn’t cost effective — it might cost hundreds or thousands of dollars for a sophisticated
graphics and chart package.

e Compatibility is an issue — these third-party graphics and chart add-on tools are usually
provided as DLL or COM components, which often leads to unexpected interface exceptions
and unstable operations.

*  There is little flexibility — from users’ point of view, these packages seem to be black boxes
because the source code was not provided usually, making hard for users to add or modify
any functionality to them. You may often find that these third-party products lack the special
features that you want to use in your applications, even though these products usually provide
mamy other functionalities that you will never use.

*  The coding is inefficient — these third-party add-on tools are often very large packages that
contain far more functionalities than you need in your applications. Even for a simple
program, the final release tends to be huge due to the use of third party add-ons. This is very
inefficient for both coding management and distribution.

* License royalty is another issue — some third-party add-ons require not only the developing
license, but also the distributed license royalty, resulting in an unnecessary increase of the
development cost.

*  Finally, maintenance is a problem — in most cases, third-party tools use different
programming language than the one you use in developing your applications, so you have to
maintain the codes in an unmanaged manner.

Visual C# and its powerful GDI+ class make it possible to easily implement your own
professional graphics and chart package entirely using managed C# codes. However, Visual C#
provides no tools for creating three-dimensional (3D) graphics objects. Even a 3D point, the
simplest 3D graphics object, must be defined first in a suitable 3D coordinate system before it can
be used as a 3D graphics object.

Practical C# Charts and Graphics provides everything you need to create advanced charts and
graphics in your .NET applications. In this book I will show you how to create a variety of
graphics and charts that range from simple two-dimensional (2D) X-Y plots to complicated three-
dimensional (3D) surface graphs using managed C# code. I try my best to introduce readers to the
C# graphics program in a simple way — simple enough to be easily followed by C# beginners who
have never had experience in developing C# graphics and chart applications. You can learn from
this book how to create a full range of color graphics applications and how to use C# controls to
create impressive graphic and chart effects without having to buy expensive third-party add-on
products.

Practical C# Charts and Graphics is not just a book, but a powerful 2D and 3D chart and graphics
package. You may find that some of the examples in this book can be immediately used in your
real-world problems, and that some may give you inspiration to add advanced graphical and
sophisticated chart capabilities to your applications.
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What This Book Includes

This book and and its sample code listings, which are available for download from our website at
www.publishing.unicadinc.com, provide you with:

e A complete, in-depth instruction to practical chart and graphics programming in visual C#
and GDI+. After reading this book and running the example programs, you will be able to
create various sophisticated charts and graphics in your C# applications.

*  Ready-to-run example programs that allow you to explore the chart and graphics techniques
described in the book. You can use these examples to get a better understanding of how the
chart and graphics algorithms work. You can also modify the code or add new features to
them to form the basis of your own programs. Some of the example code listings provided
with this book are already sophisticated chart and graphics packages, and can be directly used
in your own real-world applications.

*  Many C# classes in the sample code listings that you will find useful in your chart and
graphics programming. These classes contain matrix manipulation, coordinate transformation,
color maps, 2D and 3D chart user controls, as well as the other useful utility classes. You can
extract these classes and plug them into your applications.

* A chapter that contains a detailed discussion on how to integrate Microsoft Excel chart
functionality into C# applications. This chapter is designed specifically for readers who prefer
not to create C# chart programs from scratch, and would like to take advantage of Microsoft
Excel’s wide selection of chart types.

Is This Book for You?

You don’t have to be an experienced C# developer or expert to use this book. I designed this book
to be useful to people of all levels of C# programming experience. In fact, I believe if you have
some experience with programming languages other than C#, you will be able to sit down in front
of your computer, start up Microsoft Visual Studio .NET and C#, follow the examples that are
provided with this book, and quickly become familiar with C# graphics programming. For those
of you who are already experienced C# developers, I believe this book has a lot to offer you as
well. There is much information in this book about graphics and chart programming that is not
available in any other C# tutorial and reference book. In addition, most of the example programs
provided with this book can be directly used in your real-world application development. This
book will provide you with a level of detail, explanation, instruction, and sample program code
that will enable you to do just about anything that is graphics and charts related using visual C#.

Perhaps you are a scientist, engineer, mathematician, student, or teacher instead of a professional
programmer, this book is still a good bet for you. In fact, my own background is in theoretical
physics, a field involving extensive numerical calculations, as well as graphical and charting
representations of calculated data. I had dedicated my effort to this field for many years, starting
from undergraduate up to Ph.D. My first computer experience was with FORTRAN. Later on, I
had programming experience with Basic, C, C++, and MATLAB. I still remember how hard it
was in the early days to present computational results graphically. I often spent hours creating a
publication-quality chart by hand, using a ruler, graph paper, and rub-off lettering. A year later,
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our group bought a graphics and chart package. However, I still needed to prepare my data in a
proper format in order to process the data with this package. During that time, I started paying
attention to various development tools that could be used to create integrated applications. I tried
to find an ideal development tool that would allow me not only to easily generate data
(computation capability) but also to easily represent data graphically (graphics and chart power).
The C# and Microsoft Visual Studio .NET development environment made it possible to develop
such integrated applications. Ever since Microsoft .NET 1.0 came out, I have been in love with the
C# language, and have been able to use this tool to successfully create powerful graphics and chart
applications, including commercial CAD packages.

The majority of the example programs in this book can be routinely used by C# developers and
technical professionals. Throughout this book, I will emphasize the usefulness of C# chart and
graphics programming to real-world applications. If you follow this book closely, you will be able
to easily develop various practical graphics and chart applications from simple 2D x-y plots to
sophisticated 4D slice graphs. At the same time, I will not spend too much time discussing
program style, execution speed, and code optimization, because there is a plethora of books out
there already dealing with those topics. Most of the example programs in this book omit error
handlings. This makes the code easier to understand by focusing on the key concepts.

What Do You Need to Use This Book?

To make the best use of this book and understand the algorithm, you will need no special
equipment. To run and modify the sample programs, you need a computer that is capable of
running Windows 2000 or Windows XP operating system. The software installed on your
computer should include Visual Studio .NET (or Visual C# .NET) standard edition or higher. If
you want to run the samples included in Chapter 9, you also need Microsoft Excel installed on
your computer.

All of the example programs in this book were created and tested in the professional version of
Visual Studio .NET 2005 and Microsoft Excel 2002 (which is part of Microsoft Office XP) under
Windows XP. They should run something with little or no modification in other operating systems
and with other versions of Visual Studio .NET and Excel.

How This Book Is Organized

This book is organized into nine chapters, each of which focuses on a different topic about
creating C# graphics and chart solutions. The following summaries of each chapter will give you
an overview of this book’s contents:

Chapter 1, C# Graphics Basics

This chapter reviews some of the fundamental aspects of C# graphics programming. If you are an
experienced C# programmer, some of this material may already be familiar to you. It includes
discussions of various coordinate systems; basic graphics shapes in the GDI+ class, the color
system, and advanced custom color maps used in C# applications.

Chapter 2, 2D Matrices and Transformations
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This chapter covers mathematical basics for 2D graphics programming. 2D matrices and
transformations in homogeneous space are discussed, including translation, scaling, reflection, and
rotation. These 2D matrices and transformations allow a C# application to perform a wide variety
of graphical operations on graphics objects in a simple and consistent manner.

Chapter 3, 2D Line Charts

This chapter contains instructions on how to create elementary 2D X-Y line charts. It introduces
basic chart elements including chart area, plot area, axes, title, labels, ticks, symbols, legend, etc.
These basic chart elements are common in the other types of charts, as well.

Chapter 4, Specialized 2D Charts

This chapter covers the specialized charts that are often found in commercial chart packages and
spreadsheet applications. These specialized charts include bar charts, stair-step charts, stem charts,
charts with error bars, pie charts, area charts, polar charts, as well as stock charts.

Chapter 5, 3D Matrices and Transformations

This chapter extends the concepts described in Chapter 2 into the third dimension. It explains how
to define 3D graphics objects, and how to translate, scale, reflect, and rotate these 3D objects. It
also describes the transformation matrices that represent projections and transformations that
allow you to view 3D graphics objects on a 2D screen. Unlike 2D, there is no 3D matrix class
defined in C# and GDI+. This chapter includes instructions on how to create these 3D
transformation matrices with C#.

Chapter 6, 3D Charts

This extensive chapter begins with a description of the coordinate system that is used in 3D charts
and graphics, and shows you how to create the 3D coordinate axes, tick marks, axis labels, and
grid lines. It then explains techniques on how to create a wide variety of 3D charts that include 3D
line charts, 3D mesh and surface charts, contour charts, 3D bar charts, 4D slice charts, and 3D
combination charts. In creating these charts, a few specialized techniques, including Z-order, are
used to manipulate the data displayed on your 2D computer screen.

Chapter 7, Charts and User Controls

This chapter shows you how to put 2D and 3D chart applications into a custom user control, and
how to use such a control in your C# applications. It begins by explaining the basics of the custom
user controls in a C# Windows application, including how to provide the design-time support to
the controls. Then, it describes the detailed procedure for creating the custom user controls for 2D
and 3D chart applications, and demonstrates how to use these controls in real-world C#
applications.

Chapter 8, DataGridView and Chart User Controls

This chapter consists of a discussion on the basics of the Dat aG i dVi ew and the possibility of
combining it with the chart controls to create spreadsheet-like chart applications. It shows how to
implement spreadsheet-like interface in which the data is displayed in the Dat aGri dVi ew
control; the displayed data in the Dat aGr i dVi ew is plotted in the chart user controls; and the
direct interaction is allowed between the Dat aGr i dVi ewand the Chart controls.

Chapter 9, Excel Charts in C# Applications
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This chapter explains how a Microsoft Excel chart can be embedded into a C# application. It
shows how to implement charts and graphics in C# projects by taking advantage of the Excel’s
chart and graphics features.

What Is Left Out

This book provides an in-depth description of C# chart and graphics programming for real-world
NET applications. The background material about the C# graphics was selected for inclusion in
the book specifically according to the need for creating C# chart applications. It does not cover
image processing, such as the technique for manipulating bitmapped images and image animation.
Advanced ray traced images that display reflective, shadowed, transparent, and textured objects
are beyond the scope of this book and are not addressed.

Conventions

This book uses a number of different styles of text and layout to help differentiate between
different kinds of information. These conventions include

Italic: used for names of directories and files, options, emphasis, and names of examples.

Const ant wi dt h: used for code listings and code items such as commands, options, variables,
attributes, functions, types, classes, namespaces, methods, properties, parameters, values, objects,
event handlers, contents of files, and the output from commands.

Using Code Examples

You may use the code in this book in your applications and documentation. You do not need to
contact me or the publisher for permission unless you are reproducing a significant portion of the
code. For example, writing a program that uses several chunks of code from this book does not
require permission. Selling or distributing the example code listings does require permission.
Incorporating a significant amount of example code from this book into your applications and
documentation does require permission. Integrating the example code from this book into your
commercial products is not allowed without the written permission from the author and publisher.

Customer Support

I am always interested in hearing from readers, and want to know what you think about this book.
You can send me your comments by e-mail to jxu.authors@unicadpublish.com . I also provide
updates, bug fixes, and ongoing support through the publisher’s web site:

http://authors.unicadpublish.com/~jack_xu/

You can obtain the source code for all of the examples in this book from this web site.



C# Graphics Basics

Visual C# provides all of the tools you need to create any type of graphics and charts. It supplies a
GDI+ class library interface that allows users to draw various graphics objects, including text,
lines, rectangles, circles, ellipses, polygons, and a host of other graphical shapes. This chapter
begins by describing graphics coordinate systems used in Visual C#, and shows you several
different coordinate systems you can use to make graphics programming easier. Then it will
discuss two basic drawing objects, Pen and Brush, that are used to draw basic graphics shapes and
fill enclosed surface with patterns, colors, or bitmaps. It will show you how to use Pen and
Br ush to create basic graphics shapes. Finally, it will explain the color system used in C# and
discuss how to define the custom color map and shading.

Coordinate Systems

When creating a graphic object, you must determine where the graphic object or drawing will be
displayed. To do that, you need to understand how Visual C# measures graphic object coordinates.
Each point on a Window Form or a control has an X and a Y coordinate. In the following sections,
we will discuss various coordinate systems and their relationships.

Default Coordinates

Visual C# and GDI+ graphics library have three default coordinate systems in 2D space: world,
page, and device. World coordinates are the coordinates used to model a particular graphic world
and are the coordinates you pass to methods in C#. Page coordinates refer to the coordinate system
used by a drawing surface, such as a form or control. Device coordinates are the coordinates used
by the physical device being drawn on, such as a screen or sheet of paper. When you ask C# to
draw a line from point (X1, Y1) to point (X2, YyZ2), this points are in the world coordinate
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system. The unit used to measure the distance in the world coordinate system can be defined
according to your applications.

It should be noted that you can not directly draw the graphics object in world coordinate system
on you computer screen. Before drawing a graphics object on the screen, the coordinates must go
through a sequence of transformations. One transformation, called the world transformation,
converts world coordinates to page coordinates, and another transformation, called the page
transformation, converts page coordinates to device coordinates.

By default, the origin of all three coordinate systems is at point (0, 0), which is located at the
upper left corner of the drawing area. The X coordinate represents the distance from the left edge
of the drawing area to the point, and the Y coordinate represents the distance from the top edge of
the drawing area to the point. Figure 1-1 shows how the X and Y coordinates of a point relate to
the drawing area.

Dirawing area \

(0,0) ‘
Y

B

(A, Y]

Figure 1-1 Default C# coordinate system.

The default unit for all three of these coordinate systems is pixels. The coordinate system can be
customized by shifting the origin to another location in the client area, and by setting a different
unit of measure.

Let’s look at an example to see how this can be achieved. Start with Microsoft Visual Studio .NET
2005 and select File | New | Project to create a new Windows Application under C# projects.
Name the project Examplel 1. Now a Windows Form called For ml is created within the Visual
Studio .NET Integrated Development Environment (IDE). We want For ml to have a redraw
function, which can be achieved by overriding For mL’s OnPai nt method. We will first draw a
line from Poi nt (0, 0) to Poi nt (1, 1), with units of inches. The following is the For mlL. cs
code listing that will accomlish this:
usi ng System

usi ng System Drawi ng;
usi ng Syst em W ndows. For ns;
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nanespace Exanplel_1

{
public partial class Fornl : Form
{
public Formi()
{
InitializeConponent();
this. Set Styl e(Control Styl es. Resi zeRedraw, true);
thi s. BackGCol or = Col or. Wi te;
}
protected override voi d OnPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
/1 Fol l owing codes draw a line from (0, 0) to (1, 1) inunit of inch:
g. Pagelhit = G aphi csnit. | nch;
Pen bl ackPen = new Pen(Col or. Bl ack, 1 / g.Dpi X);
g. DrawLi ne(bl ackPen, 0, 0, 1, 1);
}
}
}

. Form E@@

Figure 1-2 Draw a line from (0, 0) to (1, 1).

The resulting graphics is shown in Figure 1-2. From the code listing of the For il class, it can be
seen that the PageUni t property was set to G- aphi csUni t. | nch, specifying that the unit of
measure is an inch. Then a Pen object was created and its width set to 1 / g. Dpi x. The Dpi X
property of the Gr aphi cs class indicates a value, in dots per inch, for the horizontal resolution
supported by this G aphi cs object. This is necessary because the current PageUni t settings
will affect the way a pen draws so that a pen of unit width will draw a one pixel, one millimeter,
one point, one inch, or one 1300th of an inch thick line, depending on the way the G aphi cs
object is set up. So, if the pen width is not set like this, a one inck thick line would be drawn.
Next, we drew a line with one unit measure, which in this case is one inch long. Also note that we
have set Contr ol Styl es. Resi zeRedr awto t r ue inside For nil constructor, making sure
everything in the For ml gets redrawn when the form is resized.
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Ensuring that the Pen draws a line with a specific thickness is not always straightforward. One
trick that you can use is to set the line width to any negative value that works for single pixel lines.
However, to get lines with a specific thickness (say 5 pixels), the only reliable method is to scale
the pen by Dpi X.

Let’s now move the origin to the centre of the client area and draw the line again. This can be
done by changing the OnPai nt method of Examplel I to the following:

protected override voi d OnPai nt (Pai nt Event Args e)

{
Q aphi cs g = e. G aphi cs;
// Follow ng codes shift the origin to the center of the client area, and
/1l then drawa line from(0,0) to (1,1):
g. Pagelnit = G aphi csWnit. I nch;
g. Transl ateTransforn{(QdientRectangl e. Wdth / g.Dpi X) / 2,
(dientRectangle.Height / g.DpiY) / 2);
Pen greenPen = new Pen(Color.Geen, 1/ g.Dpi X);
g. DrawLi ne(greenPen, 0, 0, 1, 1);
}

Form1 E@@

Figure 1-3 Draw a line from point (0, 0) to point (1, 1) with origin at the
center of the client area.

This produces results of Figure 1-3. Here, after setting the unit to inches using the PageUni t
property, the Tr ansl at eTr ansf or mmethod was called to shift the origin to the centre of the
client area. Because this method maps the world coordinates to page coordinates, the
transformation is called a world transformation. The X and Y values in the world coordinate
system passed to the Tr ansl at eTr ansf or m method get added to every X and Y value we
pass to the Graphics methods. The units of world coordinates are the same as that of the page
coordinates, but the origin of both the page and device coordinate systems is still at the upper-left
corner of the drawing area. The line coordinates in these two coordinate systems depends on the
size of the Cl i ent Rect angl e size (in this case, the For ml’s client area). In this example, the
size of the Cl i ent Rect angl e is (292, 266). The end points of the line in three coordinate
systems are as follows:
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World (0,0)to (1, 1) Unit: inch
Device (146, 133) to (242, 229) Unit: pixel
Page (1.52,1.39) to (2.52, 2.25) Unit: inch

You can see the difference between page and device coordinate systems. Device coordinates
determine what you actually see on your screen and usually in unit of pixels. The PageUni t
property of the Graphi cs class is a type of G aphi csUnit enumeration. You can easily
specify a page-unit setting of inches, millimeters, or points, but this setting applies to everything,
including Pen and Br ush objects. This means that if you don’t pay attention to the scaling, the
graphics you created might end up looking weird.

To draw a shape or fill an area specified in a real-world measuring system with a Pen or Br ush
of the desired appearance is simply a matter of scaling the Pen or Br ush to the reciprocal of the
page settings. For inches, this is simple enough and can be accomplished with the Dpi X and
Dpi Y properties, namely 1/ g. Dpi X for the X direction and 1/ g. Dpi Y for the Y direction. In
this way, you can draw a line with a pixel width of one unit. To draw a line with arbitrary width,
such as 5 pixels, you just specify a Pen with a width of 5/ g. Dpi X

However, things become complicated for other measuring units such as millimeters or points. In
this case, you must know the relationship between the unit of measure you are using and inches,
because the Graphi cs class only provides Dpi X and Dpi Y properties to convent inches to
pixels. For example, there are 25.40 millimeters in an inch and 72 points in an inch. Other more
abstract units such as Di spl ay and Docunent can be catered to easily as well. The following
method can be used to calculate the reciprocal ratios for all standard PageUni t settings given a
specific Graphics object g:

public Pen UnitScaling(Q aphics g)
{
switch (g. Pagelhit)
{
case @ aphicslhit. Pixel:
return new Pen(Col or. Bl ack, 1f);
case @ aphicsbnit. I nch:
return new Pen(Col or. Bl ack, 1f/g. Dpi X);
case Gaphicshit.MIlimeter:
return new Pen(Col or. Bl ack, 25.4f / g.Dpi X);
case @ aphicslhit. Point:
return new Pen(72f / g.Dpi X);
case @ aphicsbnit. D spl ay:
return new Pen(75f / g.Dpi X);
case @ aphi cslhnit. Docurnent:
return new Pen(300f / g.Dpi X);

}

You can use the above code to specify a Pen with a width of one pixel in any page unit.
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Custom Coordinates

In addition to the standard coordinate systems discussed in the previous section, an application can
define its own coordinate system. In this book, we will use a custom coordinate system for 2D
chart and graphics applications. This coordinate system is independent of the unit of your real-
world graphics objects, and its Y-axis points from bottom to top as it does in most chart
applications. In this system, the page coordinate system is identical to the device system, and the
unit for both systems is in pixels. This customized coordinate system is illustrated in Figure 1-4.

Client Area \‘ s Drawing Area
/ (xMax, yhax)
L
Y oA
.. : L
(ehdin, yhding A

Figure 1-4 Custom coordinate system to be used in this book.

Inside the Client Area, a drawing area is defined with an offset margin. The conventional X-Y
coordinate system can be defined within the drawing area. Here we will demonstrate how to
achieve this with C#.

Create a new Visual C# Windows Application project, and name it Examplel-2. The following is
the code listing of For L. cs:

usi ng System
usi ng System Drawi ng;
usi ng System W ndows. For ns;

nanmespace Exanpl el_2

{

public partial class Fornl : Form
{
/1 Define the drawi ng area
private Rectangl e P ot Area;
/1 Unit defined in world coordinate system
private float xMn Of ;
private float xMax = 10f;
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of ;
10f;

private float yMn
private float yMax

/1 Define the offset in pixel:
private int offset = 30;

public Formi()
{
InitializeConponent();

this. SetStyl e(Control Styl es. Resi zeRedraw, true);
thi s. BackGCol or = Col or. Wi te;

}
protected override voi d Pai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
/1 Calculate the location and size of the draw ng area
[/ within which we want to draw the graphics:
Rectangl e rect = dientRectangl e;
M ot Area = new Rectangl e(rect. Location, rect.S ze);
M otArea.Inflate(-of fset, -offset);
//Draw A ientRectangl e and Pl ot Area using Pen:
g. DrawRect angl e(Pens. Red, rect);
g. DrawRect angl e(Pens. Bl ack, P ot Area);
// Drawa line frompoint (3,2) to Point (6, 7)
// using a Pen with a width of 3 pixels:
Pen aPen = new Pen(Col or. G- een, 3);
g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(3, 2)), Poi nt 2D( new Poi nt F( 6,
aPen. D spose();
g. Di spose();
}
private Point F Poi nt 2D( Poi nt F ptf)
{
Poi nt F aPoi nt = new Poi nt F();
aPoint.X = PlotArea. X + (ptf.X - xMn) *
Pl ot Area. Wdth / (xMax - xMn);
aPoint.Y = PlotArea. Bottom- (ptf.Y - yMn) *
Pl ot Area. Height / (yMax - yMn);
return aPoint;
}

}

In this example, we begin by creating member fields to hold the minimum and maximum values
of the custom coordinate axes, as well as a Pl ot Ar ea member that represents the size of the
drawing area. Please note that by changing the values of XM n, xMax, yM n, and yMax, you can
define any size of the drawing area you like depending on the requirement of your applications.
Make sure that the units of XM n, xMax, yM n, and y Max must be in the real world units defined
in the world coordinate system.

Next, we initially define the Pl ot Ar ea to be the same size as the client area of For niL. Since we
don’t want the graphics to take up the whole area of For nmil, we use the | nf | at e method to

7))
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shrink the drawing area with an offset margin. Here we simply use an arbitrary offset, however, in
later applications we will use a more efficient way to derive this offset when adding labels for X
and Y axes. Then we draw the outlines of both the client and drawing rectangles using
Dr awRect angl e method.

You may notice that there is an issue on how to draw graphics objects inside the drawing area,
which should be independent of the units of the world coordinate system. Here we use the
Poi nt 2D method to convert the points in the world coordinate system to the device coordinate
system. After this conversion, the unit for all graphics objects is in pixels, including Pen and
Br ush. We simply pass the points of any unit in the world coordinate system to the method
Poi nt 2D, which performs the unit conversion automatically and always returns the points with
a unit of pixels in the device coordinate system. In this process, we never touch the page
coordinate system. If you change any thing in the page coordinate system, such as the
PageScal e or PageUni t property, you will get unexpected results. For this reason, you should
not change anything in page coordinate system when using these customized coordinates.

Formi

Figure 1-5 Draw a line from point (3, 2) to point (6, 7) in the custom
coordinate system.

Let’s examine what we did inside the Poi nt 2D method. First, we convert the X-component of a
point in the world coordinate system using the following formula:

aPoint.X = PlotArea. X + (ptf.X - xMn) * Plot Area. Wdth / (xMax - xMn);

An offset, Pl ot Ar ea. X with a unit of pixels, is added to the X-component of the aPoi nt,
which is necessary in order to place the origin’s X-component of our custom coordinates in the
right position in the device coordinate system. Then we perform the scaling operation. Both
(ptf.X — xM n) and (xMax — XM n) have the same unit in the world coordinate system,
which is cancelled out by division. So the unit of this scaling term is determined solely by the term
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of Pl ot Ar ea. W dt h, whose unit is in pixels. You can easily check that the above conversion
indeed provides not only the correct unit, but also the correct position in the device coordinate
system.

For the Y-component conversion, the situation is a bit different. You need to not only perform the
scaling operation, but also reverse the Y axes in the device coordinate system. The following
formula is used for the Y-component conversion:

aPoint.Y = PlotArea. Bottom- (ptf.Y - yMn) * PlotArea. Height / (yMax - yMn);

As shown in Figure 1-5, we draw a line from Point (3, 2) to Point (6, 7) in the drawing area. The
end points of this line are in the unit (which can be any unit!) defined in the world coordinate
system. These points are not directly used in drawing the line, but the points converted through
Poi nt 2D method are used instead. This line was drawn using a green Pen with a width of three
pixels:

Pen aPen = new Pen(Col or. G een, 3);
g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(3, 2)), Point2D(new Point (6, 7)));

It is apparent that the unit of the pen’s width is always in pixels, and that there is no need to
perform any transformation of the Pen and Br ush regardless of the unit used in world coordinate
system.

Window and Viewport

A graphics object can be considered to be defined in its own coordinate system, which is some
abstract place with boundaries. For example, suppose that you want to create a simple X-Y chart
that plots Y-values from 50 to 100 over an X-data range from 0 to 10. You can work in a
coordinate system space with 0<= X <=10 and 50<=Y<=100. This space is called the world
coordinate system.

In practice, you usually are not interested in the entire graphics, but only a portion of it. Thus, you
can define the portion of interest as a specific area in the world coordinate system. This area of
interest is called the “Window”. In order to draw graphics objects on the screen, you need to map
this “Window” to the device coordinate system. This mapped “Window” in the device coordinate
system is called a Viewport.

In the previous section, we defined the limits for the X and Y axes in the custom coordinate
system. For example:

private float xMn = Of;
private float xMax = 10f;
private float yMn = Of;
private float yMax = 10f;

This defines a portion of interest in our custom coordinate system, and this area of interest is
called “Window”. Once you know what you want to display, you need to decide where on the
computer screen to display it. In Examplel 2, we defined the Pl ot Ar ea in the device coordinate
system to create a screen area to display the graphics object. This Pl ot Ar ea is called the
ViewPort.
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You can use this Viewport to change the apparent size and location of the graphics objects on the
screen. Changing the viewport affects the display of the graphics objects on the screen. These
effects are called “Zooming” and “Panning”.

Zooming

The size and position of the “Window” determine which part of the graphics object is drawn. The
relative size of the Window and viewport determine the scale at which the graphics object is
displayed on the screen. For a given viewport or Pl ot Ar ea, a relatively large Window produces
a small graphics object, because you are drawing a large piece of the custom coordinate space into
a small viewport (Pl ot Ar ea). On the other hand, a relatively small Window produces a large
graphics object. Therefore, you can increase the size of the Window (specified by the X and Y
axis limits) to see the “zooming out” effect by changing the parameters: XM n, xMax, yM n, and
yMax in Examplel 2, discussed in the previous section:

private float xMn = -10f;
private float xMax = 20f;
private float yMn = Of;

private float yMax = 20f;

Executing the application generates the output results shown in Figure 1-6.

Form1

Figure 1-6 Both the size and location of the line are changed by
increasing the size of the Window: “Zoom Out”.

On the other hand, if you decrease the Window size, the line appears larger on the screen;
basically, you have a “zoom in” effect. Change the parameters in Examplel 2 to the following:

private float xMn = 2f;
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private float xMax = 7f;
private float yMn = 2f;
private float yMax = 8f;

You will get the following results by running the program, as shown in Figure 1-7.

Formi

Figure 1-7 Both the size and location of the lines are changed by
decreasing the size of the Window: “Zoom in”.

Panning

Panning is defined as the moving of all graphics objects in the scene by shifting the Window. In a
panning process, the Window size is kept unchanged. For example, you can move the Window to
the left by changing the code in Examplel 2.

/1 Moving original windowleft 3 units:
private float xMn -3f

private float xMax = 7;
private float yMn = Of;
private float yhMax = 10f;

This produces the result shown in Figure 1-8 which is equivalent to moving the line toward the
right side of the drawing area. On the other hand, if we move the Window to the right by use of
the following code:

/1 Moving original Wndow right in 3 units:

private float xMn = 3f ;
private float xMax = 13;
private float yMn = Of;
private float yMax = 10f;

The results are shown in Figure 1-9.
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Form1

Figure 1-8 Move Window toward left.

Farmi

Figure 1-9 Move Window to the right.

Be careful about the “zooming in” effect when using the code in Examplel 2. An issue occurs
when you zoom in too far. For example, if you want to zoom in with the code:

private float xMn = 4f;
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private float xMax = 6;
private float yMn = 3f;
private float yMax = 6f;

An unexpected result is obtained, as shown in Figure 1-10. Namely, the line is drawn outside of
the drawing area.

Formi

Figure 1-10 The line drawn outside of the drawing area by further
zooming in.

In order to avoid this problem, you can use a user control to replace the current drawing area. Here
we will use a Panel control to achieve this goal. Let’s start off by creating a new C# Windows
Application project and calling it Examplel 3. Select a Panel control from the Tool box, drag
it over the empty For ml, and rename the panel control to dr awi ngPanel . The following is the
code listing of For mL. cs:

usi ng System
usi ng System Dr aw ng;
usi ng Syst em W ndows. For ns;

nanespace Exanpl el 3
public partial class Fornl : Form

{

/1 Unit defined in world coordinate system

private float xMn = Of;
private float xMax = 10f;
private float yMn = Of;
private float yMax = 10f;
[l Wnit in pixel:

private int offset = 30;
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public Forni()
{
InitializeConponent ();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
t hi s. BackCol or = Col or. Wi te;
/1 Subscribing to a paint eventhandl er to draw ngPanel :
dr awi ngPanel . Pai nt += new Pai nt Event Handl er (dr awi ngPanel Pai nt) ;
dr awi ngPanel . Border Styl e = Border Styl e. Fi xedSi ngl e;
dr awi ngPanel . Anchor = Anchor Styl es. Bott om
dr awi ngPanel . Anchor = Anchor Styl es. Left;
dr awi ngPanel . Anchor Anchor Styl es. R ght ;
dr awi ngPanel . Anchor = Anchor Styl es. Top;

}

private voi d draw ngPanel Pai nt (obj ect sender, PaintEventArgs e)

{
draw ngPanel . Left = of f set;

dr awi ngPanel . Top = of fset;
dr awi ngPanel . Wdth = QientRectangle. Wdth - 2 * offset;
dr awi ngPanel . Hei ght = dientRectangle. Height - 2 * offset;
Q aphi cs g = e. G aphi cs;
Pen aPen = new Pen(Col or. G een, 3);
g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(2, 3)),
Poi nt 2D(new Poi nt F(6, 7)));
aPen. D spose();
g. D spose();
}

private Point F Poi nt 2D( Poi nt F ptf)

{
Poi nt F aPoi nt = new Poi nt F();
aPoint. X = (ptf.X - xMn) * draw ngPanel . Wdth / (xMax - xMn);
aPoint.Y = draw ngPanel . Hei ght - (ptf.Y - yMn) *
drawi ngPanel . Hei ght / (yMax - yMn);
return aPoint;

}

It should be noted that in order to be able to draw something inside the Pai nt event handler of
the panel control, you need to tell Windows that it should notify you every time the Pai nt event
is called. You can do this by subscribing to the event, or in case you inherit from a control, by
overriding the pai nt event. The paint event is subscribed using the following syntax inside
For ml’s constructor:

dr awi ngPanel . Pai nt += new Pai nt Event Handl er (dr awi ngPanel Pai nt) ;

This way, a method dr awi ngPanel Pai nt with the same name specified in the subscription is
implemented. Another point we want to make here is that the Poi nt scaling method, Poi nt 2D,
is slightly different from that in Examplel 2. The reason is that the origin of the Panel control is
always located at the upper-left corner of this control. If we run the program, the same results as
shown in Figure 1-5 should be obtained, as expected. Now if you change parameters in the above
code listing as follows:
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private float xMn = 4f;
private float xMax = 6;
private float yMn = 3f;
private float yMax = 6f;

You will get the results of Figure 1-11.

Formi g@@

Figure 1-11 The line is always drawn inside of the drawingPanel even
when zooming in further.

You can clearly see the difference between Figure 1-10 and Figure 1-11. In this book, both
viewports will be used depending on the application being discussed. For simple 2D line chart
applications, we will employ the viewport defined using Pl ot Ar ea because this viewport is
easily implemented and allows us to create both chart styles (such tick labels, axis labels, and title)
and data curves. On the other hand, for complicated 2D and 3D graphics drawing applications, we
will use the viewport based on the dr awi ngPanel .

Pen and Brush

G aphi cs objects provide an interface between the application program and the display device
(the computer screen). After creating a G- aphi ¢S object, you can use it to draw lines and fill
shapes. However, even though the G aphi cs class provides the platform to draw on, you still
need a tool to draw with. Two basic tools you will often use are the Pen and Br ush. The GDI+
library provides the Pen and Br ush through the Pen and Br ush classes respectively. You use
the Pen class to draw lines, curves, and outlines of shapes. You use the Br ush class to fill shapes
with colors and patterns. If you’ve read the previous section, you’ve already seen the Pen class
used to demonstrate the coordinate systems.
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Pen Class

You use the Pen class to create custom pens with specified color and width properties. The line
drawn by a Pen object can be filled in a variety of fill styles, including solid colors and textures.
The fill style depends on the brush or texture that is used as the fill object.

There are four different types of constructors for the Pen class: two constructors allow you to
specify a Br ush object instead of color, and two constructors give you the option of specifying
the pen’s width. These four constructors are as follows:

Creates a new instance of the Pen class with the specified Col or :
public Pen(color);

Creates a new instance of the Pen class with the specified Br ush:
publi c Pen(brush);

Creates a new instance of the Pen class with the specified Br ush and width:
public Pen(brush, float);

Creates a new instance of the Pen class with the specified Col or and width:
public Pen(color, float);

In these constructors, col or represents a Col or object, f | oat is a value of Fl oat type for the
width, and br ush is a Br ush object. You’ll see examples of these constructors as we progress
through this book. The Pen class has a number of properties, offering you a large amount of
control over how your Pen object draws graphics elements. The most commonly used properties
include:

e Alignment — Gets or sets the alignment for the Pen object.

*  Brush — Gets or sets the Br ush object that determines the attributes of the Pen object.
*  Color — Gets or sets the color of the Pen object.

»  DashStyle — Gets or sets the style used for dashed lines drawn with the Pen object.

*  Width — Gets or sets the width of the Pen object.

Brush Class

The brushes are used to fill shapes with colors, patterns, and images. The Br ush class is an
abstract base class and cannot be instantiated. In order to create a Br ush object, you must use its
derived classes, which include:

*  SolidBrush — This class defines a brush made of a single color.
*  TextureBrush — This class defines a brush that uses an image to fill the interior of a shape.

e HatchBrush — This class defines a rectangle brush with a hatch style, a foreground color, and
a background color.

* LinearGradientBrush — This class encapsulates both two-color gradients and custom multi-
color gradients.
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»  PathGradientBrush — This class encapsulates a Br ush object that fills the interior of a
G aphi csPat h object with a gradient.

The following code snippet creates various brush objects:

/] Oeate a SolidBrush with red col or:
Sol i dBrush sb = new Sol i dBrush(Col or. Red);

/I Create a TextureBrush with an image file (nylmage.gif):
Bitmap bnp = new Bi t nap(“nyl mage. gi f”);
Text ureBrush tb = new Text ureBrush(bnp);

/] Create a HatchBrush with a Gross pattern:
Hat chBrush hb = new Hat chBr ush(Hat chStyl e. O oss,
Col or. Bl ack, Col or.Wite);

/] Create a Linear@adientBrush with a Gadient described by two points:
Li near @ adi ent Brush | gb = new Li near @ adi ent Brush(New Poi nt (10, 10),
new Poi nt (100, 30), Color.Red, Col or. Bl ack);

/1 Oreate a PathQ@ adi ent Brush for a G aphics path:

Pat h@ adi ent Brush pgb = new Pat hG adi ent Br ush( gr aphi csPat h) ;
pgb. Cent er Col or = Col or. Red;

pgb. SurroundCol ors = new Col or[] {Col or. Bl ack};

The above code creates various brushes that are ready to fill graphics shapes. For the
Pat hGr adi ent Br ush, we pass a G aphi csPat h object to the constructor. Then we set the
pgb. Cent er Col or property with a red color. Pay special attention to next statement:

pgb. SurroundCol ors = new Col or[] {Col or. Bl ack};

Here we pass an array of colors for the Sur r oundCol or s property. In this case, we create an
array with only one color, so this brush paints black at the edge of the graphics path, transitioning
to red at the center.

Basic Graphics Shapes

The Windows Forms in C# are the largest unit in a typical user interface of an application. You
can draw graphics shapes directly on a Form. The Form can also contain other controls. As shown
in Examplel 1 and Examplel 2, the line was drawn directly on For nmil. As with the Form, you
can also draw graphics objects directly onto controls, as shown in Examplel 3 where the graphics
objects are drawn on a panel control. If you want to move a drawing to another part of the Form,
you can simply move the panel to a new position. In contrast, to move a graphics drawing that you
have created directly on a Form, you need to modify the drawing source code.

Next, we will discuss some basic graphics shapes in the C# and GDI+ graphics library.
Understanding these basic objects is very important, as they are used often throughout this book.

Points

In C# and GDI+, there are two point structures: Poi nt and Poi nt F. The Poi nt structure
represents an ordered pair of integer X- and Y- coordinates that define a point in a 2D plane. The
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Poi nt constructor includes three overloaded methods that allow you to create a Poi nt object
from an integer, a size object, or two integers as follows:

* Point() — Creates a Poi nt object and initializes the X- and Y-data members to zeros. This is
the default constructor.

*  Point(Size) — Creates a Poi nt object using a Si ze object to initialize the X- and Y-data
members.

*  Point(int, int) — Creates a Poi nt object using two integers to initialize the X- and Y-data
members.

The following code snippet creates Poi nt objects using all three types of the constructors:

Point ptl = new Point();
Point pt2 = new Poi nt (new Si ze(10, 100));
Point pt3 = new Poi nt (20, 200);

The Poi nt F structure is similar to the Poi nt structure, but uses floating-point values instead of
integers. Unlike the Poi nt structure, Poi nt F cannot take a Si ze or Si zeF object. Poi nt F
has only two constructors Poi nt F() and Poi nt F(fl oat, float).

Both the Poi nt and Poi nt F defines three properties: | SEnpty, X, and Y. The | SEnpty
property returns true if a point is empty, which means that both X and Y values are zero; otherwise
it returns false. The constructors, Poi nt () and Poi nt F() create an empty field with X and Y
values set to zero.

Lines and Curves

Li ne objects include straight lines and curves. A straight line can be created using the
Dr awLi ne method, which connects two points specified by coordinate pairs. The following code
snippet creates a straight line:

Q aphi cs g = new G aphi cs();

g. DrawLi ne(Pens. Bl ack, x1, yl, x2, y2);

g. DrawLi ne(Pens. Bl ack, pointl, point2);

where (X1, y1) is the starting point of the line and (x2, Yy2) is the endpoint of the line. It is
also possible to directly specify the start- and end-points using poi nt 1 and poi nt 2. The
coordinates or the points can be integers or float values.

The Dr awCur ve method creates a Spl i ne that passes through each point in a point array, and
connects all points in a smooth way:

Q aphi cs g = new G aphi cs();
g. DrawQur ve(Pens. Bl ack, new Point[]);

In these cases, only solid lines and curves are drawn. However, lines and curves can have many
different styles. For example, you can draw a dash-line with a diamond starting cap and an arrow
ending cap, as illustrated in Figure 1-12. This shows that a line can have three parts: the line body,
starting cap, and ending cap.
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Starting cap Line dash style Ending cap
Figure 1-12 A line with starting cap, ending cap, and dash style.

There is no direct way to apply line caps and styles to a line. These caps and styles need to be
specified by the Pen class. As discussed in the previous sections, to draw a line you have to use a
Pen object with a specified color and width. The Pen object also provides members for
associating line caps and dash styles. By specifying these members, you can use the pen to draw
different styles of lines.

We will use an example to show you how to draw lines and curves with different styles. Create a
new C# Windows Application. We call it Examplel 4. The following code listing of For nil of
this project creates a Pen object with a specified color and width. It then set the line caps using
the St art Cap and EndCap properties of the Pen class, followed by the DashStyl e and
dashO f set properties. Finally it calls the Dr awli ne and Dr awCur ve methods to draw lines
and curves.

usi ng System

usi ng System Dr awi ng;

usi ng System Draw ng. Draw ng2b,
usi ng System W ndows. For ns;

namespace Exanpl el 4

{

public partial class Fornl : Form
publ i c Formil()
{

I'nitializeConponent();
Thi s. BackGCol or = Col or. Wi te;

}

protected override voi d nPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
// Oreate a pen object:
Pen aPen = new Pen(Col or. Bl ue, 4);
/!l Set line caps and dash style:
aPen. Start Cap = Li neCap. D anmondAnchor ;
aPen. EndCap = Li neCap. Arr owAnchor ;
aPen. DashStyl e = DashStyl e. DashDot ;
aPen. DashO f set = 50;
//draw straight line:
g. DrawLi ne(aPen, 50, 30, 200, 30);
/1 define point array to draw a curve:
Poi nt poi nt 1 = new Poi nt (50, 200);
Poi nt poi nt2 = new Poi nt (100, 75);
Poi nt poi nt 3 = new Poi nt (150, 60);
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Poi nt poi nt 4 = new Poi nt (200, 160);

Poi nt poi nt5 = new Poi nt (250, 250);

Point[] Points ={ pointl, point2, point3, point4, point5};
g. DrawQurve(aPen, Points);

aPen. D spose();

g. D spose();

}

Building and running the project will obtain the results shown in Figure 1-13.
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Figure 1-13 Line and curve with dash styles and caps.

Rectangles, Ellipses, and Arcs

The Rectangl e and Rect angl eF structures represent a rectangle in C# and GDI+. A
Rect angl e structure stores the top-left corner as well as the width and height of a rectangle
region. You can create a Rect angl e object from the Poi nt and Si ze objects or by using four
integers or float values as the coordinates of the rectangle.

The Rect angl e and Rect angl eF structures also provide properties which can be used to
obtain the width, height, and position of the rectangle.

An ellipse is a circular shape defined by its bounding rectangle. The Dr awEl | i pe method will
draw an empty ellipse within the bounding rectangle.

While Dr awl | i pse method draws a closed curve around the whole boundary of the ellipse, the
Dr awAr ¢ method draws part of the ellipse. Which part is drawn is specified by a St art Angl e
and a SweepAngl e.
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The method Dr awPi e is also closely related to the ellipse. You specify an ellipse by supplying
the enclosing rectangle. In addition, you specify a St ar t Angl e and a SweepAngl e to define
where the pie starts, and how large of a section of the ellipse it spans.

You can easily create these basic graphics shapes in Visual C#. Take a look at this new example
project, Examplel 5. Rectangles, ellipses, arcs, and pies can be created using the following code:

usi ng System
usi ng System Drawi ng;
usi ng System W ndows. For ns;

namespace Exanpl el 5
public partial class Fornl : Form
publ i c Formi()
{

I'nitializeConponent();
SetStyle(Control Styl es. Resi zeRedraw, true);

protected override voi d nPai nt (Pai nt Event Args e)

{
Q aphi cs g = e. G aphi cs;
I/l Oreate a pen object:
Pen aPen = new Pen(Col or. Bl ue, 2);
I/l Create a brush object with a transparent red col or:
Sol i dBrush aBrush = new Sol i dBrush( Col or. Red) ;
// Draw a rectangl e:
g. DrawRect angl e(aPen, 20, 20, 100, 50);
/l Draw a filled rectangl e:
g. Fi | | Rectangl e(aBrush, 20, 90, 100, 50);
/1 Draw el lipse:
g. DrawH | i pse(aPen, new Rectangl e(20, 160, 100, 50));
/1 Draw filled ellipse:
g.Fi Il BIipse(aBrush, new Rectangl e(170, 20, 100, 50));
/1l Draw arc:
g. DrawAr c(aPen, new Rectangl e(170, 90, 100, 50),
-90, 180);
g.Fill Pie(aBrush, new Rectangl e(170, 160, 100, 100),
-90, 90);
g. Fi Il P e(Brushes. G een,
new Rectangl e(170, 160, 100, 100), -90, -90);
}

}
This project produces the results of Figure 1-14.
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Formi

Figure 1-14 Basic graphics shapes created from project Example1_5.

Polygons

The polygon is one of the most important graphics objects we deal with when we render 2D and
3D graphics or process computational geometry. The Gr aphi ¢s. Dr awPol ygon method draws
a polygon defined by an array of point structures. Every pair of two consecutive points in the array
specifies a side of the polygon. In addition, if the last point and the first point of the array do not
coincide, it specifies the last side of the polygon.

The G aphi cs. Fi | | Pol ygon method fills the interior of a polygon defined by an array of
points specified by point structures.

In the following example, we will create a US flag object that contains fifty star polygons. First
we need to define the coordinates of a star. As illustrated in Figure 1-15, we will assume that the
center coordinates of the star are at (xc, yc), rl is the radius of the inner circle, and r is the radius
of the outer circle. The angles o = 72 degrees and B = 36 degrees. From this figure, we can easily
determine the coordinates of points 0 to 9:

Points x coordinates y coordinates

0 XC yc—r

1 xc +rl sinf yc —rl cosP
2 xc + r sina yC — 1 cosal
3 xc +rl sina yc +rl cosa
4 Xc + r sinf} yc + r cosP
5 XC yc+rl

6 xc —r sinf} yc + r cosP
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7 xc —rl sina yc +rl cosa
8 XC — I sino yC — I COSQl
9 xc —r1 sinf yc—r1l cosP

0
| 1\
g . 2

NN

-
7 3
&
5
6 4

¥

Y

Figure 1-15 Coordinates of a star.

»

Now, start off with a new C# Windows Application project named Examplel 6. The following is
the code listing of the For il class:

usi ng System

usi ng System Drawi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System W ndows. For ns;

nanespace Exanpl el_6

{

public partial class Fornl : Form

{
public Formi()
{

InitializeConponent ();
SetStyle(Control Styl es. Resi zeRedraw, true);
this. Wdth = 500;
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this. Height = 310;
t hi s. BackCol or = Col or. Li ght G een;

}
protected override voi d nPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
g. Snoot hi ngMbde = Snoot hi nghbde. Anti Al i as;
DrawFl ag(g, 20, 20, this.Wdth - 50);
g. D spose();
}
private void DrawFl ag( G aphics g, float x0, float yO, float w dth)
{

Sol i dBrush whi t eBrush = new Sol i dBrush( Col or. Wi te);
Sol i dBrush bl ueBrush = new Sol i dBrush(Col or. FromArgb(0, 0, 128));
Sol i dBrush redBrush = new Sol i dBrush( ol or. Red);

float height = 10 * width / 19;

/1 Draw white rectangl e background:
g. Fi I | Rect angl e(whi t eBrush, x0, y0, wi dth, height);

/1 Draw seven red stripes.
for (int i =0; i <7; i++)

g. Fi I I Rect angl e(redBrush, x0,
yOo + 2 * i * height / 13, width, height / 13);
}

/1 Draw bl ue box.
/l Size it sothat it covers two fifths of the flag width
/1 and the top four red stripes vertically.
Rect angl eF bl ueBox = new Rect angl eF(x0, y0,
2* width/ 5, 7 * height / 13);
g. Fi | | Rect angl e( bl ueBrush, bl ueBox);

/1 Drawfifty stars in the bl ue box.

// Dvide the blue box into a grid of 11 x 9 squares and
/1 place a star in every other square.

float offset = blueBox. Wdth / 40;

float dx = (blueBox. Wdth - 2 * offset) / 11;

float dy = (blueBox.Height - 2 * offset) / 9;

for (int j =0; j <9; j++)

float yc = y0O + offset +j * dy + dy / 2;
for (int i =0; i <11; i++)

float xc = xO + offset +i * dx + dx / 2
if ((i +j) %2 ==0)
{

DrawStar(g, this.Wdth/55, xc, yc);
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}
}
whi t eBrush. D spose();

bl ueBr ush. Di spose();
redBr ush. O spose();

}

private void Drawstar(Qaphics g, float r, float xc, float yc)

{
/1 r: deternines the size of the star.
/1l xc, yc: deternine the location of the star.
float sin36 = (float)Math. S n(36.0 * Math. Pl / 180.0);
float sin72 = (float)Math. S n(72.0 * Math. Pl / 180.0);
float cos36 = (float)Math. Cos(36.0 * Math. Pl / 180.0);
float cos72 = (float)Math. Cos(72.0 * Math.Pl / 180.0);
float r1 =r * cos72 / cos36;
/1 Fill the star:
Point F[] pts = new Poi nt F[ 10] ;
pts[0] = new PointF(xc, yc - r);
pts[1] = new PointF(xc + rl1 * sin36, yc - rl1 * cos36);
pts[2] = new PointF(xc +r * sin72, yc - r * cos72);
pts[3] = new PointF(xc + rl1 * sin72, yc + rl * cos72);
pts[4] = new PointF(xc +r * sin36, yc +r * cos36);
pts[5] = new Poi nt F(xc, yc + rl);
pts[6] = new PointF(xc - r * sin36, yc +r * cos36);
pts[7] = new PointF(xc - rl * sin72, yc + rl * cos72);
pts[8] = new PointF(xc - r * sin72, yc - r * cos72);
pts[9] = new PointF(xc - rl * sin36, yc - rl1 * cos36);
g. Fi I | Pol ygon(Brushes. Wi te, pts);

}

}

This project produces the output of Figure 1-16. Here the method Dr awSt ar draws a single star
polygon at the center position (xc, yc) with a size control parameter r (the radius of the outer
circle, as shown in Figure 1-15). The coordinates of the point array are defined as in Figure 1-15.
We use a white brush to draw the star with a g. Fi | | Pol ygon method.

Inside the Dr awFl ag method, we first draw seven red stripes on a white rectangle background.
Note that the aspect ratio of the flag is maintained by setting

float height = 10 * width / 19;

Then we can draw the blue rectangle with the proper size. Finally we put fifty stars on the blue
rectangle uniformly by calling the Dr awSt ar method to finish the project.

Something that you might notice is that we set the Smoot hi ngMbde of the graphics object to
Anti Al i as inside the OnPai nt method. This enhances the rendering quality of the flag
greatly. If you don’t use Anti Al i as, you will get a flag with a lower-quality rendering and
jagged edges.
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Form1 g@@

Figure 1-16 US flag created from project Example1_6.

Color

In C# and GDI+, color is specified as Col or structures from the System Draw ng
namespace. It is easy to create a color object using these color structures. There are several
different ways of creating color in C#, including:

An ARGB (alpha, red, green, blue) color value. You specify each value as an integer in the
range [0, 255].

An environment setting from the current color scheme. You choose the correspondingly
named property from the system Color class.

A predefined .NET color name. You choose the correspondingly named property from the
Color class.

An HTML color name. You specify this value as a string using the ColorTranslator class.

A Win32 color code. You specify this value as an integer (representing a hexadecimal value)
using the ColorTranslator class.

An OLE color code. You specify this value as an integer (representing a hexadecimal value)
using the ColorTranslator class.

A ColorDialog. You pick a color from the color palette.
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System Colors

In C#, a color is represented by a 32-bit structure made up of four components: alpha (A), red (R),
green (G), and blue (B), referred to as ARGB mode. The components’ values range from 0 to 255.
The alpha component of the color represents transparency, which determines how such a color is
blended with the background. A zero alpha value represents a fully transparent color, while a
value of 255 represents a fully opaque color.

The following code snippet shows several ways of specifying the background color of a Form
using the Col or, Col or Tr ansl at or, and Syst enmCol or s types. In order to use this code as
written, you must import the Syst em Dr awi ng namespace.

/] Oeate a color froman AR® val ue
int al pha = 100;

int red = 255;
int green = 0;
int blue = 0;

t hi s. BackCol or = Col or. FromAR®(al pha, red, green, bl ue);

I/l Create a color froman environnent setting:
t hi s. BackCol or = Systentol ors. H ghl i ght Text ;

/1 Greate a Color using a . NET nane
t hi s. BackCol or = Col or. Li ght G ay;

/1 Oreate a color froman HTM. code:
thi s. BackCol or = Col or Transl at or . FromHTM_(“ Red”) ;

// Oeate a color froma Wn32 col or code:
t hi s. BackCol or = Col or Transl at or . Fr oMWW n32( 0xA000) ;

// Oeate a color froman CLE col or code:
t hi s. BackGol or = ol or Transl at or . Fr onQ e( 0xFF0O0) ;

I/l Create a color froma ColorD al og():
Col orD al og cdl = new Col orD al og();
cdl . ShowD al og();

t hi s. BackCol or = cdl . Col or;

The next code snippet will show you how to transform the KnownCol or s enumeration into an
array of strings that represent color names. This is useful when you need to display a list of valid
colors by name in your applications.

String[] col orName = Enum Get Nanes(t ypeCt (KnownCol or)) ;

You can also use a few useful methods on any Col or structure to retrieve color information. For
example, you can use a Get Bri ght ness, Get Hue, Get Sat ur at i on, or TOAr gb method to
obtain corresponding color information.

Let’s take a look at a new C# Windows Application example, Examplel 7 which puts all of these
techniques to work. This example creates a form which gives you two ways to select a color: by
clicking the “Color Dialog” button to bring up the Color Palette, or by selecting a color from a list
box loaded with all of the known colors. When you select an item from this list box or a color
from the Col or Di al 0g, the background color of the panel 1 is changed accordingly.
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Here is the code listing of Examplel 7:

usi ng System
usi ng System Dr awi ng;
usi ng System W ndows. For ns;

nanespace Exanpl el_7

{

public partial class Fornl : Form

{
Col orD al og cdl = new Col orD al og();
public Formi()
{

InitializeConponent();
}

private void Forml_Load(object sender, EventArgs e)

string[] col orNanes = Enum Get Nanes(t ypeof (KnownCol or));
|'i st Box1. | t ens. AddRange( col or Nanes) ;

}

private void |istBox1l_Sel ect edl ndexChanged( obj ect sender,
Event Args e)

{

KnownCol or sel ect edCol or =
( KnownGCol or ) Enum Par se(t ypeof (KnownCol or), |i stBox1. Text);
panel 1. BackGol or = ol or. Fr onKnownCol or ( sel ect edCol or) ;
Col orInfo();
}

private void buttonl Qick(object sender, EventArgs e)

{
cdl . ShowD al og();
panel 1. BackCol or = cdl . Col or;
Golorlnfo();

}

private void Col orl nfo()

{

/1 Show col or information on the |abels:
/!l Brightness info:

I bl Bri ght ness. Text = "Brightness =" +
panel 1. BackCol or. Get Bri ght ness(). ToString();
| bl Hie. Text = "Hue = " +
panel 1. BackCol or. Get Hue() . ToString();
// HE |Info:
I bl Saturation. Text = "Saturation =" +

panel 1. BackCol or. Get Sat urati on(). ToString();
/1 REB Hex info:
string strR@BHex = string. Fornat ("0x{0: X8}",
panel 1. BackCol or. ToArgb());
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strRBHex = "RAB = #" + strR@BHex. Substri ng(
strR@BHex. Length - 6, 6);

| bl R@BHex. Text = str R@BHex;

/1 ARGB val ue info:

string strR&®BValue = "AREB = ["

+
panel 1. BackCol or. A ToString() + ", " +
panel 1. BackCol or. R ToString() + ", " +
panel 1. BackCol or. G ToString() + ", " +
)+

panel 1. BackCol or. B. ToSt ri ng(
| bl RGBVal ue. Text = strR@BVal ue;

Form1 E@@
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Figure 1-17 Color changes and color information.

Figure 1-17 shows the output from this example. It can be seen from this figure that when you
select a color, the background color of panel 1 is changed. At the same time, the information
about the color is displayed on the screen, including the color’s brightness, HUE value, saturation,
and RGB hex number.

The KnownCol or enumeration contains 174 colors, and each represented by name. For example,
the names of Bl ack and Whi t € names the colors of black and white, respectively. You can also
find the system colors such as Cont r ol , Cont r ol Text, Hi ghl i ght, or Acti veCapti on,
using the | sSyst enCol or enumeration.
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Custom Color Map

In C#, there is a default Col or Map class, defined in the System Dr awi ng. | nagi ng
namespace. This class defines a mapping between existing colors and the new colors to which
they are to be converted. When the map is applied, any pixel of the old color is converted to the
new color. This class is useful for image processing applications.

However, in some graphics and chart applications, you may need the custom color maps to
achieve specific visual effects. These color maps are simply tables or lists of colors that are
organized in some desired fashion. The surface, patch, and image objects can be associated with a
custom color map. You can easily create a color map with an m X 4 color map matrix. Each row
of this matrix represents ARGB values. The row index can represent the y data of a 2D chart or
the height (the z data) of a 3D surface plot. For a given color map matrix with mrows, the color
data values can be linearly scaled to the color map.

For example, if you want to use the color map to represent the y coordinates of a 2D graphics
object, you can use the YM n and YMax to linearly transform the y data values to indices where
each index identifies an ARGB row (i.e., a color) in the color map matrix. The mathematical
transformation of the color index values is described by the formula:

[ y <Y min
m) Y min £ y <Y max

Color Index = 4 (int) (
y 2 Y max

Y max—Y min
m

Here y is the individual value of Y data and mis the length of the color map matrix. This allows
you to use the entire range of colors in the color map over the plotted data. For 3D graphics
objects and 3D surface charts, the y data should be replaced with the z data.

Let’s use an example to illustrate how to create custom color map matrices and how to use these
matrices. Start off with a new C# Windows Application project, Example! 8. Add a new class
called Col or Map to the project. In this class, we create eight color map matrices, each one with a
special name. These color map matrices are commonly used in graphics and chart applications.
Here is the code listing of the Col or Map class:

usi ng System
usi ng System Drawi ng;
usi ng System Drawi ng. Drawi ng2Db;

namespace Exanpl el 8

{
public class Col or Vap

{

private int col ornapLength = 64;
private int al phaVal ue = 255;

publ i c Col or Map()

{
}

public ol or Map(i nt col or Lengt h)
{
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}

col or mapLengt h = col or Lengt h;

public CGol or Map(int col orLength, int al pha)

{

}

col or mapLengt h = col or Lengt h;
al phaval ue = al pha;

public int[,] Spring()

{

}

int[,] cnap = new int[col ormapLength, 4];
float[] spring = new fl oat[ col or mapLengt h] ;

for (int i =0; i < colornmapLength; i++)
{
spring[i] = 1.0f * i / (colornmapLength - 1);
cnap[i, 0] = al phaVval ue;
cmap[i, 1] = 255;
cmap[i, 2] = (int)(255 * spring[i]);
cmap[i, 3] =255 - cmap[i, 1];

}

return cnap;

public int[,] Sumer()
{

}

int[,] cnap = new int[col ormapLength, 4];

float[] summer = new fl oat [ col or mapLengt h] ;

for (int i =0; i < colormapLength; i++)

{
sumer[i] = 1.0f * i / (colornapLength - 1);
cnap[i, 0] = al phaVval ue;
cmap[i, 1] = (int)(255 * sumer[i]);
cmap[i, 2] = (int)(255 * 0.5f * (1 + sumer[i]));
cmap[i, 3] = (int)(255 * 0.4f);

}

return cnap;

public int[,] Autumm()

{

int[,] cmap = new int[col ormapLength, 4];
float[] autumn = new fl oat[ col or mapLengt h] ;
for (int i =0; i < colormapLength; i++)
{
autum[i] = 1.0f * i / (colornmapLength - 1);
cmap[i, 0] = al phaval ue;

cmap[i, 1] = 255;
cmap[i, 2] = (int)(255 * autum[i]);
cmap[i, 3] = 0;

}

return cnap;
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public int[,] Wnter()

}

int[,] cnap = new int[col ormapLength, 4];
float[] winter = new float[ col or mapLengt h] ;

for (int i =0; i < colormapLength; i++)
{
winter[i] = 1.0f * i / (colormapLength - 1);
cmap[i, 0] = al phaval ue;
cmapli, 1] =0;
cmap[i, 2] = (int)(255 * winter[i]);

cmap[i, 3] = (int)(255 * (1.0f - O0.5f * winter[i]));
}

return crap;

public int[,] Gay()

{

}

int[,] crap = new int[col ormapLength, 4];
float[] gray = new fl oat[ col or napLengt h];
for (int i =0; i < colormapLength; i++)
{
gray[i] = 1.0f * i / (colormapLength - 1);
cmap[i, 0] = al phaval ue;
cmap[i, 1] = (int)(255 * gray[i]);
cmap[i, 2] = (int)(255 * gray[i]);
cmap[i, 3] = (int)(255 * gray[i]);
}

return cnap;

public int[,] Jet()
{

int[,] cnap = new int[col ormapLength, 4];
float[,] cMatrix = new float[col ormapLength, 3];
int n = (int)Mth. Ceiling(col ormapLength / 4.0f);
int nMd = 0O;

float[] fArray = newfloat[3 * n - 1];

int[] red = newint[fArray.Length];

int[] green = newint[fArray.Length];

int[] blue = newint[fArray.Length];

if (colormapLength %4 == 1)

nhod = 1;
}
for (int i =0; i <fArray.Length; i++)
{
if (i <n)
fArray[i] = (float)(i + 1) / n;
elseif (i >=>né&i <2* n- 1)
fArray[i] = 1.0f;
elseif (i >>2* n- 1)

fAray[i] (float)(3* n-1-1i) [/ n;
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green[i] = (int)Math.Ceiling(n/ 2.0f) - nMod + i;
red[i] = green[i] + n;
blue[i] = green[i] - n;

}
int nb =0;
for (int i =0; i < blue.Length; i++)
{
if (blue[i] > 0)
nb++;
}
for (int i =0; i < colornapLength; i++)
{
for (int j =0; j <red. Length; j++)
{
if (i ==red[j] & red[j] < col or mapLengt h)
{
chatrix[i, 0] =fAray[i - red0]];
}
}
for (int j =0; j < green.Length; j++)
{
if (i == green[j] & green[j] < col ormapLengt h)
chatrix[i, 1] = fAray[i - (int)green[0]];
for (int j =0; j < blue.Length; j++)
{
if (i == Dblue[j] &k blue[j] >= 0)
chatrix[i, 2] = fAray[fArray.Length - 1 - nb +i];
}
}
for (int i =0; i < colormapLength; i++)
{
cnap[i, 0] = al phaVval ue;
for (int j =0; j <3; j+¥)
cmap[i, j+1] = (int)(cMatrix[i, j] * 255);
}

return cnap;

}
public int[,] Hot()
{

int[,] cnap = new int[col ormapLength, 4];
int n=3* colormapLength / 8;

float[] red = new fl oat [ col or napLengt h] ;
float[] green = new float[ col ormapLengt h] ;
float[] blue = new fl oat[col or mapLengt h] ;
for (int i =0; i < colornapLength; i++)

if (i <n)
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red[i] = L.Of*(i+1) / n;
el se

red[i] = 1.0f;
if (i <n

green[i] = Of;

elseif (i >>n&ki <2*n)
green[i] = 1.0f * (i+1l - n) / n;

el se
green[i] = 1f;
if (i <2*n)
blue[i] = Of;
el se

blue[i] =1.0f * (i +1- 2* n) / (colormapLength - 2 * n);
cmap[i, O] = al phaVal ue;
cmap[i, 1] = (int)(255 * red[i]);
cmap[i, 2] = (int)(255 * green[i]);
cmap[i, 3] = (int)(255 * blue[i]);

}
return crap;
}
public int[,] Cool ()
{
int[,] cnap = new int[col ormapLength, 4];
float[] cool = new fl oat[ col or napLength];
for (int i =0; i < colormapLength; i++)
{
cool [i] =1.0f * i / (colormapLength - 1);
cmap[i, 0] = al phaval ue;
cmap[i, 1] = (int)(255 * cool[i]);
cmap[i, 2] = (int)(255 * (1 - cool[i]));
cmap[i, 3] = 255;
}
return crap;
}

}

In this class, there are three constructors. If you use
Col or Map cm = new Col or Map() ;

to create a new Col or Map object, the default parameters col or mapLength = 64 and
al phaVal ue = 255 will be used. Here col or mapLengt h is the length of the color map
matrix and the al phaVal ue is the color transparency parameter. The default al phaVal ue of
255 represents an opaque color. The following constructor

Col or Map cm = new Col or Map( 32) ;

overrides the col or mapLengt h with the input parameter 32, and the al phaVal ue remains
the default value of 255. You can override both parameters by calling the Col or Map class with
the following code snippet:

Qd or Map cm = new Col or Map(32, 100);
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This sets col ormapLength = 32 and al phaVal ue = 100. The class Forml draws
various color bars using the Col or Map class. The following is the code listing of the For ni

class:

usi ng System
usi ng System Dr aw ng;
usi ng Syst em W ndows. For ns;

namespace Exanpl el 8

public partial class Fornl : Form

{

public Formi()

{

}

InitializeConponent();

SetStyle(Control Styl es. Resi zeRedraw, true);
Thi s. BackCol or = Col or. Wi te;

this. Wdth = 340;

this. Hei ght = 340;

protected override voi d Pai nt (Pai nt Event Args e)

{

Q@ aphi cs g = e. G aphi cs;

int width = 30;

int height = 128;

int y = 10;

/1 Create opaque color nmaps with al pha = 255:

Col or Map cm = new Col or Map() ;

Font aFont = new Font("Arial", 20, FontStyle.Bold);

g. Drawstri ng(" CPAQLE OOLCR', aFont, Brushes. Bl ack, 10, 60);
DrawCol orBar (g, 10, y, width, height, cm "Spring");

DrawCol orBar (g, 10 + 40, y, width, height, cm "Summer");
DrawCol orBar(g, 10 + 2 * 40, y, width, height, cm "Autum");
DrawCol orBar(g, 10 + 3 * 40, y, width, height, cm "Wnter");
DrawCol orBar(g, 10 + 4 * 40, y, width, height, cm "Jet");
DrawColorBar(g, 10 + 5 * 40, y, width, height, cm "Gay");
DrawCol orBar(g, 10 + 6 * 40, y, width, height, cm "Hot");
DrawCol orBar(g, 10 + 7 * 40, y, width, height, cm "GCool");

y =y + 150;

/1 Oreate transparent color maps wth al pha = 150:

Col or Map cnml = new Col or Map(64, 150);

g. Drawst ri ng(" TRANSPARENT COLCR', aFont, Brushes. Bl ack, 10, 210);
DrawCol orBar (g, 10, y, width, height, cml, "Spring");

DrawCol orBar(g, 10 + 40, y, width, height, cnl, "Sunmer");

DrawCol orBar(g, 10 + 2 * 40, y, width, height, cnl, "Autum");
DrawCol orBar(g, 10 + 3 * 40, y, width, height, cnl, "Wnter");
DrawCol orBar(g, 10 + 4 * 40, y, width, height, cnl, "Jet");
DrawColorBar(g, 10 + 5 * 40, y, width, height, cnl, "Gay");
DrawCol orBar(g, 10 + 6 * 40, y, width, height, cnl, "Hot");
DrawCol orBar(g, 10 + 7 * 40, y, width, height, cnl, "Gool");



36 Practical C# Charts and Graphics

private void DranCol orBar (G aphics g, int x, int vy,
int wdth, int height, ColorMap map, string str)

{
int[,] cnap = new int[64, 4];
switch(str)
case "Jet":
cmap = map. Jet () ;
br eak;
case "Hot":
cmap = map. Hot () ;
br eak;
case "Gay":
cnap = map. Gay();
br eak;
case "Cool ":
cmap = map. CGool ();
br eak;
case " Sumrer":
cnap = nap. Sumer () ;
br eak;
case "Autum":
cmap = map. Autum();
br eak;
case "Spring":
cmap = nap. Spring();
br eak;
case "Wnter":
cmap = map. Wnter();
br eak;
}
int ymin = 0;
int ynax = 32;
int dy = height / (ymax - ynin);
int m= 64
for (int i =0; i <32; i++)
{
int colorlndex = (int)((i - ymn) *
m/ (ymax - ymn));
Sol i dBrush aBrush = new Sol i dBrush( Gol or . Fr omAr gb(
cnap[ col or I ndex, 0], cnap[col orlndex, 1],
cnap[ col orl ndex, 2], cnap[col orlndex, 3]));
g.F Il Rectangl e(aBrush, x, y +i * dy, width, dy);
}
}

}

Inside the Dr awCol or Bar method, we draw a color bar by dividing it into 32 sub-rectangles.
We then assign the y data from 0 to 31. The switch statement selects a specified color map matrix.
The following code snippet

int colorindex = (int)((i - ymn) * m/ (ymax - ynin));
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computes the index of the color map matrix using the Y data. Then we create a Sol i dBr ush
object using this color map matrix.

Inside the OnPai nt method, we create two Col or Map objects, cmand cml. cmuses the default
parameters: col or mapLength = 64 and al phaVal ue = 255; i.e. the opaque color. The
parameters of cml are reassigned to col or mapLength = 64 and al phaVal ue = 150,
indicating that the color becomes transparent.

This project produces the output displayed Figure 1-18, which shows eight different color maps
defined in the Col or Map class.

% Form1

Figure 1-18 Color map from Example1_8.

Color Shading

In the previous subsection, we drew color bars by associating the y data with the indices of the
color map matrix. In some graphics applications, you may want to directly map the color of a
surface object according to a given set of color data. Consider a situation involving the color map
matrix with the name “Jet” , as defined in the previous project Examplel 8, with the default color
map length = 64. Suppose we have a 3-by-3 color data matrix

3 0 4
Color Data=|-2 3 1
-1 2 -3
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In this case, the maximum and minimum of the color data are 4 and -3 respectively. We can easily
determine the color map index numbers using the formula given in the previous subsection to be

54 27 63
Color Index=| 9 54 36
18 45 0

Up to this point, we have not been supplying the x- and y- coordinate data. We believe that the
color data values along the row (x data) and column (y data) specify 9 vertices where each
neighboring set of four elements is connected by means of a quadrilateral. As shown in Figure
1-19, in terms of the elements within the color data matrix, there are four quadrilaterals. You
might wonder why we need nine indices in the color map when there are only four quadrilaterals.
With surface objects, each vertex can be assigned a color. This allows you to perform a bilinear
interpolation among four vertex colors to determine the color at any point within the quadrilateral.

3 (o~ 4
C\\. \

o (B
\

-1 2 -3

Figure 1-19 Color matrix and color map.

If you do not want to use color interpolation, the color data can also be a 2-by-2 matrix, as shown
in Figure 1-19 with the circled elements. Basically, you can take the top-left vertex color data to
fill the corresponding quadrilateral. Combining this with the color indices, you obtain the direct
color map for these four quadrilaterals, as shown in Figure 1-19.

You can see from Figure 1-19 that the color changes very dramatically from one quadrilateral to
another. To obtain a better color shading effect, you need to perform a bilinear color interpolation.
Bilinear interpolation uses the four vertex values surrounding each quadrilateral to obtain any
value inside the quadrilateral. Suppose you want to get the value at (x, y), and the vertices of the
quadrilateral are located at (x0, y0), (x1, y0), (x0, y1), and (x1, y1), where they have the color data
values C00, C10, CO1, and C11, respectively, as show in Figure 1-20.

Linear interpolation on the top row of neighbors, between (x0, y0) and (x1, y0), estimates the
value CO at (x, y0) as
c0="17% oo+ 2220 19
x1=x0 x1=x0

Likewise, linear interpolation on the bottom row of neighbors, between (x0, y1) and (x1, yl),
estimates the value C1 at (x, y1) as
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Coo Co C10
(0, yO0) (et yO0)

L J
=

T, yT)
01 1 C11

(0, 1)

Figure 1-20 Coordinates used for bilinear interpolation.

=17 co1+ 2750 oy
x1—x0 x1—x0

Finally, linear interpolation between CO and C1 estimates the value C at (x, y) as

=220 04 2700
yl=0 y1=30

By substituting the expressions for CO and C1 into the above equation, you obtain:

C= yl=y ( xl-x C00+x—x0 c10 +y—y0 xl—x C01+x—x0 Cl1
y1=y0{ x1-x0 x1—x0 yl=y0{ x1-x0 x1=x0

You can see that the equation for C is a polynomial involving powers of x and y no greater than 1,
and with four coefficients: C = al+ a2*x + a3*y + a4*x*y. Because these four coefficients were
determined by four values (C00, C01, C10, and C11), they are usually uniquely determined by the
data. This immediately implies that the comparable procedure of first interpolating along columns
(in the y-direction) and then interpolating the results in the x-direction will give the same result,
because it, too, will have a similar formula with a unique solution.

Note that the term "bilinear" derives from the process of linear interpolation (twice in one
direction, then once in the perpendicular direction), not from the formula for C. The formula
involves a term with x * y, which is not linear.

Now, start off with a new C# Windows Application example, and call it Examplel-9. Add the
Col or Map class from the previous project Examplel 8 to this project and change its namespace
to Examplel 9. In this project, we implement the bilinear interpolation for the color map to get a
better shading effect than the direct map in Figure 1-19. You also need to add a new point class,
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Poi nt C, with a color data and a color ARGB array. Here is the code listing for the Poi nt C
class:

usi ng System
usi ng System Drawi ng;
usi ng System Drawi ng. Dr awi ng2D;

namespace Exanpl el 9

{
public class PointC

{
public PointF pointf = new PointF();

public float C = 0;
public int[] ARBArray = new int[4];

publ i c Point )
{
}

public PointPointF ptf, float c)

{
pointf = ptf;
C=cg

}

public PointQ PointF ptf, float ¢, int[] argbArray)

{
pointf = ptf;
C=cg
AR®BArray = argbArray;

}

This class is very simple; we just associate the color data and the ARGB array with the point. The
following is the code listing of the For mi class:

usi ng System

usi ng System Drawi ng;

usi ng System Drawi ng. Dr ani ng2D;
usi ng System W ndows. For ns;

nanespace Exanpl el_9

public partial class Fornl : Form

{
public Formil()
{
InitializeConponent();
this. Wdth = 400;
this. Hei ght = 250;
}

protected override voi d nPai nt (Pai nt Event Args e)
{
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Q aphi cs g = e. G aphi cs;
Dr an(hj ects(g);

g. D spose();
}
private void Drawhj ect s(Q aphi cs Q)
{

Col or Map cm = new Col or Map() ;
int[,] cnap = cmJet();

int x0 = 10;
int yo = 10;
int width = 85;

int height = 85;
Pointd,] pts = new Point(d 3, 3];
pts[0, 0] = new Poi nt O new Poi nt F(x0, y0), 3);

pts[0, 1] = new Poi nt O new Poi nt F(x0 + wi dth, y0), 0);
pts[0, 2] = new PointQ new Poi nt F(x0 + 2 * width, y0), 4);
pts[1, 0] = new Poi nt O new Poi nt F(x0, yO + height), -2);
pts[1, 1] = new Poi nt O new Poi nt F(x0 + wi dth,

y0 + height), 3);
pts[1, 2] = new PointQ new Point F(x0 + 2 * width,

y0 + height), 1);
pts[2, 0] = new Poi nt 0 new Poi nt F(xO0,
y0 + 2* height), -1);
pts[2, 1] = new Poi nt O new Poi nt F(x0 + wi dth,
y0 + 2* height), 2);
new Poi nt Q new Poi nt F(x0 + 2 * wi dth,
yO + 2 * height), -3);

pts[2, 2]

float cnmin = -3;
float cnmax = 4;
int colorLength = crmap. Get Lengt h(0) ;

/1 Oiginal color nap:
for (int i =0; i <3; i++)
{
for (int j =0; j <3; j++)

int cindex = (int)Mth. Round((
colorLength * (pts[i, j].C- cnmn) +
(cmax - pts[i, j].Q) / (cmax - cnin));

if (cindex < 1)
ci ndex = 1;
if (cindex > col orLength)
ci ndex = col orLengt h;
for (int k =0; k <4; k++)
{
pts[i, j].AR®BArray[k] = cmap[cindex - 1, K];
}
}
}
for (int i =0; i <2; i++)
{

for (int j =0; j <2; j++)
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{
Sol i dBrush aBrush = new Sol i dBr ush(
Col or. FromArgb(pts[i, j].ARGBArray[ 0],
pts[i, j].ARBArray[1], pts[i, j].ARBAray[2],
pts[i, j].ARGBArray[3]));

PointF[] pta = new Point F[ 4] {pts[i,j].pointf,
pts[i+1,j].pointf,pts[i+1,j+1].pointf,
pts[i,j+1].pointf};

g. Fi Il Pol ygon(aBrush, pta);

aBr ush. D spose();

}

g.Drawstring("Drect Color Map", this. Font,
Brushes. Bl ack, 50, 190);

/1 Bilinear interpolation:
X0 = x0 + 200;

pts[0, 0] = new Poi nt d new Poi nt F(x0, y0), 3);
pts[0, 1] = new Poi nt O new Poi nt F(x0 + wi dth, y0), 0);
pts[0, 2] = new PointQ new Poi nt F(x0 + 2 * width, y0), 4);
pts[1, 0] = new PointQ new Poi nt F(x0, y0 + height), -2);
pts[1, 1] = new Poi nt O new Poi nt F(x0 + wi dth,

y0 + height), 3);
pts[1, 2] = new PointQ new Point F(x0 + 2 * width,

y0 + height), 1);
pts[2, 0] = new Poi nt 0 new Poi nt F(xO0,

yO + 2 * height), -1);
pts[2, 1] = new Poi nt O new Poi nt F(x0 + wi dt h,

y0 + 2 * height), 2);

pts[2, 2] = new PointQ new Point F(x0 + 2 * width,
yO + 2 * height), -3);
for (int i =0; i <2; i++)
{
for (int j =0; j <2, j+¥)
{

PointF[] pta = new Point F[ 4] {pts[i,j].pointf,
pts[i+1,j].pointf,
pts[i+1,j+1].pointf, pts[i,j+1].pointf};
float[] cdata = new float[4]{pts[i,j].C
pts[i+1,j].C pts[i+1,j+1].Cpts[i,j+1].Q;
Interp(g, pta, cdata, 50);
}

}
g.Drawstring("Interpol ated Col or Map", this. Font,
Brushes. Bl ack, 240, 190);

}

private void Interp(Gaphics g, PointF] pta,
float[] cData, int npoints)

Pointd,] pts = new Pointd npoints + 1, npoints + 1];
float x0 = pta[0]. X
float x1 = pta[3]. X
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float yO = pta[0].Y;

float yl = pta[1].Y,;

float dx = (x1 - x0) / npoints;
float dy = (yl - y0) / npoints;
float @0 = cData[0];

float ClO = cData[1];

float Cl1 = cData[ 2];

float @1 = cDhata[ 3];

for (int i =0; i <= npoints; i++)

}

i * dx;

float x = x0 +
=0; ] <= npoints; j++)

for (int j

float y = y0 + | * dy;
float C=(yl-vy) * ((x1- x) * Q0 +
(x - x0) * Cl0) / (x1 - x0) / (y1 - y0) +
(y - y0) * ((x1- x) * Q1 +
(x - x0) * C11) / (x1 - x0) / (yl1 - y0);
pts[j, i] = new Point Q new Poi ntF(x, y),O;

Col or Map cm = new Col or Map() ;

int[,] cnap = cmJet();

float cmn = -3;

float cnax = 4;

int colorLength = crmap. Get Lengt h(0) ;
for (int i =0; i <= npoints; i++)

for (int j =0; j <= npoints; j++)

int cindex = (int)Math. Round((
colorLength * (pts[i, j].C- cmn) +

(cmax - pts[i, j].©Q) / (cmax - cmn));
if (cindex < 1)
ci ndex = 1;
if (cindex > col orLength)
ci ndex = col orLengt h;
for (int k =0; k <4; k+t)
{
pts[j, i].ARGBArray[k] = cmap[cindex - 1, Kk];
}
}
for (int i =0; i <npoints; i++)
{
for (int j =0; j < npoints; j++)

Sol i dBrush aBrush = new Sol i dBr ush(
Col or. FromArgb(pts[i, j].ARGBArray[0],
pts[i, j].ARBArray[1],
pts[i, j].ARGBArray[ 2],



44 Practical C# Charts and Graphics

pts[i, j].ARGBArray[3]));

Poi nt F[] points = new Point F[ 4] {pts[i,j].pointf,
pts[i+1,j].pointf,
pts[i+1,j+1].pointf, pts[i,j+1].pointf};

g. Fi | | Pol ygon(aBrush, points);

aBr ush. D spose();

}

This project produces the output of Figure 1-21. You can see that the interpolated color map gives
a much better shading effect indeed.

Let’s examine how the program works. The method | nt er p in the For nmil class takes four
vertex points and the corresponding color data values of a given quadrilateral as inputs, and
interpolates the color data values within the quadrilateral using the bilinear interpolation approach.
The color shading quality is controlled by the number of the interpolation points: npoi nt s.

In the Dr awQbj ect s method, we first draw the objects using the direct map approach, and then
using the bilinear interpolation by calling the | nt er p method. The bilinear interpolated color
map has found wide applications in image processing and 3D surface chart applications.

Formi

Direct Colar Map |nterpolated Caolar Map

Figure 1-21 Direct (left) and interpolated (right) color maps.



2D Matrices and
Transformations

In a graphics application, operations can be performed in different coordinate systems. Moving
from one coordinate space to another requires the use of transformation matrices. In this chapter,
we review the mathematic basis about matrices and transformation in 2D space. Here we
acknowledge the importance of matrices and transformation in graphics and chart programming
by presenting you with a more formal exposition of their properties. We concern ourselves with
linear transformation among different coordinate systems. Such transformations include simple
scaling, reflection, and translation, as well as rotations. More complicated transformations in 3D
will be the topic of Chapter 5.

Basics of Matrices and Transformations

Matrices play an important role in the transformation process. A matrix is a multi-dimensional
array. This section explains the basics of 2D matrices and transformations. As we discussed in the
previous chapter, by changing the coordinates of a graphics object in the world coordinate system,
such as zooming and panning, you can easily move the graphics object to another part of a
viewport. However, if the graphics contains more than one object, you may want to move one of

45
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the objects without moving the others. In this case, you cannot use simple zooming and panning to
move the object because these approaches would move the other objects as well.

Instead, you can apply a transformation to the object you want to move. Here we discuss the
transformations that scale, rotate, and translate an object.

Scaling

To scale or stretch an object in the X direction, you simply need to multiply the X coordinates of
each of the object’s points by the scaling factor sy. Similarly, you can scale an object in the Y

)

For example, the scaling matrix that shrink x and y uniformly by a factor of two, as well as a
matrix that halves in the y direction and increases to three-halves in the x direction, are given
below respectively:

direction:

%

05 ¢ %
ﬁ-[ ] % :

%

s 2

Figure 2-1 Uniform scaling by half for the x and y directions (top) and
non-uniform scaling in x and y directions (bottom).
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05 0 15 0
and
0 05 0 05
The above two scaling matrix operations have very different effects on objects (see Figure 2-1).

Reflection

By reflecting an object across the X and Y axis, you can create a mirror image of the object. In
fact, reflecting an object across an axis is equivalent to scaling it with a negative scaling factor.
The transformation matrices across either of the coordinate axes can be written in the following
forms:

-1 0
Reflect across the x axis: ( 0 J

1 0
Reflect across the y axis: [O J

As you might expect, a matrix with -1 in both elements of the diagonal is a reflection that is just a
rotation by 180 degrees.

Rotation

Suppose we want to rotate an object by an angle 6 counter-clockwise. First, suppose you have a
point (x/, yI) that you want to rotate by an angle 6 to get to the point (x2, y2), as shown in Figure
2-2.

i
P* ginfoHl) - - mm oo s 8 (12, y2)
v i
=111 P . oo (el )
P i
: : !
i i i
i - }{
n t* cos{n+E) F*cosin)

Figure 2-2 Rotation from point (x1, y1) to point (x2, y2).
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Suppose that the distance from the point to the origin », meaning you have the following relations:

xl =rcosa

yl=rsina

The point (x2, y2) is the same point rotated by an additional angle of 8. Since this point also has a
distance » from the origin, its coordinates are given by:

x2 =rcos(a +6)=rcosacosfd—rsinasin @

y2 =rsin(a +8) =rsinacos@+rcosasinf
Substituting the components of x/ = r cosa and yI = r sina into the above equations gives

x2=xlcos@ - ylsin 6
y2 =xlsin@+ ylcos @

In matrix form, the equivalent rotation transformation that takes point (x1, yI) to (x2, y2) is

cosfd -—sind
. (2.2)
sin@ cos@

|

Translation

To translate an object, you simply add an offset to the original X and Y coordinates of the points
that make up the object

xl=x+dx

2.3
yl=y+dy 2.3)

Although translations look very simple, they cannot be expressed in terms of transformation
matrices. It would be feasible to keep track of scales, reflections, and rotations as a matrix, while
keeping track of translations separately, but doing so would involve fairly painful bookkeeping,
particularly the application includes many different transformations. Instead, you can use a
technique to move the computation into a higher dimension. This technique allows you to treat the
different transformations in a uniform or homogeneous way. This approach, called homogeneous
coordinates, has become standard in almost every graphiccs program. In the following section, we
will introduce homogeneous coordinates that allow you to manipulate all of these transformations
with matrices.

Homogeneous Coordinates

We expect that all transformations in 2D space, including scaling, reflection, rotation, and
translation, can be treated equally, if points are expressed in homogeneous coordinates.
Homogeneous coordinates were first introduced in geometry and have been applied subsequently
to graphics.

In homogeneous coordinates, you add a third coordinate to a point. Instead of being represented
by a pair of (X, Y) numbers, each point is represented by a triple (X, Y, W). If the W coordinate is
nonzero, you can divide through by it: (X, Y, W) represents the same point as (X/W, Y/W, 1).
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When W is nonzero, you normally perform this division, and the numbers X/W and Y/W are
usually called the point coordinates in the homogeneous coordinate system. The points where W =
0 are called points at infinity.

Because points in 2D space are now three-element column vectors, transformation matrices,
which multiply a point vector to produce another point vector, should be 3x3.

Translation in Homogeneous Coordinates

In homogeneous coordinates, a translation can be expressed in the form:
xl 1 0 dx)x
yi|={0 1 dyl|y 2.4)
1 0 0 1)1

The above transformation can be expressed differently as

P, = T(dx,dy)P 2.5)

Here P and P, represent point (X, y) and point (x1, yl) respectively, and T(dx, dy) is the
translation matrix:

1 0 dx
T(dx,dy)=|0 1 dy (2.6)
0 0 1

What happens if a point P is translated by T(dx1, dy1) to P; and then translated by T(dx2, dy2) to
P,? The result, we intuitively expect, is a net translation of T(dx1 + dx2, dyl+ dy2). This can be
confirmed by the definitions:

B =T(dxl,dyl)P
P, =T(dx2,dy2)P,
From the above equations we have:
P, =T(dx2,dy2)T(dx1,dyl)P
The matrix product T(dx1, dyl) T(dx2, dy2) is

1 0 dx2)1 0 dxl 1 0 dxl+dx2
0 1 dy2|0 1 dyl|={0 1 dyl+dy2 2.7
00 1 )0 0 1 00 1

The net translation is indeed T(dx1 + dx2, dyl + dy2).

Scaling in Homogeneous Coordinates

Similarly, the scaling equation (2.1) can be represented in matrix form in homogeneous
coordinates as:
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x1 s, 0 0)(x
yi|=[0 s, 0|y (2.8)
1 0 0 1)1
It can also be expressed in the form as:
P, =8(s,.5,)P (2.9)

Just as successive translations are additive, we expect that successive scalings should be
multiplicative. Given

B =5(5,1,5,)P (2.10)

x>
Py =8(512,5,0)P 2.11)
Substituting Eq.(2.10) into Eq.(2.11) obtains
Py = 8(812,5,0) LS (5y1,8,1) LP) = (S(84258,2) L (s,41,8,1)) LP
The matrix product in the above equation is

so 0 0)s, 0 O S 1552 0 0
0 s, 0} 0 s, 0|=[ O S8, 0
0 0 1A0 0 1 0 0 1
Thus, the scalings are indeed multiplicative.

Reflection is a special case of scaling with a scaling factor of -1. You can represent a reflection in
the same way as scaling.

Rotation in Homogeneous Coordinates

A rotation in homogeneous coordinates can be represented as

xl cosd -sinf 0\ «x
yl|=|sind cos@ Ofy (2.12)
1 0 0 1\1
It can be also written as
P =R(6)P

Where R(0) is the rotation matrix in homogeneous coordinates. We expect that two successive
rotations should be additive. Given

B =R(6)P (2.13)
B, =R(6,)R (2.14)

Substituting Eq. (2.13) into Eq. (2.14) gets
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P, = R(6,) {R(6)[P) = (R(6,) [R(6)) [P
The matrix product R(8;) R(8,) is

cosd, -—sin@, 0)cosf -—sing O
sinf, cos@, O|sing cos§ O
0 0 1 0 0 1

cos @, cosg —sinf,sinf, —cosb,sinfl —sind, cosf, 0

siné, cos@ +cos@,sinf, cosb,cosf —sinf,sing 0
0 0 1
cos(6 +6,) —sin(g +6,) 0
sin(6, +6,) cos(6,+6,) 0
0 0 1

Thus, the rotations are indeed additive.

Combining Transformations

It is common for graphics applications to apply more than one transformation to a graphics object.
For example, you might want to first apply a scaling transformation S, and then a rotation
transformation R. You can combine the fundamental S, T, and R matrices to produce desired
general results. The basic purpose of combining transformations is to gain efficiency by applying
a single composed transformation to a point, rather than applying a series of transformations, one
after another.

Consider the rotation of an object about some arbitrary point P1. Since you only know how to
rotate about the origin, you need to convert the original problem into several separate problems.
Thus, to rotate about P1, you need to perform a sequence of several fundamental transformations:
* Translate it so that the point is at the origin

* Rotate it to the desired angle

* Translate so that the point at the origin returns back to P1.

This sequence is illustrated in Figure 2-3, in which a rectangle is rotated about P1 (x1, y1). The
first translation is by (-x1,-y1), whereas the later translation is by the inverse (x1, y1). The result is
quite different from that of applying just the rotation. The net transformation is

1 0 xl)cos@ -sinfd 0)1 0 -xl

T(xl,y)[R(O) (T (—xL,—y1)={0 1 yl|sin@ cosd 0|0 1 -yl

0 0 1 0 0 1f0 0 1

cos@ -sin@ xI(1-cosf)+ ylsin8
=|sinf cos@ yl(1-cosf)—xlsinf
0 0 1
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L] . .

P1 P1 P1 P1

. , b , ,

CQriginal rectangle translation to origin After rotation Translation bhack to P1

Figure 2-3 Rotation of a rectangle about the point P1 by an angle 6.

Matrix Class and Transformation in C#

Visual C# and GDI+ have implemented a matrix class in homogeneous coordinates for 2D space.
Note that C# uses a convention of pre-multiplying matrices by row vectors, rather then post-
multiplying by column vectors. In this case, the transformation matrices must be transposed to go
from one convention to the other. For your reference, I will list here the fundamental
transformation matrices for a point expressed using a row vector.

Translation:
1 0 O
(x1 y1 1)=(x » 1)) 0 1 0 (2.15)
dx dy 1
Scaling:
s, 0 0
(x1 yI D=(x y DO s, 0 (2.16)
0 0 1
Rotation:
cosd sind 0
(x1 yI D=(x y 1| -sin@ cosf 0 (2.17)
0 0 1

Matrix Definition in C#

You might notice that the transformation matrices always have a last column of (0 0 1). It can be
shown that any combined transformation matrix based on these fundamental transformations has
the same last column. Based on this fact, C# defines the transformation in terms of a 3x2 matrix.
Namely, the matrix class in C# takes 6 elements arranged in 3 rows by 2 columns.
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For example, the default identity matrix constructed by the default constructor has a value of (1, 0,
0, 1, 0, 0). In matrix representation, this means:

10 1 00
0 1. Thisis asimplificationof |0 1 O |. The last column is always |0 |.
0 0 0 0 1 1

Thus a translation transformation of a movement of 3 in the x-axis and 2 in the y-axis would be
represented as (1, 0, 0, 1, 3, 2). In matrix form, we have:

1 0 1 00
0 1. This is a simplificationof [0 1 0].
32 3 21

You can create a matrix object in C# by using its overloaded constructors, which take an array of
points (which hold the matrix items) as arguments. Please note that before using the matrix class
in your applications, you need to add a reference to the Syst em Dr awi ng. Dr awi ng2D
namespace. The following code snippet creates three matrix objects for translation, scaling, and
rotation:

float dx = 3f;
float dy = 2f;
float sx = 0.5f;
float sy = 1.5f;

float theta = (float)Math. Pl / 4;

float sin = (float)Math. Sin(theta);

float cos = (float)Math. Cos(theta);

Matrix tm= new Matrix(1, 0, 0, 1, dx, dy);
Matrix sm= new Matrix(sx, 0, 0, sy, 0, 0);
Matrix rm= new Matrix(cos, sin, -sin, cos, 0, 0);

The matrix t mis a translation matrix that translates an object by 3 units in the x direction and by 2
units in the y direction. The scaling matrix Smscales an object by a factor of 0.5 in the x direction
and by a factor of 1.5 in the y direction. The other matrix r mis a rotation matrix that rotates an
object by 45 degrees about the origin.

The matrix class in C# provides public properties for accessing and setting its member values.
These properties include:

e El enment s: Returns an array containing matrix elements.

* Isldentity:Returnst r ue if the matrix is an identity matrix.
* Islnverti bl e:Returns t r ue if the matrix is invertible.

o O f set X: Returns the x translation value of the matrix.

e O f set Y: Returns the y translation value of the matrix.
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Matrix Operation in C#

The matrix class in C# provides methods to rot at e, scal e, and transl ati on. It also
implements several methods to perform the matrix operations. For example, the Reset method
resets a matrix to the identity matrix. If you call the Reset method and then apply a matrix to
transform an object, the result will be the original object.

The I nvert method is used to reverse a matrix if it is invertible. This method takes no
parameters. The Mul ti pl y method multiplies a new matrix against an existing matrix and stores
the result in the first matrix. Mul ti pl y takes two arguments. The first is the new matrix by
which you want to multiply the existing matrix, and the second is an optional Mat ri XxOr der
argument that indicates the order of multiplication.

The Mat ri xOr der enumeration has two values: Append and Pr epend. Append specifies
that the new operation is applied after the preceding operation; Pr epend specifies that the new
operation is applied before the preceding operation during cumulative operations.

Let’s examine an example of how you can perform matrix operations in C#. Start off with a C#
Windows Application project, and call it Exampe2 1. The following is the code listing of For mL
class:

usi ng System

usi ng System Dr awi ng;

usi ng System Drawi ng. Draw ng2b,
usi ng Syst em W ndows. For ns;

nanespace Exanpl e2_1

public partial class Fornl : Form

{
public Formi()
{
InitializeConponent();
Thi s. BackCol or = Col or. Wi te;
}
protected override voi d nPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
int offset = 20;

/1 Invert matrix:

Matrix m= new Matrix(1, 2, 3, 4, 0, 0);

g.Drawstring("Qriginal Matrix:", this. Font,
Brushes. Bl ack, 10, 10);

Drawvatrix(m g, 10, 10 + offset);

g.Drawstring("lInverted Matrix:", this. Font,
Brushes. Bl ack, 10, 10 + 2*offset);

mlnvert();

Drawvatrix(m g, 10, 10 + 3 * offset);

/1 Matrix multiplication - MatrixQO der. Append:
Matrix nl = new Matrix(1, 2, 3, 4, 0, 1);
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Matrix n2 = new Matrix(0, 1, 2, 1, 0, 1);
g.Drawstring("Qriginal Mtrices:", this.Font,
Brushes. Bl ack, 10, 10 + 4 * offset);
Drawvatrix(nl, g, 10, 10 + 5 * offset);
DrawMatrix(n2, g, 10 + 100, 10 + 5 * offset);
mL. Mul tiply(n2, MatrixCder. Append);
g.Drawstring("Resul tant Matrix - Append:", this. Font,
Brushes. B ack, 10, 10 + 6 * offset);
Drawvatrix(nml, g, 10, 10 + 7 * offset);

/1 Matrix nultiplication - MatrixQ der. Prepend:

m = new Matrix(1, 2, 3, 4, 0, 1);

ml. Mil ti ply(n2, MatrixQder. Prepend);

g.Drawstring("Resultant Matrix - Prepend:", this. Font,
Brushes. Bl ack, 10, 10 + 8 * offset);

Drawvatrix(nl, g, 10, 10 + 9 * offset);

}
private void Drawvatri x(Matrix m QGaphics g, int x, int y)
{
string str = null;
for (int i =0; i <mHenents.Length; i++)
{
str += mB enents[i]. ToString();
str +=", ";
}
g.Drawstring(str, this.Font, Brushes. Bl ack, X, y);
}

}

This project produces the results shown in Figure 2-4.

Form1

Original b atrix:

1.2.3.4.0.0,

Irvverted b atria

-2.1.15.-05.0.0,

Original Matrices:

1.2.3.4.0.1, 0.1.2.1.0.1,
Resultant Matrix - Append:

43,8, 7. 2.2

Rezultant Matrix - Prepend:

3.4.5.8.3.0,

Figure 2-4 Results of matrix operations in C#.
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In this example, we implement a private method Dr awivat r i X, which draws the matrix elements
at a point (X, y) on the screen. First we examine the matrix invert method that inverts a matrix (1,
2,3,4,0,0). The Matri x. I nvert () method gives the result (-2, 1, 1.5, -0.5, 0, 0). This can be
easily confirmed by considering the matrix operation: matrix (1, 2, 3, 4, 0, 0) multiplied by (-2, 1,
1.5, -0.5, 0, 0) should be an identity matrix (1, 0, 0, 1, 0, 0). In fact:

1 2 0)-2 1 O -2+2x15 1-2%x05 0 1 00
3 4 015 -05 0|=|-2%x3+4x15 3-4x05 0(=|{0 1 O
00 1)L O 0 1 0 0 1 0 0 1

which is indeed an identity matrix, as expected.

Next, we consider the matrix multiplication. We create two matrices mil = (1, 2, 3,4, 0, 1) and n?
=(0, 1,2, 1, 0, 1). Please note that the result is stored in L if the matrix Ml is multiplied by n2.
We first set the Mat ri XOr der to Append, indicating that the new operation is applied after the
preceding operation. We see from Figure 2-4 that the resultant matrix is (4, 3, 8, 7, 2, 2). In fact:

1 2 0)0 1 O 4 30
34 0(210(=|8720
01 1){o 1 1 2 21

Then we set the Mat ri xOr der as Pr epend, and expect the following result:

01 0)1I 2 0 340
21 0|3 4 0|=|5 8 0
01 1){0 1 1

which is consistent with (3, 4, 5, 8, 3, 5).

Basic Matrix Transformations in C#

The matrix class in C# also provides methods to rotate, scal e, and transl ate the
matrices.

The Rot at e and Rot at eAt methods are used to rotate a matrix. The Rot at e method rotates a
matrix at a specified angle. This method takes two arguments: a floating point value specifying the
angle, and (optionally) the matrix order. The Rot at eAt method is useful when you need to
change the center of the rotation. Its first parameter is the angle; the second parameter (of type
float) specifies the center of rotation. The third (optional) parameter is the matrix order.

Let’s illustrate the basic matrix transformations (translation, scaling, rotation, and shear) in C#
through an example. Start off with a new C# Windows Application project and call it
Example? 2. This project is very similar to the previous example. Here is its code listing:

usi ng System

usi ng System Drawi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System W ndows. For ns;
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namespace Exanpl e2_2

{

public partial class Fornl : Form

{

public Formi()
{

}

InitializeConponent();

Thi s. BackCol or = Col or. Wi te;
this. Wdth = 300;

thi s. Hei ght = 500;

protected override voi d OnPai nt (Pai nt Event Args e)

{

Q@ aphics g = e. @ aphi cs;
int offset = 20;

/1l Scal e:

Matrix m= new Matrix(1, 2, 3, 4, 0, 1);

g.Drawstring("Qriginal Matrix:", this.Font,
Brushes. Bl ack, 10, 10);

Drawvatrix(m g, 10, 10 + offset);
g.Drawstring("Scal e - Prepend:", this. Font,
Brushes. Bl ack, 10, 10 + 2 * offset);

m Scal e(1, 0.5f, MatrixQder. Prepend);
Drawvatrix(m g, 10, 10 + 3 * offset);
g.Drawstring("Scal e - Append:", this. Font,
Brushes. Bl ack, 10, 10 + 4 * offset);

/! Reset mto the original natrix:

m= new Matrix(1, 2, 3, 4, 0, 1);

m Scal e(1, 0.5f, MatrixQ der. Append);
DrawMatrix(m g, 10, 10 + 5 * offset);

/1 Translation:

m= new Matrix(1, 2, 3, 4, 0, 1);

g.Drawstring("Transl ation - Prepend:", this. Font,
Brushes. Bl ack, 10, 10 + 6 * offset);

m Transl ate(1, 0.5f, MatrixQ der. Prepend);

Drawvatrix(m g, 10, 10 + 7 * offset);

g.Drawstring("Transl ation - Append:", this. Font,
Brushes. Bl ack, 10, 10 + 8 * offset);

/!l Reset mto the original matrix:

m= new Matrix(1, 2, 3, 4, 0, 1);

m Transl ate(1, 0.5f, MatrixQ der. Append);

Drawvatrix(m g, 10, 10 + 9 * offset);

/!l Rotation:

m= new Matrix(1, 2, 3, 4, 0, 1);

g.Drawstring("Rotation - Prepend:", this. Font,
Brushes. Bl ack, 10, 10 + 10 * offset);

m Rot at e(45, MatrixQO der. Prepend);

Drawvatrix(m g, 10, 10 + 11 * offset);

g.Drawstring("Rotation - Append:", this.Font,
Brushes. Bl ack, 10, 10 + 12 * offset);
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/! Reset mto the original natrix:
m= new Matrix(1, 2, 3, 4, 0, 1);
m Rot at e(45, MatrixQ der. Append);
Drawvatrix(m g, 10, 10 + 13 * offset);

// Rotation at (x =1, y = 2):

m= new Matrix(1, 2, 3, 4, 0, 1);

g.Drawstring("Rotation at - Prepend:", this. Font,
Brushes. Bl ack, 10, 10 + 14 * offset);

m Rot at eAt (45, new PointF(1, 2), MatrixQder. Prepend);

Drawvatrix(m g, 10, 10 + 15 * offset);

g.Drawstring("Rotation At - Append:", this.Font,
Brushes. Bl ack, 10, 10 + 16 * offset);

/!l Reset mto the original matrix:

m=new Matrix(1, 2, 3, 4, 0, 1);

m Rot at eAt (45, new Point F(1, 2), MatrixQ der. Append);

DrawMatrix(m g, 10, 10 + 17 * offset);

/1 Shear:

m= new Matrix(1, 2, 3, 4, 0, 1);

g.Drawstring("Shear - Prepend:", this. Font,
Brushes. Bl ack, 10, 10 + 18 * offset);

m Shear (1, 2, MatrixQder. Prepend);

Drawvatrix(m g, 10, 10 + 19 * offset);

g. Drawstring(" Shear - Append:", this. Font,
Brushes. Bl ack, 10, 10 + 20 * offset);

/! Reset mto the original natrix:

m= new Matrix(1, 2, 3, 4, 0, 1);

m Shear (1, 2, MatrixQder. Append);

Drawvatrix(m g, 10, 10 + 21 * offset);

}
private void Drawvatrix(Matrix m QGaphics g, int x, int y)
{
string str = null;
for (int i =0; i < mHenents.Length; i++)
{
doubl e dd = Math. Round(m B enents[i], 3);
str += dd. ToString();
str +=", ",
}
g.Drawstring(str, this.Font, Brushes.Bl ack, x, y);
}

}

Building and running this project generates the output in Figure 2-5. The original matrix m = (1, 2,
3,4,0, 1) is operated on by various transformations. First, we examine the scale transformation
that sets the scaling factor to be 1 in the x direction, and 0.5 in the y direction. For the Pr epend
scaling (the default setting), we have:
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1 0 0)I 2 0 1
0 05 0|3 4 0f=|15 2
0 0 110 1 1 0

This confirms the output result (1, 2, 1.5, 2, 0, 1) of Figure 2-5. On the other hand, for the
Append scaling, we have:

1 2 01 0 O 1 1 0
34 00 05 0f=(3 2 0
01 1){0 0 1 0 05 1

This gives the same result (1, 1, 3, 2, 0, 0.5) as in Figure 2-5.

Then, we translate the matrix m in the x direction by one unit, and in the y direction by a half unit.
For the Pr epend translation, this means the following transformation:

I 0 0)1 2 0 1 20
0 I Of3 4 0|=3 40
1 05 1)A0 1 1 25 5 1

This confirms the result (1, 2, 3, 4, 2.5, 5) listed in Figure 2-5. For the Append translation, we
have:

1
0
1

This is consistent with the result (1, 2, 3, 4, 1, 1.5) of Figure 2-5.

For rotation transformation, we rotate the original m matrix by 45 degrees. In the case of the
Pr epend rotation, we have:

cos(77/4) sin(/r/4) 01 2 0 2.828 4243 0
—sin(77/4) cos(77/4) 0|3 4 0|=|1414 1414 O
0 0 10 1 1 0 1 1
Note that in the above calculation, we have used the fact of cos(n/4) = sin(n/4) = 0.707. This result

is also the same as (2.828, 4.243, 1.414, 1.414, 0, 1) of Figure 2-5. While for the Append
rotation, we have:

1 2 0\ cos(7r/4) sin(r/4) 0) (-0.707 2.121 0
3 4 0| -sin(7r/4) cos(7r/4) 0|=]-0.707 4.949 0
01 1 0 0 1) |-0.707 0.707 1

This is the same result (-0.707, 2.121, -0.707, 4.95, -0.707, 0.707) that is given in Figure 2-5.
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Origirial k4 atris;

1. 2.3, 4. 0.1,

Scale - Prepend:

1.2, 15 2,01,

Scale - Append:

1.1, 3. 2, 0. 05

Tranzlation - Prepend:

1.2, 3. 4 258 &

Translation - Append:

1.2, 3. 4 1. 15

R atation - Prepend:

2828, 4243 1414, 1414, 0, 1.

R otation - Append:

0707, 2121, -0.707, 4.95, 0707, 0.707.
R atation At - Prepend:

2828, 4243, 1.414, 1.414, 1.343, 3929,
R atation &t - Append:

0707, 2121, 0707, 4.95, 1, 0,586,
Shear - Prepend:

7010, 4B, 0,1,

Shear - Append:

3471001, 1.

Figure 2-5 The results of matrix transformations.

The Rot at eAt method is designed for cases in which you need to change the center of rotation.
In fact, the Rot at e method is a special case of Rot at eAt with the rotation center at (0, 0). In
our example, we rotate the matrix mby 45 degrees at the point (1, 2). As we discussed in the
previous "Combining Transformations" subsection of this Chapter, the rotation of an object about
some arbitrary point P1 must be performed according to the following procedures:

*  Translate P1 to the origin.
* Rotate it to the desired angle.
*  Translate so that the point at the origin returns back to P1.

Considering the matrix transformation definition in C#, the rotation matrix at point (1, 2) should
be expressed in the following form:
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T(~dx,~dy) (R(6) [T (dx, dy)
1 0 0) cos(7z/4) sin(zz/4) 0)(1 0 0) ( 0.707 0.707 0
=[0 1 0| -sin(7z/4) cos(7r/4) 0]/0 1 0|=-0.707 0.707 0
-1 -2 1 0 0 11t 2 1) | 1.707 -o0.121 1

Thus, the Pr epend rotation of matrix mby 45 degrees at point (1, 2) becomes:

0.707 0.707 0)(1 2 0 2.828 4242 0
-0.707 0.707 0|3 4 0|=|1414 1414 0
1.707 -0.121 1){0 0 1 1.344 393 1

This gives the same result (2.828, 4.242, 1.414, 1.414, 1.343, 3.929) of Figure 2-5. The minor
difference is due to the decimal rounding.

Similarly, for the Append rotation of matrix mby 45 degrees at point (1, 2) should be:

1 2 03 0707 0.707 0 -0.707 2.121 O
3 4 0]-0.707 0.707 0|=|-0.707 4949 0
0 I 1)L 1.707 -0.121 1 1 0.586 1

Again, the result is the same as the one shown in Figure 2-5.

Finally, we discuss the Shear method that provides a shearing transformation and takes two
floating point arguments, which represent the horizontal and vertical shear factors. The shear
transformation in homogeneous coordinates can be expressed in the form:

1 B0
(xl vl l):(x y l)a' 1 0 =(x+afy v+ [fx l)
0 0 1

Where a and  are the shear transformation factors in the x and y directions, respectively. Return
to the shear transformation in our example. The shear factors we use in the example are 1 in the x
direction and 2 in the y direction. For the Pr epend shear transformation, we have:
1 2 0)y1 2 0 7 10 0
1 1 0|3 4 0|={4 6 O
0 0 1){l0 1 1 0 1 1

This confirms the result shown in Figure 2-5. For the Append shear transformation, we have:

1 2 0)1 2 0 340
34011 0(=]7 10 0
01 1J){0 0 1 1 1 1

This result is the same as the one given in Figure 2-5.
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Here, we have presented detailed explanations of the matrix transformations in C#. This
information is useful in understanding the definitions and internal representations of matrices in
C# and to apply them to your applications correctly.

Object Transformations in C#

Once you have created the matrix transformations in C#, you will want to apply them to real-
world graphics objects. For each graphics object, you can apply various transformations
separately.

Basic Transformations

Let’s start off with a new C# Windows Application project, Example2 3. The following code
listing of the For L class applies basic transformations (scale, translation, rotation, and shear) to
a house object:

usi ng System

usi ng System Dr awi ng;

usi ng System Draw ng. Draw ng2b,
usi ng Syst em W ndows. For ns;

namespace Exanpl e2_3

public partial class Fornl : Form

{

public Formi()

{
InitializeConponent();
this. BackCol or = Col or. Wi te;
/1 Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Pai nt += new Pai nt Event Handl er (panel 1Pai nt) ;

}

private void panel 1Pai nt (obj ect sender, Paint EventArgs e)

Q@ aphics g = e. G aphi cs;
Dr awAxes( Q) ;
Appl yTransf or mati on(g);

}
private void Appl yTransfornati on( QG aphi cs g)

/] Oreate a new transformmatrix:

Matrix m= new Matrix();

/l Bring originto the center:

m Transl at e( panel 1. Wdth/ 2, panel 1. Hei ght/2);

if (rbTransl ati on. Checked)

/1 Transl ation:
int dx = Convert. Tol nt 16(t bTransl ati onX Text);
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}

int dy = - Convert. Tol nt 16(tbTransl ati onY. Text);
m Transl at e(dx, dy);

}
el se if (rbScal e. Checked)

/1 Scaling:

float sx = Convert. ToS ngl e(tbScal eX Text);
float sy = Convert. ToS ngl e(tbScal eY. Text);
m Scal e(sx, sy);

}

el se if (rbRotation. Checked)

{
/1 Rotation:
float angle = Convert. ToS ngl e(tbRot ai onAngl e. Text ) ;
float x = Convert.ToS ngl e(tbRot at eAt X Text);
float y = - Convert.ToSingl e(tbRotateAtY. Text);
g.FillBIlipse(Brushes.B ack, x - 4, y - 4, 8, 8);
m Rot at eAt (angl e, new PointF(x, y));

}
el se if (rbShear. Checked)

{
/] Shear:

float al pha = Convert. ToSi ngl e(thbShear X Text);
float beta = Convert. ToS ngl e(t bShearY. Text);
m Shear (al pha, beta);

g. Transform=m
Dr awHbuse(g, ol or. Bl ack);

private void Drawuse( G aphics g, Color color)

{

}

Hat chBrush hb = new Hat chBr ush(Hat chStyl e. Hori zont al Bri ck,
color, Color.Wite);

Pen aPen = new Pen(col or, 2);

Point[] pta = new Point[5];

pta[ 0] = new Point (-40, 40);
pta[1] = new Poi nt (40, 40);
pta[2] = new Point (40, -40);
pta[3] = new Point (0, -80);
pta[4] = new Point (-40, -40);

g. Fill Pol ygon(hb, pta);
g. DrawPol ygon(aPen, pta);
hb. D spose();

aPen. D spose();

private void DrawAxes(Q aphi cs Q)

{

Matrix m= new Matrix();

/1 Define the translation matrix:
m Transl at e( panel 1. Wdt h/ 2, panel 1. Hei ght/ 2);
/1 Apply the transformation matrix to graphi cs object:
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g. Transform= m

/!l Draw x and y axes:

g. DrawLi ne(Pens. Bl ue, -panel 1. Wdth / 2, O,
panel 1. Wdth / 2, 0);

g. DrawLi ne(Pens. Bl ue, 0, -panel 1. Height / 2,
0, panel 1. Height / 2);

// Add labels to the X and Y axes:

g.Drawstring(" X', this.Font, Brushes. Bl ue,
panel 1. Wdth / 2 - 20, -20);

g.Drawstring("Y', this.Font, Brushes.Bl ue, 5,
-panel 1. Hei ght / 2+5);

/1 Draw Ticks:
int tick = 40;
StringFormat sf = new StringFornat();
sf.Alignnent = StringAlignnent. Far;
for (int i =-200; i <= 200; i +=tick)
{
g. DrawLi ne(Pens. Bl ue, i, -3, i, 3);
g. DrawLi ne(Pens. Bl ue, -3, i, 3, i);

Si zeF si zeXTick = g. MeasureString(i.ToString(),
this. Font);
if (i '=0)

g.Drawstring(i.ToString(), this.Font, Brushes.B ue,
i + sizeXTick.Wdth / 2, 4f, sf);
g.Drawstring((-i). ToString(), this.Font, Brushes.B ue,

-3f, i - sizeXTick.Height / 2, sf);
}
el se
{
g.Drawstring("0", this.Font, Brushes.Bl ue,
new Poi nt F(i - sizeXTick.Wdth / 3, 4f), sf);
}
}
}
private void btnReset _Qick(object sender, EventArgs e)
{

/1 Reset paraneters to default val ues:

tbTransl ati onX Text = "0";
tbTransl ationY. Text = "0";
t bScal eX Text = "1";
t bScal eY. Text = "1";
t bRot ai onAngl e. Text "o

t bRot at eAt X Text = "0";
tbRotateA Y. Text = "0";
t bShear X. Text = "0";
t bShear Y. Text = "0";
panel 1. I nvalidate();
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private void bt nShow Qi ck(object sender, EventArgs e)

panel 1. I nval i date();

}

In this example, we draw the graphics object on a panel control, panel 1. For simplicity, a unit of
pixels is used in both the world and device coordinate systems. The Dr awAxes method creates
the X and Y coordinate axes in the world coordinate system with the origin located at the center of
the panel 1. We first define the translation matrix musing the Tr ans| at e method:

m Transl at e( panel 1. Wdt h/ 2, panel 1. Hei ght/ 2);

This is equivalent to the following statement:
Matrix m= new Matrix(1, 0, 0, 1, panel 1. Wdth/2, panel 1. Hei ght/2);

Then we perform a transformation on the Gr aphi cs object using the translation matrix through
the g. Tr ansf or mmethod:

(%) Translation 2004
x [0 ]

) Scale 1204
%
’ :

) Rotation
Angle

s

1 3

200 B0 120 80 80 120 160 200

) Shear
= -804
by
120+
Show Rezults
160+
200+

Figure 2-6 Apply transformations to a house object.



66 Practical C# Charts and Graphics

g. Transform=m

This shifts the origin of the coordinate system to the center of panel 1. Next, we draw the X- and
Y-axes relative to the origin (i.e. the center of the panel 1 control), and add labels to the axes
using the Dr awSt r i ng method. We also add code to create ticks and to label tick marks along
the axes with numbers. Notice how we pass a St ri ngFor mat object to the DrawSt ri ng
method, setting its Al i gnnent property to f ar so that the text is aligned to the right.

The Dr awHouse method creates a house object at the origin. We first define a Hat chBr ush
and a Pen object that are to be used to draw the house. We then create a point array that
constructs the house object by calling the Fi | | Pol ygon and Dr awPol ygon methods.

We perform all transformations and operations on the house object inside the
Appl yTr ansf or mat i on method. In this method, we first define an identity matrix, and then
translate it to the center of the panel 1 control so that the following transformations are
performed relative to the origin of the coordinate system. Next, we create various transformation
matrices, including translation, scaling, rotation, and shearing. Finally, we associate the
transformation matrix mwith the Gr aphi cs object, and draw the transformed house object by
calling the Dr awHous e method:

SIS

(& Translation 2004
. _—
— ! 1604
v 100
1204
and
40l
Angle |
%
ok 200 B0 120 B0 40 O 40 80 120 1BD 200
v
404
) Shear
ROl 0 204
v 0|
A204
Show Resultz
1604
2004

Figure 2-7 Translation for the house object.

g. Transform=m
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Dr awHouse(g, ol or. Bl ack);
Building and executing this project generates the results shown in Figure 2-6.

You can then select different transformations by clicking on the corresponding radio buttons, and
enter proper values into the corresponding textboxes. Finally, you click on the “Show Results”
button in order for your selection to take effect.

Please note that there is only one line code inside the “Show Results” button click event handler:

panel 1. I nvalidate();

This forces the panel 1 to refresh, reflecting your changes in transformation on the house object.
I nval i date is a very useful method when you think something needs to be repainted.
Basically, it marks an area of the client window as invalid, and therefore, in need of repainting,
then makes sure that a Pai nt event is raised. There are a couple of overrides to Invalidate(): you
can pass it a rectangle that specifies precisely which area of the window needs repainting, or you
can pass no parameters at all and it will just mark the entire client area as invalid.

) Translation 200+
v
(#) Scale 1204
.
() Rotation a0
P N
x L2 ] 200 B0 20 80 40 [Smo=w 40 80 120 160 200
v [0 ]
An4
() Shear
x [0 ] il
v o]
20+
Show Results
160+
200+

Figure 2-8 Scaling transformation for the house object.
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Inside the Appl yTr ansf or mat i on method, we first translate the origin to the center of the
panel 1, and then flip the y axis (by changing the sign for all y values). This is necessary because
we want the Y axis to be bottom-up. Now, let’s examine the various transformations. First, select
translation, and set x = 80, y = 100. Figure 2-7 shows the output. In this case, the house object
moves 80 units in the X-direction and 100 units in the Y-direction from the origin.

The scale transformation scales the objects at the origin by setting proper scaling factors. Click on
the Scale radio button, enter 0.5 into both the x and y textboxes, and click on “Show Results”
button. You should obtain the new output shown in Figure 2-8. You can see that the house is
reduced by a factor of 2 in both the x and y directions.

Now, let’s rotate the house object. Click on the “Rotation” radio button, and set angle = 30
degrees, x = 40, and y = -40. Namely, we want to rotate the house object by 30 degrees at the
point (40, - 40). The new output result is shown in Figure 2-9. The rotation center is marked by a
black dot.

Finally, let’s examine the shear transformation. The shear transformation is performed at the
origin. Select the shear option by clicking on the “Shear” radio button, and enter 1 in the X shear
and 0 in the Y shear. You should obtain the result shown in Figure 2-10.

o

3 Translation 2004
« 7]
..................................... 1604
Y 100

120 1E0 200

Show Results
1604+
2004

Figure 2-9 Rotating the house object by 30 degrees at (40, -40).
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You can examine the effect of various transformations with different parameters on the house
object based on Example2 3.1 would like to point out here that the parameters you specify must
be valid values. For example, in a shear transformation, if you set a = B = 1, you will get the
“argument unhandled exception”, because this setting is unphysical.

Combining Transformation in C#

It is convenient to represent the basic transformations, including translation, scaling, rotation, and
shearing, in unified matrix forms based on homogeneous coordinates. However, the real value of
the homogeneous coordinate system comes when you combine several different transformations
together.

Suppose you want to rotate the house object by applying a rotation matrix R(8), and then translate
the object by applying a translation matrix T(dx, dy). You can write the transformation equation
for this operation as (PH * R(0)) * T(dx, dy), where PH stands for the points constructing the
house.

SIS

() Translation 2004
v Bl |
| — 1504
Yo o100
C}' Scale 1204+
« o5 ]
oL TE
() Rotation
Angle | a0 |
................... by
5 40 ; ; ; t t t
— . 200 -1e0 120 120 160 200
D U
(%) Shear
x 1 | 01
20+
Show Results
160+
200+

Figure 2-10 Shear transformation for the house object.
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Please note that the multiplication of points (vectors) and matrices is associative. This means that
it does not matter whether you multiply PH by R(0) first or not. This allows you to rewrite the
operation as PH * (R(0) * T(dx, dy)), indicating that you can compute the matrix R(0) * T(dx, dy)
first and then multiply this new matrix by the point PH. This means that instead of multiplying the
point PH by two matrices, you only need to multiply it by one matrix that combines both
transformations.

Another aspect [ will emphasize is that the order of the transformations is very important. The
operation PH * (R(0) * T(dx, dy)) # PH * (T(dx, dy) * R(6)). This can be demonstrated by a new
C# Windows Application example: Example? 4. Here is the code listing of the For i class:

usi ng System

usi ng System Dr awi ng;

usi ng System Drawi ng. Draw ng2b,
usi ng Syst em W ndows. For ns;

namespace Exanpl e2_4

{

public partial class Fornl : Form

{

public Formi()
{

}

InitializeConponent();

Thi s. BackCol or = Col or. Wi te;

/1 Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Pai nt += new Pai nt Event Handl er (panel 1Pai nt) ;

private voi d panel 1Pai nt (obj ect sender, PaintEvent Args e)

{

Q aphi cs g = e. G aphi cs;
Dr anAxes( Q) ;
Appl yTransf ornati on(g);

private void Appl yTransfornati on( QG aphi cs g)

{

/] Oreate a new transformmatrix:

Matrix m= new Matrix();

// Bring originto the center:

m Transl at e(panel 1. Wdt h/ 2, panel 1. Hei ght/ 2);

if (rbTransl ationFirst. Checked)
{

/1 Translation:
int dx = Convert. Tol nt 16(t bTransl ati onX Text);

int dy = - Convert. Tol nt 16(tbTransl ati onY. Text);
m Transl at e(dx, dy, MatrixCrder. Append) ;
/1 Rotation:

float angle = Convert. ToS ngl e(tbRot ai onAngl e. Text ) ;
m Rot at eAt (angl e, new Poi nt F( panel 1. Wdt h/ 2,
panel 1. Hei ght/2), MatrixQ der. Append);

}
else if (rbRotationFirst.Checked)
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}

/1 Rotation:
float angle = Convert. ToSi ngl e(tbRot ai onAngl e. Text ) ;
m Rot at eAt (angl e, new Poi nt F( panel 1. Wdt h/ 2,
panel 1. Hei ght/2), MatrixQ der. Append);

/1 Translation:
int dx = Convert. Tol nt 16(t bTransl ati onX Text);
int dy = - Convert. Tolnt16(tbTransl ati onY. Text);
m Transl ate(dx, dy, MtrixQ der. Append);

}

g. Transform=m

Dr awHouse(g, ol or. Bl ack) ;

private void DrawHouse( @ aphics g, Col or col or)

{

}

Hat chBrush hb = new Hat chBr ush(Hat chStyl e. Hori zont al Bri ck,
color, Color.Wite);

Pen aPen = new Pen(col or, 2);

Point[] pta = new Point[5];

pta[ 0] = new Point (-40, 40);
pta[ 1] = new Point (40, 40);
pta[2] = new Point (40, -40);
pta[3] = new Point (0, -80);
pta[4] = new Point (-40, -40);

g. Fi Il Pol ygon(hb, pta);
g. DrawPol ygon(aPen, pta);
hb. D spose();

aPen. D spose();

private void DrawAxes( @ aphics @)

{

Matrix m= new Matrix();

/1 Myve the origin to center of panel 1:

m Transl at e(panel 1. Wdt h/ 2, panel 1. Hei ght/2);
/1 Apply the transformation

g. Transform=m

/1l Draw x and y axes:

g. DrawLi ne(Pens. Bl ue, -panel 1. Wdth / 2, O,
panel 1. Wdth / 2, 0);

g. DrawLi ne(Pens. Bl ue, 0, -panel 1. Height / 2, O,
panel 1. Height / 2);

g.Drawstring(" X', this.Font, Brushes. Bl ue,
panel 1. Wdth / 2 - 20, -20);

g.Drawstring("Y', this.Font, Brushes.Bl ue, 5,
-panel 1. Height / 2+5);

/1 Draw Ticks:

int tick = 40;

StringFormat sf = new StringFornat();
sf.Alignment = StringAlignnent. Far;
for (int i =-160; i <= 160; i += tick)
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{
g. DrawLi ne(Pens. Bl ue, i, -3, i, 3);
g. DrawLi ne(Pens. Bl ue, -3, i, 3, i);
Si zeF sizeXTick = g. MeasureString(i.ToString(),
this.Font);
if (i '=0)
g.Drawstring(i.ToString(), this.Font,
Brushes. Bl ue,
i + sizeXTick.Wdth / 2, 4f, sf);
g.Drawstring((-i).ToString(), this.Font,
Br ushes. Bl ue,
-3f, i - sizeXTick.Height / 2, sf);
}
el se
g.Drawstring("0", this.Font, Brushes. Bl ue,
new Poi nt F(i - sizeXTick.Wdth / 3, 4f), sf);
}
}
}
private void btnReset _Qick(object sender, EventArgs e)
{
/!l Reset paraneters to default val ues:
tbTransl ati onX Text = "0";
t bTransl ati onY. Text = "0Q0";
t bRot ai onAngl e. Text = "0";
panel 1. I nval i date();
}
private void bt nShow A ick(object sender, EventArgs e)
{
panel 1. I nval i date();
}

In this example, we consider the combination of two transformations: translation and rotation.
Within the Appl yTr ansf or mat i on method, we first bring the origin of the world coordinate
system to the center of the panel 1, and then perform the successive transformations: either the
translation first or rotation first depending on your selection. We set the Mat r i XOr der property
to Append, making sure that the order of transformations is correct.

As mentioned before, in transformation operations on a graphics object, the order of operations is
very important. A translation followed by a rotation is different from a rotation followed by a
translation, as illustrated in Figure 2-11 and Figure 2-12. In Figure 2-11, we first translate the
house object 100 pixels in the y direction, and then perform a rotation by 45 degrees (clockwise).
Please note that the rotation is always performed about the origin. That is why we get the result
shown in Figure 2-11.
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Figure 2-11 Transformation on the house object: translation followed by
rotation.

On the other hand, in Figure 2-12, we first rotate the house by 45 degrees (also clockwise) about
the origin, and then translate the house object in the y direction by 100 pixels. It is clear that the
final location of the house is very different from that in Figure 2-11. You can practice composite
transformations with different parameters by running this example.

Transformation of Multiple Objects in C#

As mentioned in Chapter 1, you can easily move objects to another position of the viewport by
zooming and panning. However, in this way, you will move all objects inside the viewport. If you
want to move a specific object without moving the others, you cannot use this method.

Instead you can apply transformations to the object you want to move. Here I will show you how
to perform operations on different objects separately. Let’s start with a new C# Windows
Application project, and call it Example2 5. In this project, we create two house objects, and then
apply different transformations on each one. This example is basically similar to the previous
Example2 4. The only difference is the Appl yTr ansf or mat i on and Dr awHouse methods.
Here is the code listing of the Appl yTr ansf or mat i on and Dr awHous e methods:
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MRS

Order
{3 Translation first
(%) Ratation First
Tranzlation
o 1]
dy 100
S
Rotation 160 120 B0 40 O A0 80 120 1ED
angle 404
and
I Show Besults l
20+
[ R ezet ]
160+

Figure 2-12 Transformation on the house object: rotation followed by
translation.

private void Appl yTransformati on(Q aphi cs g)

{
/1 Define a Pen and a HatchBrush objects used to draw house object:
Pen aPen = new Pen(Col or. Bl ack, 2);
Hat chBrush hb;

// Transformation on a horizontal -brick house:
if (cbHBri ckHouse. Checked)
{
/] Oeate a newtransformmatri x:
Matrix m= new Matrix();
/1 Bring originto the center:
m Transl at e(panel 1. Wdth / 2, panel 1. Height / 2);

/1l Translation:

int dx = Convert. Tol nt 16(t bRedTransl ati onX Text);
int dy = - Convert. Tol nt 16(t bRedTr ansl ati onY. Text);
m Transl at e(dx, dy, Matri xQrder. Append);

// Rotation:
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}

float angle = Convert. ToS ngl e(t bRedRot ai onAngl e. Text);
m Rot at eAt (angl e, new Poi nt F( panel 1. Wdt h/ 2,

panel 1. Hei ght/2), MatrixQ der. Append);
g. Transform=m

/1 Define horizontal brick brush:
hb = new Hat chBrush( Hat chStyl e. Hori zont al Bri ck,
Col or. Black, Color.Wite);

/1 Draw house object by calling DrawHouse net hod:
Dr awHouse(g, hb, aPen);

}

/1 Transformation on a di agonal - bri ck house:
i f (cbDBrickHouse. Checked)
{
/1 Oreate a new transformmatri x:
Matrix ml = new Matrix();
/1 Bring originto the center:
nml. Transl at e(panel 1. Wdth / 2, panel 1. Height / 2);

/1l Rotation:
float angle = Convert. ToS ngl e(tbQ eenRot ati onAngl e. Text);
ml. Rot at eAt (angl e, new Poi nt F( panel 1. Wdt h/ 2,

panel 1. Height/2), MatrixQder. Append);

/1 Translation:

int dx = Convert. Tol nt 16(t bG eenTransl ati onX Text);
int dy = - Convert. Tol nt 16(t bG eenTransl ati onY. Text);
ml. Transl at e(dx, dy, MatrixQ der. Append);

g. Transform= ni;

/1 Define diagonal -brick brush:
hb = new Hat chBrush(Hat chStyl e. b agonal Bri ck,
Col or. Bl ack, Color.Wite);

/1 Draw house obect by calling DrawHouse net hod:
DrawHouse(g, hb, aPen);

private void DrawHouse( @ aphi cs g, HatchBrush hb, Pen aPen)

{

Point[] pta = new Point[5];

pta[ 0] = new Point (-40, 40);
pta] 1] = new Poi nt (40, 40);
pta[2] = new Point (40, -40);
pta[3] = new Point (0, -80);
pta[4] = new Point (-40, -40);

g. Fi Il Pol ygon(hb, pta);
g. DrawPol ygon(aPen, pta);
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Inside the Appl yTr ansf or mat i on method, we define a Pen and a Hat chBr ush object that
will be passed to the Dr awHouse method to draw the house object. We then create two new
matrices, mand i, operatng on the horizontal-brick house and diagonal-brick house respectively.
For the horizontal-brick house object, we first apply the translation and then the rotation, while for
the diagonal-brick house, we reverse the transformation order: i.e., a rotation followed by a
translation. You can specify different sets of parameters for these two house objects, and see how
they move independently. You can view either both the house objects on the screen at the same
time, or just look at one house object by un-checking the other.

Figure 2-13 shows a sample output by setting a translation of 100 pixels in the x direction and a
rotation of 90 degrees for both house objects. You can see that their positions on the screen are
very different because the transformation was performed in different orders.

Using the procedure described in this example, you can create an unlimited number of graphics
objects inside a viewport, and move (by translation, rotation, scaling, and shearing) any specific
objects among them, according to requirements of your applications. You simply create a
transformation matrix and apply it to each object that you want to move.

HErick Houze N
160+
Tranzlation
de | 100 |
b | — 12|:|__
dp |0 ]
R aotation and
angle | 30|
DBrick House e
R otation . . . . . %
angle | 90 ABD 20 @0 -0 0 a0
Translation 04+
d« | 100
dy | 1]

Show Resultz

Figure 2-13 Transformations on two house projects.
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Text Transformation

Placing a simple text string on the screen is easy with visual C#. You can use labels to display
text, and text boxes to allow users to change text. Using For mor cont r ol s’ For eCol or and
BackCol or properties, you can specify the color of the text. The For mand control s also
have a Font property that determines the appearance of the text.

You can draw text directly on For mand control s using the G aphi cs. DrawStri ng
method. You can also apply various transformations to the text string. Transforming a text string
is very useful. For example, you might need a vertical text string for the y axis label of a 2D
charting program. Annotating charts with text and other explanatory material can improve the
ability of charts to convey information. In these cases, you need to place the text string in the right
position with the proper rotation angle.

As an example, we will create a new C# Windows Application project, Example2 6, based on the
previous project Example2 5. In this example, I will show you how to translate, rotate, scale, and
shear a text string. The main difference between the current project and Example2 5 lies in the
Appl yTr ansf or mati on and Dr awText methods:

private void Appl yTransformati on( G aphi cs g)

{
/1 Text Transfornation:
/1 Oreate a new transformmatrix:
Matrix m= new Matrix();
// Bring originto the center:
m Transl| ate(panel 1. Wdth / 2, panel 1. Height / 2);
/1 Transl ation:
int dx = Gonvert. Tol nt 16(t bTransl ati onX Text);
int dy = - Convert. Tolnt16(tbTransl ati onY. Text);
m Transl ate(dx, dy, MatrixQ der. Append);
/!l Rotation:
float angle = Convert. ToS ngl e(t bRot ai onAngl e. Text);
m Rot at eAt (angl e, new Poi nt F(panel 1. Wdth / 2,
panel 1. Height / 2), MatrixQ der. Append);
/1l Scaling:
float sx = Convert.ToS ngl e(tbScal eX Text);
float sy = Convert.ToS ngl e(thbScal eY. Text);
m Scal e(sx, SsYy);
// Sheari ng:
float shearx = Convert. ToS ngl e(tbShear X Text);
float sheary = Convert.ToSi ngl e(tbShearY. Text);
m Shear (shearx, sheary);
/1 Apply transformation matrix mto graphics object:
g. Transform=m
DrawText (g, Col or. Red);
}

private void DrawTlext (Q aphics g, Color col or)
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{
string str = thString. Text;
Font aFont = new Font("Arial", 12, FontStyle.Bold);
StringFormat sf = new StringFornat();
sf.Alignment = StringAlignnent. Center;
Sol i dBrush aBrush = new Sol i dBrush(col or);
g. Drawstring(str, aFont, aBrush, new PointF(0, 0), sf);
aFont . D spose();
aBr ush. Di spose();
}

In this example, you enter a text string into the corresponding textbox, and specify various
parameters for transformations of this text string. Building and running the project will obtain the
results shown in Figure 2-14. In this example, we translate the text string 150 pixels in the y
direction, then rotate it by 45 degrees (clockwise), followed by scaling and shearing as specified in
the figure. From this example you can see how to place, rotate, stretch, and shear a text string
anywhere on your screen.
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Figure 2-14 Transformations on a text string.
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Transformations in Graphics Class

In the above several subsections, we discussed the transformations in the Mat ri x class. In fact,
the Graphics class of C# and GDI+ also defines transformation functionalities. The
transformations in the G aphi cs class take place in the world coordinate system. The members
that specify the world transformation are stored in a matrix object. & aphi cs class has several
methods for setting the members in the world transformation matrix. These members in the
G aphi cs class are similar to those in the Mat ri x class as discussed previously. Here we list
the transformation members in the Gr aphi cs class:

* Transl ateTransf or m amethod that prepends the specified translation to the
transformation matrix of a Graphics object.

* Transl ated i p: amethod that translates the clipping region of a Graphics object by
specified amount in the horizontal and vertical directions.

* Rot at eTr ansf or m a method that applies a specified rotation to the transformation matrix
of a Graphics object.

» Scal eTransf or m a method that applies a specified scaling operation to the
transformation matrix of a Graphics object by prepending it to the object’s transformation
matrix.

Ml tiplyTransformamethod that multiplies the world transformation of a Graphics
object and a matrix object.

e Transform aproperty that represents the world transformation for a Graphics object.

Thus, in your graphics applications, you have the option to use either the transformations in the
Mat ri X class, as discussed in the previous sections, or the transformations in the Gr aphi cs
class. Please note that there is no method for shear i ng transformation in the Gr aphi cs class.
You have to use the Mat ri x class to perform shearing transformations.

Generally, for simple graphics transformations, it is convenient to use transformations in the
G aphi cs class, while for complicated transformations, you should use transformations in the
Mat ri x class.

For comparison, we will start with a new C# Windows Application project, Example2 7, that uses
the transformations defined in the Gr aphi cs class. This project is similar to the previous project
Example2 3. The following is its code listing:

usi ng System

usi ng System Dr awi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em W ndows. For ns;
namespace Exanpl e2_7

public partial class Fornl : Form

{
public Forni()

InitializeConponent();
/1l Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Pai nt += new Pai nt Event Handl er (panel 1Pai nt) ;
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}

private voi d panel 1Pai nt (obj ect sender, PaintEvent Args e)

{

Q aphi cs g = e. G aphi cs;
Dr anwAxes( Q) ;
Appl yTransf ornati on(g);

private void Appl yTransfornati on( G aphi cs g)

}

/!l Reset graphics matrix to identity matrx:

g. Reset Transforng);

// Bring origin to the center of the panel 1:

g. Transl at eTr ansf or n{ panel 1. Wdth / 2, panel 1. Height / 2);

if (rbTransl ation. Checked)

{
/1 Translation:
int dx = Convert. Tol nt 16(t bTransl ati onX Text);
int dy = - Convert. Tol nt 16(tbTransl ati onY. Text);
g. Transl at eTr ansf or n{dx, dy);

}
el se if (rbScal e. Checked)

/1 Scaling:

float sx = Convert. ToS ngl e(tbScal eX Text);
float sy = Convert. ToS ngl e(tbScal eY. Text);
g. Scal eTransf orn{sy, sy);

}

el se if (rbRotation. Checked)

{
/1 Rotation:
float angle = Convert. ToSi ngl e(t bRot ai onAngl e. Text ) ;
float x = Gonvert. ToS ngl e(tbRot at eAt X Text);
float y = - Convert.ToS ngl e(tbRotateAt Y. Text);
g.FlIBIlipse(Brushes.B ack, x - 4, y - 4, 8, 8);
g. Rot at eTransf or n{angl e) ;

}

el se i f (rbShear. Checked)

{
/'l Shear:
Matrix m= new Matrix();
float al pha = Convert. ToSi ngl e(tbShear X Text);
float beta = Convert. ToS ngl e(t bShearY. Text);
m Shear (al pha, beta);
g.- Ml tiplyTransforn(m;

}
Dr awHouse(g, ol or. Bl ack);

private void DrawHuse( G aphics g, Color color)

{

Hat chBrush hb = new Hat chBr ush(Hat chStyl e. Hori zont al Bri ck,
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}

col or, Color.Wite);

Pen aPen = new Pen(col or, 2);
Point[] pta = new Point[5];

pta[ 0] = new Point (-40, 40);
pta[ 1] = new Point (40, 40);
pta[2] = new Point (40, -40);
pta[3] = new Point(0, -80);
pta[4] = new Point (-40, -40);

g. Fi Il Pol ygon(hb, pta);
g. DrawPol ygon(aPen, pta);
aPen. D spose();

hb. D spose() ;

private void DrawAxes(Q aphics @)

{

/1 Myve the origin to center of panel 1:
g. Reset Transf orn() ;
g. Transl at eTransf orm{panel 1. Wdth / 2, panel 1. Height / 2);

// Draw x and y axes:
g. DrawLi ne(Pens. Bl ue, -panel 1. Wdth / 2, O,

panel 1. Wdth / 2, 0);

g. DrawLi ne(Pens. Bl ue, 0, -panel 1.Height / 2, O,

panel 1. Height / 2);

g.Drawstring(" X', this.Font, Brushes. Bl ue,

panel 1. Wdth / 2 - 20, -20);

g.Drawstring("Y', this.Font, Brushes.Bl ue, 5,

-panel 1. Hei ght / 245);

/1 Draw Ticks:

int tick = 40;

StringFormat sf = new StringFornat();
sf.Alignnent = StringAlignnent. Far;

for (int i =-200; i <= 200; i +=tick)
{
g. DrawLi ne(Pens. Bl ue, i, -3, i, 3);
g. DrawLi ne(Pens. Bl ue, -3, i, 3, i);

Si zeF sizeXTick = g. MeasureString(i.ToString(), this.Font);
if (i 1=0)

g.Drawstring(i.ToString(), this.Font, Brushes. B ue,
i + sizeXTick.Wdth / 2, 4f, sf);
g.Drawstring((-i).Tostring(), this.Font, Brushes. B ue,

-3f, i - sizeXTick.Height / 2, sf);
}
el se
{
g.Drawstring("0", this.Font, Brushes. Bl ue,
new Poi nt F(i - sizeXTick.Wdth / 3, 4f), sf);
}
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}
private void btnReset Qi ck(object sender, EventArgs e)
{
/!l Reset paraneters to default val ues:
tbTransl ati onX Text = "0";
t bTransl ati onY. Text = "0";
t bScal eX Text = "1";
t bScal eY. Text = "1";
t bRot ai onAngl e. Text = "0";
t bRot at eAt X Text = "0";
tbRotateAt Y. Text = "0";
t bShear X Text = "0";
tbSheary. Text = "0";
panel 1. I nval i date();
}
private void bt nShow Qi ck(object sender, EventArgs e)
{
panel 1. I nval i date();
}

}

Running this project will obtain the same results shown in Example? 3. Please note that the
shearing transformation has to be performed using a matrix transformation because there is no
shearing transformation in the G aphi cs class.



2D Line Charts

In the previous two chapters, we discussed graphics basics and matrix transformations in C#. This
chapter will show you how to apply the knowledge and approaches from these two chapters to
create a real-world charting application. We will discuss the common charting elements and their
implementation in a simple 2D X-Y line plot.

Your First Simple Line Chart

The most basic and useful type of chart that you may wish to create with C# is the simple 2D line
chart of numerical data. Visual C# and its graphics class library GDI+ provide a set of commands
and methods that can be used to create these charts. Even the most elementary 2D chart consists of
several basic elements, including the lines, symbols, axes, tick markers, labels, title, and legend
that make up the chart. The following list gives a quick overview of some of the most basic chart
elements without getting into details. These elements will often be referred to in this book:

*  Axes - a graphics object that defines a region of the chart in which the chart is drawn.
* Line - a graphics object that represents the data you have plotted.

»  Text - a graphics object that is comprised of a string of characters.

» Title - the text string object that is located directly above an axis object.

»  XLabel - the text string object associated with the X-axis.

83
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*  YLabel - the text string object associated with the Y-axis.

* Legend - the string array object that represents the color and values of the lines.

In the next few sections, we will discuss how to create various line charts using C#.

Basic Elements of 2D Line Charts

The X-Y line chart is probably the most basic, yet most useful plot you may want to create. It uses
two values to represent each data point. It is very useful describing relationships between data, and
is often used in statistical analysis of data. This type of chart has found wide applications in the
scientific, mathematic, engineering, and finance communities, as well as our daily lives.

Figure 3-1 shows the basic terms used to describe 2D X-Y chart elements. It can be seen from this
figure that the chart area element represents the area of the chart that contains data as well as title,
labels, tick markers, legend, and axes. Most line charts have two axes, X and Y. The title element
is used to display descriptive information about the chart. Sometimes, it is often omitted. The
legend element displays information about each data series of the chart, including line color,
symbol, and a text description about each data series. When creating a legend for a chart, you
should allow users to change its position, font, and background color.
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Figure 3-1 Basic chart elements of a 2D X-Y chart.

Sometimes a chart can have a secondary Y axis, called Y2. In this case, the chart is said to have
three axes: X, Y, and Y2. The plot area element represents the part of the chart area that is used to
display the data series, which is similar to the viewport discussed in Chapter 1. The lines and
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symbols used to represent the data series cannot be drawn outside this plot area. The tick markers,
X- and Y- labels, lines, and symbols are all self-explanatory.

Creating a Simple 2D Line Chart Using C#

It’s easy to create a 2D X-Y chart using C#. Let’s use an example to illustrate the procedure. Start
off with a new C# Windows Application project and call it Example3 1. The following is the code
listing of For niL class that generates a simple X-Y chart with two lines, representing Si ne and
Cosi ne functions respectively:

usi ng System
usi ng System Drawi ng;
usi ng Syst em W ndows. For ns;

nanespace Exanpl e3_1

public partial class Fornl : Form
{
/1 Define the draw ng area
private Rectangl e M ot Area;
[/ Wit defined in world coordinate system

private float xMn = Of;
private float xMax = 6;
private float yMn = -1. 1f;
private float yMax = 1. 1f;

private int nPoints = 61;
[/ WUnit in pixel:
private int offset = 30;

public Formi()

{
InitializeConponent();
Thi s. BackGCol or = Col or. Wi te;
this. Set Styl e(Control Styl es. Resi zeRedraw, true);
}
protected override voi d Pai nt (Pai nt Event Args e)
{

Q@ aphi cs g = e. @ aphi cs;

/1 Calculate the location and size of the plot area
/1 within which we want to draw the graphics:
Rectangl e Chart Area = di ent Rect angl e;
M ot Area = new Rect angl e( Chart Area. Locat i on,

Chart Area. S ze);
P otArea.Inflate(-of fset, -offset);

//Draw M ot Area:
g. DrawRect angl e(Pens. Bl ack, P ot Area);

/!l CGenerate Sine and Cosine data points to plot:
Point F[] pt1 = new Poi nt F[ nPoi nts];
Point F[] pt2 = new Poi nt F[ nPoi nt s];
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for (int i =0; i <nPoints; i++)

{
ptl[i] = new PointF(i / 5.0f, (float)Math.Sin(i/5.0f));
pt2[i] = new PointF(i / 5.0f, (float)Math.Cos(i/5.0f));

}

// Draw Sine and Cosine |ines:

for (int i =1; i <nPoints; i++)

{

g. DrawLi ne(Pens. Bl ue, Point2D(pt1[i - 1]),
Poi nt 2D(pt1[i]));

g. DrawLi ne(Pens. Red, Point2D(pt2[i - 1]),
Point2D(pt2[i]));

}
g. Di spose();

}
private Poi nt F Poi nt 2D( Poi nt F ptf)
{
Poi nt F aPoi nt = new Poi nt F();
if (ptf.X<xMn || ptf.X > xMax ||
ptf.Y <yMn || ptf.Y > yMax)
{
ptf.X = S ngl e. NaN
ptf.Y = Single. NaN
}
aPoint.X = PlotArea. X + (ptf.X - xMn) *
Mot Area. Wdth / (xMax - xMn);
aPoint.Y = Plot Area. Bottom- (ptf.Y - yMn) *
M ot Area. Height / (yMax - yMn);
return aPoint;
}

}

Building and executing the program produces the results shown in Figure 3-2.

How It Works

You might notice that most of the Example3 1 program is the same as Examplel 2, except that
we define two Poi nt F arrays that represent Si ne and Cosi ne functions. We move sequentially
through these arrays of values in Si he and Cosi ne functions, drawing lines from one data point
to the next:
for (int i =1; i <nPoints; i++)
{
g. DrawLi ne(Pens. Bl ue, Point2D(pt1[i - 1]), Point2D(pt1[i]));
g. DrawLi ne(Pens. Red, Point2D(pt2[i - 1]), Point2D(pt2[i]));



Chapter 3 2D Line Charts 87

Figure 3-2 2D chart for Sine and Cosine functions.

Again, we transform the original data points in the world coordinate system into points in the
device coordinate system using the Poi nt 2D method. Also note that we limited the lines to be
drawn only inside the plot area using an i f -statement in the Poi nt 2D method:

if (ptf.X<xMn || ptf.X > xMax || ptf.Y <yMn || ptf.Y > yMax)

ptf.X = S ngl e. NaN
ptf.Y = Single NaN
}

Here, when a point is located outside of the plot area, we set its X- and Y-components to be the
Si ngl e. NaN, meaning that they are not a number or not defined. Be careful with confining the
drawings inside the plot area using this approach. This method is only applicable in two situations:
a line has many data points (for example, at least 10), and there are points defined at or close to
the boundary of the plot area. Otherwise, some line segments may not be drawn. For example,
suppose that you are defining a line with three points, and that two end points are outside of the
plot area. In this case, when you call the g. Dr awlLi ne method, nothing will be drawn inside the
plot area because there is only one valid point. In this situation, you need to use the viewport
based on the dr awi ngPanel , as discussed in Chapter 1.

Changing Chart Position

Another point I like to make here is that we define the Chart Area as the Cl i ent Rect angl e,
i.e., the entire area of For ml. In some cases, you may want the chart to occupy only a portion of
For mL, while in some other situations, you may want to move the chart to a particular position in
For miL. This can be achieved by redefining the Chart Area without touching the rest of the code.
For example, replace the following code in Example3 I:

Rectangl e Chart Area = dient Rectangl e;
with the following code snippet:

Rectangl e Chart Area = new Rect angl e(50, 50,
dientRectangl e. Wdth - 70, dientRectangl e. Hei ght-70);
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g. DrawRect angl e(Pens. Li ght Coral , Chart Area);

In this case, the chart area is reduced compared to For mil and moved to the bottom-right corner.
By redefining the chart area, you can place your chart anywhere you like.

Creating Line Charts Using ArrayList

In the above example, we demonstrated how easy it is to create a simple line plot in C#, but didn’t
pay much attention to the program structure. We used a 1D point array to represent the data
points. A problem with this method is that you must predetermine the number of points in order to
use this point array. This is not very convenient if the number of points in your applications grow
dynamically, such as in real-time stock charts. A way to avoid this problem is to use the
ArrayLi st instead of a 1D point array. For the program to be more object-oriented and easily
extend to add new features, we will define four new classes, including Dat aCol | ecti on,
Dat aSeri es, Chart Styl e, and Li neStyl e. The Chart Styl e class includes all chart-
layout-related information. The Dat aCol | ecti on class holds the Dat aSer i es, with each
Dat aSer i es representing one curve on the chart. The Dat aSer i es class holds the chart data
and line styles. The Li neSt yl e class is used to specify the line color, thickness, dash style, etc.

Chart Style

Let’s create a new C# Windows Application project, and call it Example3 2. Right click on the
Example3 2 project in the solution explorer, choose Add|Class... and change the class name to
Chart Styl e. cs. Add the other three classes, Dat aCol | ecti on. cs, Dat aSeri es. cs,
and LineStyle.cs, to the project in the same manner. We will first examine the
Chart Styl e class. The following is its code listing:

usi ng System
usi ng System Drawi ng;
usi ng System Draw ng. Drawi ng2Db,

namespace Exanpl e3_2

{
public class ChartStyle

{
private Fornl forni;
private Rectangl e chartArea;
private Rectangl e pl ot Area;
private Col or chartBackCol or;
private Col or chart Border Col or;
private Col or plotBackCol or = Col or. Wi te;
private Col or pl ot BorderCol or = Col or. Bl ack;

private float xLinmMn = Of;
private float xLimvax = 10f;
private float yLimMn = Of;
private float yLi mvax = 10f;

public ChartStyl e(Fornl fni)

{
forml = fni;
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chart Area = fornl. dient Rect angl e;
chart BackQol or = fmil. BackCol or;
chart Border Col or = fni. BackCol or;
Pl ot Area = chart Area;

}
public Col or Chart BackCol or
{
get { return chartBackCol or; }
set { chartBackCol or = val ue; }
}
public Col or Chart Border Col or
{
get { return chartBorderCol or; }
set { chartBorderCol or = val ue; }
}
public Col or Pl ot BackCol or
{
get { return plotBackCol or; }
set { plotBackCol or = val ue; }
}
public ol or Pl ot BorderCol or
{
get { return plotBorderCol or; }
set { plotBorderCol or = val ue; }
}
public Rectangl e Chart Area
{
get { return chartArea; }
set { chartArea = val ue; }
}
public Rectangle Pl ot Area
{
get { return plotArea; }
set { plotArea = value; }
}
public float XLi mvax
{
get { return xLinmax; }
set { xLinMax = value; }
}
public float XLinmMn
{

get { return xLinMn; }
set { xLinMn = value; }
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public float YLi mvax
{
get { return yLinmax; }
set { yLinmvax = value; }
}

public float YLinmMn
{
get { return yLinMn; }
set { yLinMn = value; }
}

public void AddChart Styl e( G aphics g)

{
/1 Draw Chart Area and Pl ot Area:
Pen aPen = new Pen( Chart Border Col or);
Sol i dBrush aBrush = new Sol i dBrush( Char t BackCol or) ;
g. Fi Il Rectangl e(aBrush, ChartArea);
g. DrawRect angl e(aPen, ChartArea);
aPen = new Pen( P ot Bor der Col or, 1f);
aBrush = new Sol i dBrush( Pl ot BackCol or);
g. Fil | Rectangl e(aBrush, M ot Area);
g. DrawRect angl e(aPen, Pl otArea);
aPen. D spose() ;
aBr ush. Di spose();

}

publ i c PointF Poi nt 2D( Poi nt F pt)

{
Poi nt F aPoi nt = new Poi nt F();

if (pt.X < XuimMn || pt.X > XLinvax ||
pt.Y < YLinMn || pt.Y > YLi nvax)
{

pt.X = Singl e. N\aN
pt.Y = Single. NaN

}
aPoint.X = PlotArea. X + (pt.X - XLinMn) *

Pl ot Area. Wdth / (XLimvax - XLinMn);
aPoint.Y = PlotArea. Bottom- (pt.Y - YLinMn) *
Pl ot Area. Height / (YLiniax - YLinMn);

return aPoint;

}

We first pass For il to this class because we need to use the Cl i ent Rect angl e of For ml as
the default value of the Char t Ar ea. Then we create various member fields that can be used to
manipulate the chart layout, including Pl ot Ar ea, Chart Ar ea, the background color of the
chart, and the limits of the axes. Next, we define corresponding public properties for these fields
using the Get and Set statements. The default values of these public properties can be overrided
according to your application requirements. The real action happens inside the public method
AddChart St yl e, which places the specified chart layout to your chart. We also move the



Chapter 3 2D Line Charts 91

Poi nt 2D method from the original For nil class to the Chart St yl e class, making the codes
clearer and more readable.

Data Collection

The following is the code listing of the Dat aCol | ect i on class:

usi ng System

usi ng System Col | ecti ons;

usi ng System Dr awi ng;

usi ng System Drawi ng. Drawi ng2Db;

namespace Exanpl e3_2
public class DataCol |l ection

{
private Arraylist dataSeriesList;

private int dataSerieslndex = 0;

public DataCol | ection()

{
dat aSeri esLi st = new ArrayList();
}
public ArrayLi st DataSerieslLi st
{
get { return dataSeriesList; }
set { dataSeriesList = value; }
}
public int DataSerieslndex
{
get { return dataSerieslndex; }
set { dataSerieslndex = val ue; }
}

public void Add(DataSeries ds)

dat aSeri esLi st. Add(ds);
if (ds.SeriesNane == "Default Nane")
{
ds. Seri esNane = "DataSeries" +
dat aSeri esLi st. Count. ToString();

}

public void Insert(int dataSerieslndex, DataSeries ds)
{

dat aSeri esLi st. | nsert (dat aSeri esl ndex, ds);

if (ds.SeriesNane == "Default Nanme")

dat aSeri esl ndex = dat aSeriesl ndex + 1;
ds. Seri esNane = "DataSeri es" +
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dat aSeri esl ndex. ToStri ng();
}
public void Renove(string dataSeri esNane)

if (dataSeriesList = null)

{
for (int i =0; i < dataSeriesList.Count; i++)
{
Dat aSeries ds = (DataSeries)dataSeriesList[i];
if (ds.SeriesName == dat aSeri esNane)
dat aSeri esLi st. RenoveAt (i);
}
}
}
}
public void RenoveA l ()
{
dat aSeri esList.dear();
}

public void AddLi nes(QGaphics g, ChartStyle cs)

/1 Mot lines:
foreach (DataSeries ds in DataSeriesList)

if (ds.LineStyle.lsVisible == true)

{
Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,

ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. Li neStyl e. Pattern;
for (int i =1; i <ds.PointList.Count; i++)

g. DrawLi ne( aPen,
cs. Poi nt 2D( (Poi nt F)ds. Poi ntList[i - 1]),
cs. Poi nt 2D( (Poi nt F) ds. Poi nt List[i]));

aPen. D spose();

The Dat aCol | ecti on class is used to hold the Dat aSer i es. We start off by introducing two
member fields: dat aSeri esLi st and dat aSeri esl ndex. The dat aSeri esLi st field
holds the Dat aSeri es, and the dat aSeri esl ndex represents the index of a particular
Dat aSer i es object in the dat aSeri esLi st . Then, we create properties for these two fields
using the Get and Set statements. Next we define several methods, including Add, | nsert,
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Ronpve, and RenoveAl | . These methods allow us to add, insert, and remove Dat aSeri es to
or from the dat aSeri esLi st. The RenoveAl | method removes all Dat aSer i es in the
dat aSeri eslLi st.

There is an important method in this class, AddLi nes, which was originally defined in For ni in
Example3 1. This method draws lines wusing the DataSeries objects in the
Dat aCol | ecti on class. For each data series, we create a new Pen using different
Li neStyl e properties. Then we move sequentially through the Poi ntList in each
Dat aSeri es, and draw a line from one data point to the next using a-f or loop. Also note how
we finish by disposing of the Pen and the Gr aphi cs object.

Data Series
The following is the code listing of the Dat aSeri es class:

usi ng System
usi ng System Col | ecti ons;
usi ng System Draw ng;

nanespace Exanpl e3_2

{

public class DataSeries

{
private Arraylist pointList;
private LineStyle |lineStyle;
private string seriesNane = "Default Nane";

public DataSeries()

{
lineStyle = new LineStyle();
poi ntLi st = new ArrayList();
}
public LineStyle LineStyle
{
get { return lineStyle; }
set { lineStyle = val ue; }
}
public string SeriesName
{
get { return seriesNane; }
set { seriesNane = value; }
}
public ArrayList PointList
{
get { return pointList ; }
set { pointList = value; }
}

public void AddPoi nt (Poi ntF pt)
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{
poi nt Li st. Add(pt);
}
}
}
In this class, we start off by creating three member fields: poi ntLi st, | i neStyl e, and

seri esNane. The poi nt Li st field is an Arr ayLi st object that holds the data points to be
plotted on the chart, and the | i neSt yl e field is an object of the Li neStyl e class that
specifies the line color, thickness, and dash style. The ser i esNane field allows you to assign a
name to the Dat aSeri es, which will be used later in the chart legend. We also create
corresponding public properties to get and set these fields. In this way, we can access various line
style properties from the DataSeries class. Finally, an AddPoi nt method in the
Dat aSeri es class is implemented, enabling you to add the data points to the Poi nt Li st .

Line Style

The code of Li neSt yl e class is listed in the following:

usi ng System
usi ng System Drawi ng;
usi ng System Drawi ng. Drawi ng2Db;

nanespace Exanpl e3_2

public class LineStyle
{
private DashStyle linePattern = DashStyl e. Soli d;
private Color |ineColor = Col or. B ack;
private float LineThickness = 1.0f;
private bool isVisible = true;

public LineStyle()

{
}
public bool IsVisible
{
get { return isVisible; }
set { isVisible = value; }
}
virtual public DashStyle Pattern
{
get { return linePattern; }
set { linePattern = val ue; }
}
public float Thi ckness
{

get { return LineThi ckness; }
set { LineThi ckness = val ue; }
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}
virtual public Col or LineCol or
{
get { return lineColor; }
set { lineColor = val ue; }
}

}

The Li neSt yl e class is straightforward. The first three member fields are standard line styles:
color, thickness, and dash style. The fourth field is the i sVi si bl @ which allows you to
selectively turn the line’s visibility on or off. The rest of the class consists of definitions of
corresponding properties for these fields using the Get and Set statements.

Forml1 class

The following is the code listing of the For nil class:

usi ng System

usi ng System Drawi ng;

usi ng System Drawi ng. Dr awi ng2Db;
usi ng System Col | ecti ons;

usi ng System W ndows. For ns;

nanespace Exanpl e3_2
{
public partial class Fornl : Form
{
private DataCol | ection dc;
private ChartStyl e cs;

publ i c Formil()
{
InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
dc = new DataCol | ection();
cs = new Chart Styl e(this);
cs. XLinMn = Of;
cs. XLi mvax of ;
cs.YLimMn -1.1f;
cs. YLi nMax = 1. 1f;

}

protected override voi d nPai nt (Pai nt Event Args e)
{

Q aphi cs g = e. G aphi cs;

cs.ChartArea = this. dientRectangl e;

AddDat a() ;

Set Pl ot Area(g);

cs. AddChart Styl e(g);

dc. AddLi nes(g, cs);

g. D spose();
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}

public void AddDat a()

{
dc. Dat aSeri esList.dear();
/1 Add Sine data with 20 data points:
Dat aSeries dsl = new DataSeries();
dsl. Li neStyl e. Li neCol or = Col or. Red;
dsl. Li neStyl e. Thi ckness = 2f;
dsl. LineStyl e. Pattern = DashStyl e. Dash;
for (int i =0; i <20; i++)

ds1. AddPoi nt (new Poi nt F(i / 5.0f,
(float)Math.Sin(i / 5.0f)));

}
dc. Add(ds1);

/1 Add Cosine data with 40 data points:
Dat aSeri es ds2 = new DataSeries();

ds2. Li neStyl e. Li neCol or = Col or. Bl ue;
ds2. Li neStyl e. Thi ckness = 1f;

ds2. LineStyle. Pattern = DashStyl e. Soli d;
for (int i =0; i <40; i++)

ds2. AddPoi nt (new Poi nt F(i / 5. 0f,
(float)Math. Cos(i / 5.0f)));

}
dc. Add(ds2);
}

private void SetPl ot Area( @ aphics Q)

{
/] Set M otAea:

int x(Oifset = cs.Chart Area. Wdth / 10;

int yOfset = cs.ChartArea. Height / 10;

/1 Define the plot area:

int plotX = cs.Chart Area. X + x(O f set;

int plotY = cs.ChartArea. Y + yOfset;

int plotWdth = cs.Chart Area. Wdth - 2 * xOfset;

int plotHeight = cs.ChartArea. Height - 2 * yOfset;

cs.Plot Area = new Rectangl e(plot X, plotY, plotWdth, plotHeight);

}

In this class, we begin by creating instances for Chart St yl e and Dat aCol | ect i on. Inside
For mL’s instructor, we override the axis limit properties which have been originally defined in
Chart St yl e class, to meet the requirements of the current application. We implement three
methods in this class: OnPai nt, AddDat a, and Set Pl ot Ar ea. We override the Pl ot Ar ea
property by redefining its size in the Set Pl ot Ar ea method using the code snippet:

cs.PlotArea = new Rectangl e(plot X, plotY, plotWdth, plotHeight);
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If you do not override this property, the default value will be used, which is the Chart Ar ea
defined in Chart Styl e class. In real-world applications, you should set the Pl ot Ar ea
property carefully in the Set Pl ot Ar ea method. Generally, the users of your programs should
not have to define this property so that they can concentrate on their data processing, instead of
the chart layout.

The real action happens inside the AddDat a method. Please pay attention to how we add
Dat aSer i es objects to the Dat aCol | ect i on class:

dc. Dat aSeri esList.d ear();

/1 Add Sine data with 20 data point:
Dat aSeries dsl = new DataSeries();

dsl. Li neStyl e. Li neCol or = Col or. Red;
dsl. Li neStyl e. Thi ckness = 2f;

dsl. LineStyl e. Pattern = DashStyl e. Dash;
for (int i =0; i <20; i++)

ds1. AddPoi nt (new Poi nt F(i / 5.0f,
(float)Math.Sin(i / 5.0f)));

}
dc. Add(ds1);

We first clear up the Dat aSeri esLi st, an object of the Dat aCol | ect i on class, to make
sure there are no old Dat aSeri es objects left. Then, we create a Dat aSer i es object, ds1,
and define its Li neSt yl e properties. We add data points to the ds1. Poi nt Li st using the
ds1. AddPoi nt method. Finally, we add the data series ds1 to the Dat aCol | ect i on class
using the dc. Add method. This way, you can add any number of Dat aSer i es objects to the
Dat aCol | ecti on. The AddLi nes method in the Dat aCol | ecti on class draws curves on
the chart for all the Dat aSer i es objects inside the Dat aCol | ecti on using a f oreach
loop:

foreach (DataSeries ds in DataSeriesList)

{

}

Inside the OnPai nt method, we plot the Sine and Cosine data by calling various methods. Please
note that we redeclare the Char t Ar ea:

cs.ChartArea = this.dientRectangl e;

This is just the default value for the Chart Ar ea property, as defined in the Chart Styl e
class, so why do we redefine it here? The reason is to give your chart the capability to resize
when For mil gets resized. Otherwise, the size of your chart is fixed regardless if For mil is
resized or not.

Testing Project

Building and running the project Example4 2 produces the result shown in Figure 3-3.
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Figure 3-3 Sine and Cosine chart generated from Example3_2.

Gridlines and Labels

In the above subsection, only the lines for the Si ne and Cosi ne functions were drawn on the
chart. In this section, we will add more elements to the 2D line chart, including gridlines, a title,
tick marks, and labels for axes. Let’s start with a new example project Example3 3, that is based
on the previous example, Example3 2. We will modify some codes in the Chart Styl e and
For mL classes. The other classes, Dat aCol | ecti on, Dat aSeri es, and Li neStyl e, will
be kept the same as in Example3 2.

Modifying Form1 Class

There are two places in the For mil class that need to be modified. First, change the constructor of
For mi to the following:

public Forml()
{
InitializeConponent();
SetStyle(Control Styl es. Resi zeRedraw, true);
/1 Set Fornl size:
this. Wdth = 350;
this. Height = 300;
dc = new DataCol | ection();
cs = new Chart Syl e(this);

cs. XLinMn = Of;
cs. XLi mvax = 6f;
cs.YLinMn = -1. 5f;
cs. YLi mvax = 1.5f;
cs. XTick = 1f;

cs. YTick = 0. 5f;

cs. TickFont = new Font ("Arial", 7, FontStyle.Regul ar);
cs. XLabel = "X Axis";
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cs. YLabel = "Y Axis";

cs.Title = "Sine & Cosine Pl ot";

cs.TitleFont = new Font ("Arial", 10, FontStyle.Regul ar);
}

Here, we change the size of For mlL to 350x300 to display the chart on screen more clearly.
Then we override the tick font, labels, and title properties. There are more features in the
Chart Styl e class that you can play with, this example simply shows you how to set some of
these properties.

Another area you need to modify is the Set Pl ot Ar ea method. Since the labels of the axes, title,
and tick markers all have an effect on the size of the Pl ot Ar ea, the implementation of this
method becomes more complicated than that of the previous project. Here is the code snippet of
this method:

private void SetPl ot Area(G aphics Q)
{
/1l Set P otArea:
float xCffset = cs. ChartArea. Wdth / 30. Of;
float yGOfset = cs. ChartArea. Height / 30.0f;
Si zeF | abel Font Si ze = g. MeasureStri ng("A", cs. Label Font);
SizeF titleFontSize = g. MeasureString("A", cs.TitleFont);
if (cs.Title. Topper() == "NO TITLE")
{
titleFontS ze. Wdth = 8f;
titl eFont S ze. Hei ght = 8f;

float xSpacing = xCffset / 3.0f;
float ySpacing = yCffset / 3.0f;
Si zeF tickFontS ze = g. MeasureString("A", cs. TickFont);
float tickSpacing = 2f;
Si zeF yTi ckS ze = g. MeasureStri ng(
cs.YLimMn. Tostring(), cs.TickFont);
for (float yTick = cs. YLinMn;
yTi ck <= cs. YLi mivbx; yTick += cs. YTi ck)

{
Si zeF tenpSi ze = g. MeasureStri ng(
yTick. ToString(), cs.TickFont);
if (yTickS ze.Wdth < tenpSi ze. Wdt h)
yTi ckSi ze = tenpS ze;
}
}

float lefthMargin = xCOffset + | abel Font Size. Wdth +
xSpaci ng + yTi ckSi ze. Wdth + tickSpaci ng;
float rightMargin = 2 * x(ff set;
float tophMargin = yOifset + titleFontS ze. Hei ght + ySpaci ng;
float bottomMargin = yOfset + |abel Font S ze. Hei ght +
ySpaci ng + tickSpacing + tickFontSi ze. Hei ght;

/1 Define the plot area with one Y axis:

int plotX = cs.ChartArea. X + (int)leftMrgin;
int plotY = cs.ChartArea. Y + (int)topMargin;
int plotWdth = cs. Chart Area. Wdth —
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(int)leftMargin - (int)rightMargin;
int plotHeight = cs.Chart Area. Hei ght —
(int)topMargin - (int)bottomnvargin;
cs.Plot Area = new Rectangl e(plotX, plotY, plotWdth, plotHeight);
}

Please note how we take the font size of the label, title, and ticks into consideration when
determining the Pl ot Area size. We measure the font size using the g. MeasureString
method:

Si zeF | abel Font Size = g. MeasureString("A", cs. Label Font);

SizeF titleFontSize = g. MeasureString("A", cs.TitleFont);
Si zeF tickFontSi ze = g. MeasureString("A", cs. TickFont);

We also find the maximum string size of the tick markers, making sure that there is enough room
for the axis labels:

Si zeF yTi ckS ze = g. MeasureStri ng(
cs.YLimMn. Tostring(), cs.TickFont);
for (float yTick = cs.YLinMn;
yTi ck <= cs. YLi nmivbx; yTick += cs. YTi ck)

{
Si zeF tenpSi ze = g. MeasureStri ng(
yTick. ToString(), cs.TickFont);
if (yTickS ze.Wdth < tenpSi ze. Wdt h)
yTi ckSi ze = tenpS ze;
}
}

Taking all these factors into account, we determine the margins of the Pl ot Ar ea relative to the
Chart Ar ea, and we are finally able to create the Rect angl e of Pl ot Ar ea.

Modifying Chart Style

Compared to the previous project, here we add more features to the Chart St yl e class. The
following is the code listing of this class:

usi ng System

usi ng System Col | ecti ons;

usi ng System Dr awi ng;

usi ng System Drawi ng. Drawi ng2Db;

nanmespace Exanpl e3_3

public class ChartStyle
{
private Fornl forni;
private Rectangl e chartArea;
private Rectangl e pl ot Area;
private Col or chartBackCol or;
private Col or chart Border Col or;
private Col or pl ot BackCol or = Col or. Wi te;
private Col or pl ot BorderCol or = Col or. Bl ack;
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private float xLimMn = Of;
private float xLinhMax = 10f;
private float yLimMn = Of;
private float yLi nhax = 10f;

private DashStyle gridPattern = DashStyle. Sol i d;
private Color gridColor = Col or. Li ght G ay;
private float gridLineThickness = 1.0f;

private bool isX@id = true;

private bool isY&id = true;

private string xLabel = "X Axis";
private string yLabel ="Y Axis";
private string sTitle = "Title";

private Font |abel Font = new Font("Arial", 10,
Font Styl e. Regul ar) ;

private Col or |abel FontGol or = Col or. Bl ack;

private Font titleFont = new Font("Arial", 12,
Font Styl e. Regul ar) ;

private Color titleFontCol or = Col or. Bl ack;

private float xTick = 1f;

private float yTick = 2f;

private Font tickFont;

private Col or tickFont Col or = Col or. Bl ack;

public Chart Styl e(Fornl fni)

{
forml = fni;
chart Area = fornil. di ent Rectangl e;
chart BackCol or = fnil. BackCol or;
chart Bor der Col or = fmi. BackCol or;
Pl ot Area = chart Area;
ti ckFont = forml. Font;
}
public Font Ti ckFont
{
get { return tickFont; }
set { tickFont = value; }
}
public ol or TickFont Col or
{
get { return tickFontGolor; }
set { tickFontCol or = val ue; }
}
public Gol or Chart BackCol or
{
get { return chartBackColor; }
set { chartBackCol or = value; }
}
public ol or Chart Border Col or
{

get { return chartBorderColor; }
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set { chartBorderCol or = val ue; }

}
public Col or Pl otBackCol or
{
get { return plotBackColor; }
set { plotBackCol or = val ue; }
}
public Col or Pl ot BorderCol or
{
get { return plotBorderCol or; }
set { plotBorderCol or = val ue; }
}
public Rectangle Chart Area
{
get { return chartArea; }
set { chartArea = val ue; }
}
public Rectangl e Pl ot Area
{
get { return plotArea; }
set { plotArea = val ue; }
}
public bool IsX@id
{
get { return isX@id; }
set { isX@id =value; }
}
public bool 1sYQid
{
get { return isy@id; }
set { isYQid =value; }
}
public string Title
{
get { return sTitle; }
set { sTitle = value; }
}
public string Label
{
get { return xLabel; }
set { xLabel = value; }
}
public string YLabel
{

get { return ylLabel; }



Chapter 3 2D Line Charts

103

set { yLabel = value; }

public Font Label Font

{
get { return | abel Font; }
set { |abel Font = val ue; }
}
public ol or Label Font Col or
{
get { return | abel FontCol or; }
set { |abel FontCol or = value; }
}
public Font TitleFont
{
get { return titleFont; }
set { titleFont = val ue; }
}
public Color TitleFont Col or
{
get { return titleFontColor; }
set { titleFontColor = value; }
}
public float XLi mvax
{
get { return xLinmax; }
set { xLinMax = value; }
}
public float XLinMn
{
get { return xLinMn; }
set { xLimMn = value; }
}
public float YLi nivax
{
get { return yLinmvax; }
set { yLinMax = value; }
}
public float YLinMn
{
get { return yLinMn; }
set { yLinMn = value; }
}
public float XTick
{

get { return xTick; }
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set { xTick = val ue; }

}
public float YTick
{
get { return yTick; }
set { yTick = val ue; }
}
virtual public DashStyle GidPattern
{
get { return gridPattern; }
set { gridPattern = value; }
}
public float GidThickness
{
get { return gridLi neThi ckness; }
set { gridLi neThi ckness = val ue; }
}
virtual public Color @i dCol or
{
get { return gridColor; }
set { gridColor = val ue; }
}
public void AddChart Styl e( G aphi cs g)
{

// Draw Chart Area and Pl ot Area:

Pen aPen = new Pen(Chart Border Col or, 1f);

Sol i dBrush aBrush = new Sol i dBrush( Char t BackCol or) ;
g. Fi Il Rectangl e(aBrush, ChartArea);

g. DrawRect angl e(aPen, ChartArea);

aPen = new Pen( P ot Bor der Col or, 1f);

aBrush = new Sol i dBrush(P ot BackCol or);

g. Fi |l I Rectangl e(aBrush, P otArea);

g. DrawRect angl e(aPen, Pl otArea);

Si zeF tickFontSize = g. MeasureString("A', TickFont);

/1l Oreate vertical gridlines:
float fX fY;
if (IsYGid == true)
{
aPen = new Pen(Q&idCol or, 1f);
aPen. DashStyle = QidPattern;
for (fX =XLnMn + XTick; fX < XLinmvax; fX += XTick)
{
g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(f X, YLi M n)),
Poi nt 2D( new Poi nt F(f X, YLi nivax)));

}

/!l Create horizontal gridlines:
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}

if (IsX@id == true)

{
aPen = new Pen(QidCol or, 1f);
aPen. DashStyle = QidPattern;
for (fY =YLinMn + YTick; fY < YLinmvax; fY += YTick)
{
g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(XLinM n, fY)),
Poi nt 2D( new Poi nt F( XLi mvax, fY)));
}
}

/1 Oreate the x-axis tick marks:
aBrush = new Sol i dBrush(Ti ckFont Col or);
for (fX =XLinMn; fX <= XLinmvax; fX += XTick)
{
Poi nt F yAxi sPoi nt = Poi nt 2D(new Poi nt F(f X, YLinMn));
g. DrawLi ne(Pens. Bl ack, yAxi sPoi nt,
new Poi nt F(yAxi sPoi nt. X, yAxisPoint.Y - 5f));
StringFormat sFormat = new StringFormat();
sFormat. Alignment = StringAlignnent. Far;
Si zeF si zeXTick = g. MeasureString(fX ToString(),
Ti ckFont ) ;
g.Drawstring(f X ToString(), TickFont, aBrush,
new Poi nt F(yAxi sPoi nt. X + sizeXTick. Wdth / 2,
yAXi sPoint.Y + 4f), sFormat);

}

/] Create the y-axis tick marks:
for (fY = YLinmMn; fY <= YLinMax; fY += YTick)
{
Poi nt F xAxi sPoi nt = Poi nt 2D(new Poi nt F(XLi nM n, fY));
g. DrawLi ne(Pens. Bl ack, xAxi sPoi nt,
new Poi nt F(xAxi sPoi nt. X + 5f, XxAxisPoint.Y));
StringFormat sFormat = new Stri ngFormat () ;
sFormat. Ali gnnent = StringAlignnent. Far;
g.Drawstring(fY. ToString(), TickFont, aBrush,
new Poi nt F(xAxi sPoint. X - 3f,
XAxi sPoint.Y - tickFontS ze.Height / 2), sFornat);

}

aPen. D spose();
aBr ush. Di spose();
AddLabel s(g);

private void AddLabel s(G aphi cs g)

{

float xCifset = chartArea. Wdth / 30. Of ;
float yOfset = chart Area. Height / 30.0f;
Si zeF | abel Font S ze = g. MeasureStri ng(" A", Label Font);
SizeF titleFontSize = g. MeasureString("A', TitleFont);

/1 Add horizontal axis |abel:
Sol i dBrush aBrush = new Sol i dBrush( Label Font Col or) ;
Si zeF stringS ze = g. MeasureStri ng( XLabel , Label Font);
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g. Drawstri ng( XLabel , Label Font, aBrush,
new Poi nt (Pl ot Area. Left + PlotArea. Wdth / 2 -
(int)stringS ze.Wdth / 2, ChartArea. Bottom -
(int)yCifset - (int)label FontS ze. Height));

/1 Add y-axis |abel:
StringFormat sFormat = new StringFornat();
sFormat. Ali gnnent = StringAlignnent. Center;
stringS ze = g. MeasureStri ng( YLabel , Label Font);
I/l Save the state of the current G aphics object
Q aphi csState gState = g. Save();
g. Transl at eTr ansf or n{ xf f set,

yCifset + titleFontS ze. Hei ght

+ yCffset /| 3 + PlotArea. Height / 2);
g. Rot at eTransf or n{- 90) ;
g. Drawstri ng( YLabel , Label Font, aBrush, 0, 0, sFormat);
/1l Restore it:
g. Restore(gState);

/1 Add title:

aBrush = new Sol i dBrush(Titl eFont Col or);
stringS ze = g. MeasureString(Title, TitleFont);
if (Title. ToUpper() !'= "NO TITLE")

g. Drawstring(Title, TitleFont, aBrush,
new Poi nt (Pl ot Area. Left + PlotArea. Wdth / 2 -
(int)stringS ze.Wdth / 2,
ChartArea. Top + (int)yCOifset));

}
aBr ush. Di spose();

}
publ i ¢ Poi nt F Poi nt 2 Poi nt F pt)
{
Poi nt F aPoi nt = new Poi nt F();
if (pt.X<XuinMn || pt.X > XLinmvax ||
pt.Y < YLimMn || pt.Y > YLi niax)
{
pt.X = S ngl e. NaN
pt.Y = Singl e. \aN
}
aPoint.X = PlotArea. X + (pt.X - XLinMn) *
Pl ot Area. Wdth / (XLi ndax - XLinMn);
aPoint.Y = Plot Area. Bottom- (pt.Y - YLinMn) *
M ot Area. Hei ght / (YLi mvax - YLinmMn);
return aPoint;
}

}

To this class, we add more member fields and corresponding properties, which can be used to
manipulate the chart layout and appearance. You can easily understand the meaning of each field
and property from its name. We also add the following member fields to define the chart gridlines

private DashStyle gridPattern = DashStyl e. Soli d;
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private Color gridCol or = Col or. Li ght G ay;
private float gridLineThi ckness = 1. 0f;
private bool isX&id = true;

private bool isY&id = true;

These fields and corresponding properties provide a great deal of flexibility when customizing the
look of the gridlines. The gri dPatt er n field allows you to choose various line dash styles,
including solid, dash, dot, dash-dot, etc. You can change the gridlines’ color and line thickness
using the gri dCol or and gri dLi neThi ckness fields. In addition, we implement two bool
fields, i sSXGri d andi sYG i d, that allow you to turn horizontal or vertical grids on or off.

We then define member fields for the X- and Y-Labels, title, and the ticks:

private string xLabel = "X Axis";
private string yLabel ="Y Axis";
private string sTitle = "Title";

private Font |abel Font = new Font ("Arial", 10,
Font Styl e. Regul ar) ;

private Col or | abel Font Col or = Col or. Bl ack;

private Font titleFont = new Font("Arial", 12,

Font Styl e. Regul ar) ;

private Color titleFontColor = Col or. Bl ack;

private float xTick = 1f;

private float yTick = 2f;

private Font tickFont;

private Col or tickFont Col or = Col or. Bl ack;

These fields and their corresponding properties let you change the labels, title, and tick marks, as
well as their font and text color. If you set the Ti t | € property to “No Title”, there will be no title
displayed on the chart.

Gridlines and Ticks

The AddChart St yl e method seems quite complicated in this class; however, it is actually
reasonably easy to follow what is happening. First we draw the Chart Ar ea and Pl ot Ar ea
with specified background color and borders, as we did in the previous project. Next, we create a
Pen object with the Gri dCol or and the dash style specified by the Gri dPat t er n property,
and use the Dr awLi ne method to draw the gridlines. Please note that all the end points of the
gridlines have been transformed from the world coordinate system to the device coordinate system
through the Poi nt 2D method.

We then draw the tick marks for the X- and Y-axes of the chart. For each tick mark, we find the
points in the device coordinate system where the tick mark joins the axes and draw a black line, 5
pixels long, from this point toward inside the Pl ot Ar ea. You can also place these tick marks
outside of the Pl ot Ar ea using —5f .

Both g. Drawli ne and g. DrawStri ng use YAXi sPoi nt (or xAxi sPoi nt) to create
ticks and tick labels. We also use g. Measur eSt ri ng method to measure the size of the tick
label string, which is necessary if you want to put the labels in the center of the tickers. Notice
how we pass a St ri ngFor mat object to the g. Dr awSt r i ng method, setting its Al i gnment
property to St ri ngAl i gnnent . Far so that the text is aligned to the right.
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Labels and Title

The AddLabel s method creates labels for the X- and Y-axes as well as the title of the chart. It is
easy to place the X-axis label and title, and make sure that they are at the bottom-center, and top-
center respectively. However, the Y-axis label is more complicated because we need to rotate this
label - 90 degrees. There is a default vertical rotated text string in C#, defined through the
Stri ngFor mat Fl ags:

StringFormat sf = new StringFornat (StringFornat Fl ags. DirectionVertical);

But this command gives a vertical text string read from top to bottom. Conventionally, we use a
string that reads from bottom to top, which can be achieved using the following code snippet:

/1 Add y-axis |abel:

StringFormat sFormat = new StringFornat();
sFormat. Ali gnnent = StringAlignnent. Center;
stringS ze = g. MeasureStri ng(YLabel , Label Font);

I/l Save the state of the current @G aphics object
Q aphi csState gState = g. Save();
g. Transl ateTransform(xCf fset, yOfset +
titleFontS ze. Height + yOfset / 3 + PlotArea. Height / 2);
g. Rot at eTr ansf or (- 90) ;
g. Drawstri ng( YLabel , Label Font, aBrush, 0, 0, sFormat);

// Restore it:
g. Restore(gState);

Here we define a St ri ngFor mat object that aligns the text string in the center. Then we save
the current Graphics state using the g. Save method. Next we make two transformations to the
Graphics object g: one is a translation and the other a rotation by - 90 degrees. After drawing the
text string using g. Dr awSt r i ng method, we restore the previous saved Graphics state. In order
to put the Y-axis label in the right position in a real-world application, you need to do some try-
and-error iterations. The above code snippet provides you with a reference and a starting point.

Testing Project

Building and executing the project generates the chart with the gridlines, X- and Y-axis labels,
title, ticks, and tick labels shown in Figure 3-4. Obviously, there is still no chart legend yet. We
will show you how to add legend in the next subsection.
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Sine & Cosine Plot

Y OARIS

A Axis

Figure 3-4 Sine and Cosine plot generated from project Example3_3.

Legends

For a 2D X-Y chart with multiple lines, you may want to use a legend to identify each line plotted
on the chart. This legend shows a sample of the line type, marker symbol, color, and text label you
specify. Let’s start with a new project Example3 4, and see how we can create such a legend. This
project is based on the previous project Example3 3.

Legend Class
We add one new class to this project, Legend. The following is its code listing:

usi ng System

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System Col | ecti ons;

namespace Exanpl e3_4

{

public class Legend
{
private bool islLegendVi sible;
private Col or textColor;
private LegendPositi onEnum | egendPosi ti on;
private bool isBorderM sible;
private Col or | egendBackCol or;
private Col or |egendBorder Col or;
private Font |egendFont;

publ i c Legend()
{
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| egendPosi ti on = LegendPosi ti onEnum Nort hEast ;
text Col or = Col or. Bl ack;

i sLegendVi sibl e = fal se;
isBorderVisible = true;
| egendBackCol or = Col or. Wi te;

| egendBor der Col or = Col or. Bl ack;
| egendFont = new Font ("Arial", 8, FontStyle.Regular);

}
public Font LegendFont
{
get { return | egendFont; }
set { |egendFont = value; }
}
public ol or LegendBackCol or
{
get { return | egendBackCol or; }
set { | egendBackCol or = val ue; }
}
public Col or LegendBor der Col or
{
get { return | egendBorderCol or; }
set { | egendBorderCol or = val ue; }
}
publ i ¢ bool I|sBorderVisible
{
get { return isBorderVisible; }
set { isBorderVisible = value; }
}
publ i ¢ LegendPosi ti onEnum LegendPosi ti on
{
get { return | egendPosition; }
set { legendPosition = value; }
}
public ol or Text Col or
{
get { return textColor; }
set { textColor = value; }
}
publ i c bool |sLegend\ sible
{
get { return isLegendVisible; }
set { isLegendVisible = value; }
}
publ i ¢ enum LegendPosi ti onEnum
{

Nort h,
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}

Nor t hViést ,
Vést

Sout h\eést ,
Sout h,
Sout hEast ,
East,

Nor t hEast

public void AddLegend( QG aphics g,

{

Dat aCol | ection dc, ChartStyle cs)

if (dc.DataSeriesList.Count < 1)
{

return;

}

if (!lsLegendVisible)
return;

}

int nunber Cf Dat aSeri es = dc. DataSeri esLi st. Count ;

string[] |egendLabel s = new string[dc. DataSeri esLi st. Count];
int n=0;

foreach (DataSeries ds in dc. DataSeri eslLi st)

| egendLabel s[ n] = ds. Seri esNarre;
n++;

}
float offSet = 10;
float xc = Of;
float yc = Of;
Si zeF size = g. MeasureString(| egendLabel s[ 0], LegendFont);
float |egendWdth = size. Wdth;
for (int i =0; i < legendLabels.Length; i++)
{
size = g. MeasureStri ng(l egendLabel s[i], LegendFont);
float tenpWdth = size. Wdth;
if (legendWdth < tenpWdt h)
| egendWdth = t enpWdt h;

}

| egendWdth = | egendWdth + 50. Of ;

float hwdth = | egendWdth / 2;

float |egendHei ght = 18.0f * nunber Cf Dat aSeri es;
float hHei ght = | egendtei ght / 2;

switch (LegendPosi ti on)
{
case LegendPositi onEnum East :
Xc = cs.PlotArea. X + cs. Plot Area. Wdth —
of fSet - hwWdth;
yc = cs.PlotArea.Y + cs. PlotArea. Height / 2;
br eak;
case LegendPositi onEnum Nort h:
XCc = cs.PlotArea. X + cs. Plot Area. Wdth / 2;
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yc = cs.PlotArea. Y + of f Set + hhHeight;
br eak;
case LegendPositi onEnum Nort hEast :
Xc = cs.PlotArea. X + cs. Plot Area. Wdth —
of fSet - hwdth;
yc = cs.PlotArea. Y + off Set + hhHei ght;
br eak;
case LegendPositi onEnum Nort hVést :
Xc = cs.PlotArea. X + off Set + hWdth;
yc = cs.PlotArea. Y + off Set + hhHei ght;
br eak;
case LegendPosi ti onEnum Sout h:
Xc = cs.PlotArea. X + cs. Plot Area. Wdth / 2;
yc = cs.PlotArea. Y + cs. Plot Area. Hei ght —
of f Set - hHei ght;
br eak;
case LegendPositi onEnum Sout hEast :
Xc = cs.PlotArea. X + cs. Plot Area. Wdth —
of fSet - hwWdth;
yc = cs.PlotArea. Y + cs. Pl ot Area. Hei ght —
of f Set - hHeight;
br eak;
case LegendPosi ti onEnum Sout hVést :
Xc = cs.PlotArea. X + off Set + hWdth;
yc = cs.PlotArea. Y + cs. Pl ot Area. Hei ght —
of f Set - hHeight;
br eak;
case LegendPositi onEnum Wést :
Xc = cs.PlotArea. X + of f Set + hWdth;
yc = cs.PlotArea.Y + cs. PlotArea. Height / 2;
br eak;

}
DrawLegend(g, xc, yc, hWdth, hHeight, dc, cs);
}

private void DrawL,egend(Q aphics g, float xCenter,
float yCenter, float hWdth, float hHeight,
Dat aCol | ection dc, ChartStyle cs)

fl oat spacing = 8.0f;

float textHeight = 8.0f;

float htextHeight = textHeight / 2.0f;

float |ineLength = 30. 0f;

float hlineLength = |ineLength / 2.0f;

Rect angl e | egendRect angl e;

Pen aPen = new Pen(LegendBor der Col or, 1f);

Sol i dBrush aBrush = new Sol i dBr ush( LegendBackCol or) ;

if (isLegendV sible)

| egendRect angl e = new Rectangl e( (i nt)xCenter —
(int)hWdth, (int)yCenter - (int)hHeight,
(int)(2.0f * hwdth), (int)(2.0f * hHeight));
g. Fi Il Rect angl e(aBrush, |egendRectangl e);
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i f (1sBorderVisible)
{

}

int n=1;
foreach (DataSeries ds in dc. DataSeri esLi st)

g. DrawRect angl e(aPen, | egendRect angl e);

/!l Draw lines and synbol s:
float xSynbol = | egendRectangl e. X +
spaci ng + hlineLengt h;

float xText = | egendRectangl e. X +
2 * spacing + |linelLength;
float yText = | egendRectangle.Y + n * spacing +

(2 * n- 1) * htextHeight;
aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. LineStyl e. Pattern;
Point F ptStart = new Poi nt F(| egendRect angl e. X +
spaci ng, yText);
Poi nt F pt End = new Poi nt F(| egendRect angl e. X +
spacing + |ineLength, yText);
g. DrawLi ne(aPen, ptStart, ptEnd);
/1l Draw text:
StringFormat sFormat = new StringFornat();
sFormat. Alignment = StringAlignnent. Near;
g. Drawstri ng(ds. Seri esNane, LegendFont,
new Sol i dBrush(t ext Col or),
new Poi nt F(xText, yText - 8), sFornat);
n++;

}

}
aPen. Di spose() ;
aBr ush. D spose();

}

The Legend class looks quite complicated. However, if you read through it carefully, you will
find that it is actually quite easy to follow what is happening. We start off by creating member
fields to describe the legend behavior:

private
private
private
private
private
private
private

bool islLegendVi si bl e;

Col or textCol or;

Font | egendFont ;

LegendPosi ti onEnum | egendPosi ti on;
bool isBorderVisibl e;

Col or | egendBackCol or;

Col or | egendBor der Col or;

The i sLegendVi si bl e allows you to turn the legend on or off. The default setting of this field
is f al se. Therefore, you need to change this default value to t r ue if you want to display the
legend on the chart. You can change legend’s text color and font using the t ext Col or and

| egendFont fields.
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Legend Layout

In this example, we use the legend layout shown in Figure 3-5. The placement of the legend in a
chart is controlled by the | egendPositi on field that is specified by the enumeration
LegendPosi ti onEnum There are eight positions you can choose from. These positions
defined in LegendPosi t i onEnuminclude North, South, West, East, NorthWest, NorthEast,
SouthWest, and SouthWest. The default setting is NorthEast, corresponding to the upper-right
corner of a chart.

Chart Area Legend Plot Area

yd /

/ Title /

Figure 3-5 Legend layout on the chart.

You can also add more positions to the LegendPosi t i onEnum For example, you may add the
position at the right side or bottom of the chart. The i sBor der Vi si bl e field allows you to turn
the Legend rectangle border on or off. The | egendBackCol or and | egendFont fields let
you set Legend’s background color and text font, respectively. Next we implement the properties
for all of these member fields using the Get and Set statements.

Finally, the two methods AddLegend and Dr awlLegend are used to create the Legend. The
Dr awLegend method defines the contents of a single legend, including the line type, marker
symbol, color, and text label, while the AddLegend method places the Legend in the suitable
position through a SWi t ch statement by calling the Dr awL.egend method.
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Modifying Form1 Class

In order to have the legend on your chart, you need to call the AddLegend method from For nil
class. First, add a new member field to the For mil class:

private Legend |g;

Then create the corresponding instances for this field, and set Legend parameters inside the
For ml’s instructor

I'g = new Legend();
| g.1sLegendVi sible = true;

Note that we specify one Legend property, | sLegendVi si bl e. The default values are used for
all of the other Legend parameters, such as its position, text font, and background color. Since the
default value of | sLegendVi si bl e is f al se, you must set its property to t r ue in order to
show the Legend on your chart.

Next, add the AddLegend method to the OnPai nt method:
| g. AddLegend(g, dc, cs);

Testing Project

If you build and run the project, you will obtain the chart with the simple but a nice looking
Legend, as shown in Figure 3-6.

Sine & Cosine Plot

==== DataSeries1
! - — DataSeries2 [

Y oAxis

A AXs

Figure 3-6 Sine and Cosine chart with legend generated from
Example3 4.
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Symbols

Sometimes, you might want a chart to display not only lines but the symbols as well at the data
points. Sometimes you might want a chart with only symbols and no lines. In this section, we
show you how to create such a chart with symbols using C#.

Defining Symbols

Let’s look at two symbols, Diamond and Triangle, as shown in Figure 3-7. The surrounding dot-
line square outlines the size of the symbol, and (xc, yc) represent the center coordinates of the
symbol in the device coordinate system. Suppose the length of each side of the dot-line square is
si ze, and we define hal f si ze = si ze/ 2. Then we can easily determine the coordinates of
the points at the vertices of each symbol.

- .lrl. Y
1 1
2 0, .
e, ve) S N X
(e, ye)
3 .......... 2 I:I
(a) (b

Figure 3-7 Definitions of Diamond (a) and Triangle (b) symbols.

For the Di anpbnd symbol, we have the following coordinates:

Poi nt0: (xc + hal fsize, yc)
Point1l: (xc, yc + hal fsize)
Point2: (xc — hal fsize, yc)
Point 3: (xc, yc — halfsize)

We can then create the Open- Di anond symbol by drawing lines from poi nt 0 to poi nt 1 to
poi nt 2 to poi nt 3 to poi nt 0. We can also create the Solid-Diamond symbol in this manner,
constructing a Poi nt Array with these four points and drawing a polygon with this
Poi nt Arr ay using the g. Fi | | Pol ygon(aBrush, Poi nt Array) method.

For the Tr i angl e symbol, the corresponding point coordinates are:

Point0: (xc + hal fsize, yc — halfsize)
Point1: (xc, yc + halfsize)
Point2: (xc — hal fsize, yc — halfsize)
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We can then easily create the Open- Tri angl e symbol and the Sol i d- Tri angl e symbol
using the similar approach as that used in creating Di anond symbol. Following this discussion,
we can create any symbols that can be used in a chart application.

Symbol Style Class

Now, it is time to create a real-world application, Example3 5, that produces a chart with
symbols. This example can be regarded as a complete 2D line chart project. It is based on the
previous project, Example3 4. We need to add a new class, Synbol St yl e, to the project. The
symbols in this Synbol St yl e class are created using the approach we discussed in the previous
subsection. The following is the code listing of the Synbol St yl e class:

usi ng System
usi ng System Dr aw ng;
usi ng System Drawi ng. Drawi ng2Db;

namespace Exanpl e3_5

{
public class Synbol Syl e

{
private Synbol TypeEnum synbol Type;
private float synbol S ze;
private Col or borderCol or;
private Color fill Col or;
private float borderThi ckness;

public Synbol Styl e()

{
synbol Type = Synbol TypeEnum None;
synbol S ze = 8. 0f;
bor der Col or = Col or. Bl ack;
fillColor = Col or. Bl ack;
bor der Thi ckness = 1f;
}
public float BorderThi ckness
{
get { return borderThi ckness; }
set { borderThi ckness = val ue; }
}
public Col or Border Col or
{
get { return borderColor; }
set { borderColor = value; }
}
public Golor FillColor
{

get { return fillColor; }
set { fillGolor = value; }
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public float Synbol S ze

{
get { return synbol S ze; }
set { synbol S ze = val ue; }

}

publ i ¢ Synbol TypeEnum Synbol Type
{
get { return synbol Type; }
set { synbol Type = val ue; }
}

publ i ¢ enum Synbol TypeEnum
{
Box = 0,
Arcle =1,
Qoss = 2,
D anond = 3,
Dot = 4,
InvertedTriangle = 5,
None = 6,
QpenD anond = 7,
Qpenl nvertedTriangl e = 8,
QpenTriangle = 9,
Square = 10,
Star = 11,
Triangle = 12,
Aus =13
}

public voi d DrawSynbol (@& aphi cs g,

{
Pen aPen = new Pen(Bor der ol or,

float x = pt. X%

float y = pt.YV;

float size = Synbol S ze;
float hal fS ze = size / 2.0f;

Rect angl eF aRect angl e = new Rect angl eF( x
y - halfSize, size,

swi tch (Synbol Type)

case Synbol TypeEnum Squar e:

Poi nt F pt)

Bor der Thi ckness) ;
Sol i dBrush aBrush = new Sol i dBrush(Fill Col or);

si ze);

g. DrawLi ne(aPen, x - halfS ze, y
X + halfSize, y - halfS ze);
g. DrawLi ne(aPen, x + halfS ze, y
x + halfSize, y + halfS ze);
g. DrawLi ne(aPen, x + halfS ze, y
x - halfSize, y + halfS ze);
g. DrawLi ne(aPen, x - halfS ze, y
X - halfSize, y - halfS ze);
br eak;

hal fS ze,

hal f S ze,
hal f S ze,
hal f S ze,

hal f S ze,
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case Synbol TypeEnum penDi anond:
g. DrawLi ne(aPen, x, y - halfS ze, x + halfSze, y);
g. DrawLi ne(aPen, x + halfS ze, y, x, y + halfS ze);
g. DrawLi ne(aPen, x, y + halfS ze, x - hal fSze, y);
g. DrawLi ne(aPen, x - halfSze, y, X, y - halfS ze);
br eak;

case Synbol TypeEnum G rcl e:
g. DrawEl | i pse(aPen, x- hal f S ze, y-hal f Si ze, si ze, si ze);
br eak;

case Synbol TypeEnum penTri angl e:

g. DrawLi ne(aPen, x, y - halfS ze, x + hal fS ze,
y + hal fSize);

g. DrawLi ne(aPen, x + halfSze, y + hal fS ze,
x - halfSize, y + halfS ze);

g. DrawLi ne(aPen, x - halfSze, y + halfS ze, x,
y - halfSize);

br eak;

case Synbol TypeEnum None:
br eak;

case Synbol TypeEnum O oss:
g. DrawLi ne(aPen, x - halfS ze, y - hal fS ze,
X + halfSize, y + halfS ze);
g. DrawLi ne(aPen, x + halfS ze, y - hal fS ze,
X - halfSize, y + halfS ze);
br eak;

case Synbol TypeEnum Star:
g. DrawLi ne(aPen, x, y - halfSze, x, y + halfS ze);
g. DrawLi ne(aPen, x - halfSze, y, x + halfSi ze, y);
g. DrawLi ne(aPen, x - halfSze, y - hal fS ze,
x + halfSize, y + halfS ze);
g. DrawLi ne(aPen, x + halfSze, y - hal fS ze,
x - halfSize, y + halfS ze);
br eak;

case Synbol TypeEnum penl nvert edTri angl e:

g. DrawLi ne(aPen, x - halfSze, y - hal fS ze,
x + halfSize, y - halfS ze);

g. DrawLi ne(aPen, x + halfS ze, y - hal fS ze, x,
y + halfSize);

g. DrawLi ne(aPen, x, y + halfS ze, x - hal fS ze,
y - halfSize);

br eak;

case Synbol TypeEnum Pl us:
g. DrawLi ne(aPen, x, y - halfSze, x, y + halfS ze);
g. DrawLi ne(aPen, x - halfS ze, y, x + halfS ze, y);
br eak;
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case Synbol TypeEnum Dot :
g.FIIEIipse(aBrush, aRectangle);
g. DrawHl | i pse(aPen, aRectangl e);
br eak;

case Synbol TypeEnum Box:

g. Fi I | Rect angl e(aBrush, aRectangl e);

g. DrawLi ne(aPen, x - halfSze, y - hal fS ze,
X + halfSize, y - halfS ze);

g. DrawLi ne(aPen, x + halfSze, y - hal fS ze,
x + halfSize, y + halfS ze);

g. DrawLi ne(aPen, x + hal fSize, y + hal fS ze,
x - halfSize, y + halfS ze);

g. DrawLi ne(aPen, x - halfSze, y + hal fS ze,
x - halfSize, y - halfS ze);

br eak;

case Synbol TypeEnum D armond:
Point F[] pta = new Point F[ 4];

pta[0].X = x;
pta[0].Y =y - halfS ze;
pta[1].X = x + hal fS ze;
pta[1].Y =y;
pta[2].X = x;
pta[2].Y =y + hal fS ze;
pta[3].X = x - halfS ze;
pta[3].Y =vy;

g. Fi Il Pol ygon(aBrush, pta);
g. DrawPol ygon(aPen, pta);
br eak;

case Synbol TypeEnum | nvert edTri angl e:
Point F[] ptb = new Poi nt F 3];
ptb[0]. X = x-hal fS ze;
ptb[0].Y =y - halfS ze;
ptb[1].X = x + hal fS ze;
ptb[1].Y =y - hal fS ze;
ptb[2].X = x;
ptb[2].Y =y + hal fS ze;

g. Fi | | Pol ygon(aBrush, ptb);
g. DrawPol ygon(aPen, ptb);
br eak;

case Synbol TypeEnum Tri angl e:
Point ] ptc = new Point F[ 3];

ptc[0].X = x;

ptc[0].Y =y - halfS ze;
ptc[1].X = x + hal fS ze;
ptc[1].Y =y + hal fS ze;
ptc[2].X = x - hal fS ze;
ptc[2].Y =y + hal fS ze;

g. Fi || Pol ygon(aBrush, ptc);
g. DrawPol ygon(aPen, ptc);
br eak;
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}

In this class, we define five private fields and their corresponding public properties. You can
select the type of symbol from the Synbol TypeEnum enumeration using the Synbol Type
property. The Synbol TypeEnum contains thirteen different symbols, as well as a None type,
which results in no symbols being drawn on your chart. This type is the default value, this means
you must choose a symbol type other than None if you want to draw symbols on your chart
application. You can easily add your own symbols to this enumeration as you like.

The Bor der Col or property allows you to specify the border color of a symbol. For the St ar ,
Pl us, and open-symbols, you only need to define this Bor der Col or property. The default
color for this property is black. The Fi | | Col or property with a default color of white is for
solid symbols, such as the diamond, triangle, box, dot, etc. This means that it is possible for a
solid symbol to have a border with a different color than fill by specifying different colors for the
Bor der Col or and Fi | | Col or properties.

The Bor der Thi ckess property allows you to specify the border line thickness for a symbol.
The default value of this property is one pixel. The symbol size is controlled by the Synbol Si ze
property, which has a default value of 8 pixels.

There is a public method in this class called Dr awSynbol , which takes a Poi nt F object as
input. This input Poi nt is the center location of the symbol. Note that this input Poi nt must be
defined in the device coordinate system. Namely, a Poi nt in the world coordinate system must
go through a transformation from the world to device system using the Poi nt 2D method.

Modifying Form1 Class

Now we turn our attention to the For mil class. The fields and constructor of For nil are the same
as they are in the previous example. The methods of Set Pl ot Ar ea and OnPai nt are also
identical to those in Example3 4. We need only to modify the method AddDat a to include the
symbols on the chart. The following code snippet is for the AddDat a method:

private voi d AddDat a( G aphi cs Q)
{
/1 Qverride ChartStyl e properties:
cs. XLinMn = Of;
cs. XLi nivlx = 6f;
cs.YLinMn = -1, 5f;
cs. YLi nivlbx = 1. 5f;
cs. XTick = 1.0f;
cs. YTick = 0. 5f;
cs. XLabel = "This is X axi s";
cs.YLabel = "This is Y axis";
cs.Title = "Sine and Cosine Chart";

dc. DataSeriesList.dear();
/1 Add Sine data with 7 data points:
Dat aSeries dsl = new DataSeries();
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dsl. LineStyl e. LineCol or = ol or. Red;
dsl. Li neStyl e. Thi ckness = 2f;
dsl. LineStyl e. Pattern = DashStyl e. Dash;
dsl. LineStyl e. Pl ot Met hod =
Li neStyl e. Pl ot Li nesMet hodEnum Li nes;
dsl. SeriesName = "Sine";
dsl. Synbol Styl e. Synbol Type =
Synbol Styl e. Synbol TypeEnum D anond,
dsl. Synbol Styl e. Border Col or = Col or. Red;
dsl. Synbol Style.Fill Col or = Col or. Yel | ow,
dsl. Synbol Styl e. Bor der Thi ckness = 1f;
for (int i =0; i <7; i+4)

ds1. AddPoi nt (new Point F(i / 1.0f,
(float)Math.Sin(i / 1.0f)));

}
dc. Add(ds1);

/1 Add Cosine data with 7 data points:
Dat aSeries ds2 = new DataSeries();
ds2. Li neStyl e. Li neCol or ol or . Bl ue;
ds2. Li neStyl e. Thi ckness 1f;
ds2. LineStyl e. Pattern = DashStyle. Sol i d;
ds2. Li neStyl e. Pl ot Met hod =
Li neStyl e. P ot Li nesMet hodEnum Spl i nes;
ds2. Seri esNane = "Cosi ne";
ds2. Synbol Styl e. Synbol Type =
Synbol Styl e. Synbol TypeEnum Tri angl e;
ds2. Synbol Styl e. Border Col or = Col or. Bl ue;
for (int i =0; i <7; i++)

ds2. AddPoi nt (new Poi nt F(i / 1. 0f,
(float)Math. Cos(i / 1.0f)));

}
dc. Add(ds2);
}

Please note how both the LineStyle and Symbol Styl e are associated with the

Dat aSer i es instances, ds1 and ds2.

Modifying Data Collection

Another area you need to modify is the AddLi nes method in the Dat aCol | ecti on class.
This method must now be extended to include drawing symbols and drawing lines. The following

is the code listing of AddLi nes method in the Dat aCol | ecti on class:

public void AddLi nes(G aphics g, ChartStyle cs)

{
/1 Plot lines:

foreach (DataSeries ds in DataSeriesList)

if (ds.LineStyle.lsVisible == true)
{
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}
}
/1 Pl ot
f oreach
{
for
{
}

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;

aPen. DashStyl e = ds. LineStyl e. Pattern;

if (ds.LineStyle.P otMthod ==

Li neStyl e. P ot Li nesMet hodEnum Li nes)

for (int i =1; i < ds.PointList.Count; i+t)

{
g. DrawLi ne( aPen,
cs. Point2D((Point F)ds. PointList[i - 1]),
cs. Poi nt 2( (Poi nt F) ds. Poi ntLi st[i]));

}
else if (ds.LineStyle. P othMthod ==
Li neStyl e. Pl ot Li nesMet hodEnum Spl i nes)
{
ArrayList al = new ArrayList();
for (int i =0; i < ds.PointList.Count; i++)

PointF pt = (PointF)ds. PointList[i];
if (pt.X>=cs. XLinMn &

pt. X <= cs. XLi nivax &&

pt.Y >=cs.YLinMn &

pt.Y <= cs. YLi nivax)
{

}
}
Point F[] pts = new PointF al . Count];
for (int i =0; i < pts.Length; i++)

al . Add(pt);

pts[i] = cs. Point2D( (PointF) (al[i]));
g. DrawQur ve(aPen, pts);

}
aPen. D spose();

Synbol s:
(DataSeries ds in DataSeriesList)

(int i =0; i <ds.PointList.Count; i++)

PointF pt = (PointF)ds.PointList[i];

if (pt.X>=cs. XLinMn & pt. X <= cs. XLi niax &&
pt.Y >= cs.YLinMn & pt.Y <= cs. YLi nMax)

{

ds. Synbol Styl e. DrawSynbol (g,
cs. Poi nt 2D((Poi nt F)ds. Poi nt Li st[i]));
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Note that we can have two different approaches of drawing lines by specifying the
Pl ot Met hodEnum property, Li nes and Splines. A |line is a standard straight line
connecting two points. On the other hand, a Spl i ne is a curve that passes smoothly through a
given set of points. To draw a spl i ne, you create a Graphics object and pass the address of an
array of points to the g. Dr awCur ve method. You can clearly see the difference between | i nes
and spl i nes from Figure 3-8, where the Si ne curve is drawn using | i nes while the Cosi ne
is drawn using spl i nes.

You may also notice that we add an i f -statement when we draw spl i nes:

if (pt.X>=cs. XLinMn & pt. X <= cs. XLi nivix &&
pt.Y >= cs.YLinMn & pt.Y <= cs. YLi niax)

This statement is necessary for drawing spl i nes. In some cases, your data points might be
outside of the limits of the axes. The points outside the limits of the axes are reassigned the values
of NaN after a transformation through the Poi nt 2D method. Drawing spl i nes with points of
NaN will throw an overflow exception. Here, the i f - statement removes any NaN points before
drawing spl i nes.

Similarly, we draw the symbols using the same i f -statement. The reason is also similar: to avoid
the overflow exception and to make sure there are no any NaN points in the point array used by
the g. Fi | | Pol ygon method in the Synbol St yl e class.

Modifying Line Style
We add the following code snippet to the Li neSt y| e class:

private Pl otLi nesMet hodEnum pl t Li neMet hod =
Pl ot Li nesMet hodEnum Li nes;

publ i c P ot Li nesMet hodEnum P ot Met hod

{
get { return pltLi neMet hod; }
set { pltLi neMethod = val ue; }
}
publ i c enum Pl ot Li nesMet hodEnum
{
Li nes = 0,
Splines =1
}

You can see that we create the Pl ot Met hod as an object of the Pl ot Li nesMet hodEnum
enumeration, so that you can represent your data on the chart using either Li nes or Spl i nes by
specifying Pl ot Met hod.

The rest of classes in the current project are identical to those used in the previous example, which
you can consult to find the code listings of these classes.
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Testing Project

If you build and run the program, you will obtain the following chart, as shown in Figure 3-8.

=Sine and Cosine Chart
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Figure 3-8 Sine and Cosine plot generated from project Example3_5.

Line Charts with Two Y Axes

In the previous sections, we implemented a powerful 2D line chart program. In Example3 5,
there are no restriction on the number of lines or curves that you would like to create in a single
chart. In this section, we will add another feature, that is another Y-axis, to the 2D line charts.

Why Two Y Axes

In some instances, you have data sets that you want to display on the same chart. However, the Y-
axis data values are not within the same range. Let’s say you have implemented the following
code for the AddDat a method inside the For mi class of Example4_5:

private voi d AddDat a( G aphi cs Q)

{
cs. XLinMn = Of;
cs. XLi mvax = 30f;
cs.YLimMn = -100f;
cs. YLi mivx = 700f ;
cs. XTick = 5. 0f;
cs. YTi ck = 100f;
cs. XLabel = "X';
cs. YLabel = "Y";

cs.Title = "x1 * cos(x1l) & 100 + 20 * x2";

dc. Dat aSeri esList.Qear();
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// Add data points to dsi:

Dat aSeries dsl = new DataSeries();

dsl. Li neStyl e. Li neCol or = Col or. Red;
dsl. Li neStyl e. Thi ckness = 2f;

dsl. LineStyle. Pattern = DashStyl e. Dash;
dsl. Seri esNane = "x1*cos(x1)";

for (int i =0; i < 20; i++)

float x1 = 1.0f * i;
float yl = x1 * (float)Math. Cos(x1);
ds1. AddPoi nt (new Poi nt F(x1, y1));

}
dc. Add(ds1);
// Add data points to ds2:
Dat aSeri es ds2 = new DataSeries();
ds2. Li neStyl e. Li neCol or = Col or. Bl ue;
ds2. Li neStyl e. Thi ckness = 2f;
ds2. Seri esNane = "100 + 20*x2";
for (int i =5; i <30; i++)
{
float x2 = 1.0f * i;
float y2 = 100.0f + 20. Of *x2;
ds2. AddPoi nt (new Poi nt F(x2, y2));

}
dc. Add(ds2);

}
T ¥ cos(x) & 100 + 207 x2
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Figure 3-9 Chart for y1 and y2 whose data values in different ranges.

This will produce the results of Figure 3-9. It is clear from the figure that it is very hard to see the
y1 values because you have defined the Y-axis limits to display all of the data points on the same
chart, but the y1 and y2 values have different data ranges. This problem can be solved by adding
another Y2 axis to the chart program.
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Modifying Chart Style

There are many ways to implement the Y2 axis. Here we use the codes of the previous project,
Example3 5, as a basis and try to change as little as possible in the program. First, create a new
C# Windows Application, and name it Example3 6. Add the classes (Formil.cs
Chart Styl e. cs, Li neStyl e. cs, Synbol Styl e. cs, Legend. cs,
Dat aCol | ecti on. cs, and Dat aSeri es. cs) in Example3 5 to the current project by right
clicking on the project in the solution explorer and selecting Add|Existing item... Change the
namespace for all of the classes from Example3 5 to Example3 6. Then, add five member fields
and corresponding public properties to the Char t St yl e class:

/1 Define Y2 axis:

private bool isY2Axis = fal se;
private float y2LinMn = Of;
private float y2Limvax = 10f;
private float y2Tick = 2f;

private string y2Label = "Y2 Axis";
public ChartStyl e(Fornl fnd)
{
fornml = fni;
chart Area = fornl. i ent Rect angl e;
chart BackCol or = fnil. BackCol or;
chart Border Col or = fni. BackCol or;
pl ot Area = chartArea;
}
public bool [|sY2Axis
{
get { return isY2Axis; }
set { isY2Axis = val ue; }
}
public string Y2Label
{
get { return y2Label ; }
set { y2Label = value; }
}
public float Y2Tick
{
get { return y2Tick; }
set { y2Tick = value; }
}
public float Y2LinMn
{
get { return y2Li nMax; }
set { y2LinMax = val ue; }
}

public float Y2LinMn
{
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get { return y2LinmMn; }
set { y2LimMn = value; }
}

The bool property | SY2AXi s tells the program whether or not a Y2 axis needs to be created. Its
default value is fal se. You also need to add the following code fragment to the
AddChart St yl e method:

/] Ceate the y2-axis tick marks:

if (1sY2Axis)
for (fY = Y2LinMn; fY <= Y2Li nMax; fY += Y2Ti ck)
{
Poi nt F x2Axi sPoi nt = Poi nt 2DY2(
new Poi nt F(XLi nvax, fY));
g. DrawLi ne( Pens. Bl ack, x2Axi sPoi nt,
new Poi nt F(x2Axi sPoi nt. X - 5f, x2AxisPoint.Y));
StringFormat sFormat = new StringFormat();
sFormat. Ali gnment = StringA ignnent. Near;
g.Drawstring(fY. ToString(), TickFont, aBrush,
new Poi nt F( x2Axi sPoi nt. X + 3f,
X2Axi sPoint.Y - tickFontSize. Height / 2),
sFormat) ;
}

}

The above code creates the ticks and tick labels for the Y2 axis. Pay special attention to how we
transform the points in the world coordinate system to points in device coordinate system:

Poi nt F x2Axi sPoi nt = Poi nt 2DY2( new Poi nt F( XLi nivax, fY));

Here, the method Poi nt 2DY2 is used. This method is added to this class in the same manner as
Poi nt 2D:

publ i ¢ Poi nt F Poi nt 2DY2( Poi nt F pt)

{
Poi nt F aPoi nt = new Poi nt F();
if (pt.X<XlinmMn || pt.X > XLinMax ||
pt.Y < Y2LinMn || pt.Y > Y2Li nivax)
{
pt. X = Single. NaN
pt.Y = S ngle. NaN
}
aPoint.X = PlotArea. X + (pt.X - XLinMn) *
Pl ot Area. Wdth / (XLi mMax - XLinMn);
aPoint.Y = Plot Area. Bottom- (pt.Y - Y2LinMn) *
P ot Area. Height / (Y2Li nhax - Y2LinmMn);
return aPoint;
}

The only difference between Poi nt 2D and Poi nt 2DY2 is that the YLi mM n and YLi mvax in
Poi nt 2D are replaced by Y2Li mM n and Y2Li mVax in Poi nt 2DY2.
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Modifying Form1 Class
We change the code for For L as well. Here is the code listing of the modified For nil class:

usi ng System

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System Col | ecti ons;

usi ng System W ndows. For ns;

namespace Exanpl e3_6

{

public partial class Fornl : Form

{
private DataCol | ection dc;

private ChartStyl e cs;
private Legend |g;

publ i c Formil()

{
InitializeConponent();
Set Styl e(Control Styl es. Resi zeRedraw, true);
Thi s. BackCol or = Col or. Wi te;
// Set Fornl size:
this. Wdth = 350;
this. Hei ght = 300;
dc = new DataCol | ection();
cs = new Chart Styl e(this);
I'g = new Legend();
I g.1sLegendVi si bl e = true;
| g. LegendPosi ti on = Legend. LegendPosi ti onEnum Nor t hVést ;
cs.IsY2AXis = true;
cs.IsX@id = fal se;
cs.lsY@Qid = fal se;
cs. TickFont = new Font("Arial", 7, FontStyle. Regul ar);
cs.TitleFont = new Font ("Arial", 10, FontStyle. Regul ar);
cs. XLinM n = Of;
cs. XLi mvax = 30f;
cs.YLinMn = -20f;
cs. YLi nvax = 20f;
cs. XTick = 5. 0f;
cs. YTick = 5f;
cs. Y2Li M n = 100f;
cs. Y2Li mvax = 700f;
cs. Y2Ti ck = 100f;
cs. XLabel = "X Axis";
cs. YLabel = "Y Axis";
cs. Y2Label = "Y2 Axis";
cs.Title = "Wth Y2 Axis";
}

private voi d AddDat a( G aphi cs Q)
{
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dc. Dat aSeriesList.dear();
/! Add data points to dsi:
Dat aSeries dsl = new DataSeries();
dsl. Li neStyl e. Li neCol or = Col or. Red;
dsl. Li neStyl e. Thi ckness = 2f;
dsl. Li neStyl e. Pattern = DashStyl e. Dash;
dsl. Seri esNane = "x1*cos(x1)";

for (int i =0; i <20; i++)
{
float x1 = 1.0f * i;
float yl1 = x1 * (float)Math. Cos(x1);

ds1. AddPoi nt (new Poi nt F(x1, y1));

}
dc. Add(ds1);
/1 Add data points to ds2:
Dat aSeri es ds2 = new DataSeries();
ds2. Li neStyl e. Li neCol or = ol or. Bl ue;
ds2. Li neStyl e. Thi ckness = 2f;
ds2. Seri esNanme = "100 + 20*x2";
ds2.1sY2Data = true;
for (int i =5; i <30; i++)
{
float x2 = 1.0f * i;
float y2 = 100.0f + 20. Of *x2;
ds2. AddPoi nt (new Poi nt F(x2, y2));

}
dc. Add(ds2);

}
protected override voi d nPai nt (Pai nt Event Args e)
{
Q@ aphics g = e. @ aphi cs;
cs.ChartArea = this.dientRectangl e;
AddDat a( g) ;
Set Pl ot Area(q) ;
cs. AddChart Styl e(g);
dc. AddLi nes(g, cs);
| g. AddLegend(g, dc, cs);
g. D spose();
}
private void SetH ot Area( @ aphics @)
{

/1 Set P otAea:

float xCfifset = cs. Chart Area. Wdth / 30.0f;

float yOfset = cs.Chart Area. Hei ght / 30. 0f;

Si zeF | abel Font S ze = g. MeasureStri ng(" A", cs. Label Font);
SizeF titleFont S ze = g. MeasureString("A', cs.TitleFont);
if (cs.Title. ToWper() == "NO TI TLE")

titleFontS ze. Wdth = 8f;
titl eFontSi ze. Hei ght = 8f;

}
float xSpacing = xCffset / 3.0f;
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float ySpacing = yOfset / 3.0f;
Si zeF tickFontSize = g. MeasureString("A", cs.TickFont);
float tickSpacing = 2f;
Si zeF yTi ckSi ze = g. MeasureStri ng(
cs.YLimMn. Tostring(), cs.TickFont);
for (float yTick = cs.YLinMn; yTick <= cs. YLi nMax;
yTi ck += cs. YTi ck)

{
Si zeF tenpSi ze = g. MeasureStri ng(
yTick. Tostring(), cs.TickFont);
if (yTickS ze.Wdth < tenpS ze. Wdt h)
yTi ckSi ze = tenpS ze;
}
}

float leftMargin = x(Offset + | abel Font S ze. Wdth +
xSpaci ng + yTi ckS ze. Wdth + tickSpaci ng;
float rightMargin = x(ff set;

float tophMargin = yOfset + titleFontSi ze. Height + ySpaci ng;

float bottomvargin = yOfset + |abel FontS ze. Height +
ySpaci ng + tickSpacing + tickFontS ze. Hei ght;

if (!cs.lsY2Axis)
{
/1 Define the plot area with one Y axis:
int plotX = cs.ChartArea. X + (int)leftMrgin;
int plotY = cs.ChartArea. Y + (int)topMargin;
int plotWdth = cs. Chart Area. Wdth —
(int)leftMargin - (int)rightMargin;
int plotHeight = cs.Chart Area. Hei ght —
(int)topMargin - (int)bottonvargin;
cs.Plot Area = new Rectangl e(pl ot X, plotY,
pl ot Wdt h, pl ot Hei ght);

el se

/1 Define the plot area with Y and Y2 axes:
Si zeF y2Ti ckSi ze = g. MeasureStri ng(
cs. Y2LimM n. ToString(), cs.TickFont);
for (float y2Tick = cs. Y2Li nM n;
y2Ti ck <= cs. Y2Li nivax; y2Tick += cs. Y2Ti ck)

Si zeF tenpS ze2 = g. MeasureStri ng(
y2Ti ck. ToString(), cs.TickFont);
if (y2TickS ze.Wdth < tenpS ze2. Wdt h)

y2Ti ckS ze = tenpS ze2;
}
right argin = x(fset + | abel Font Size. Wdth +
xSpaci ng + y2Ti ckSi ze. Wdth + ti ckSpaci ng;

int plotX = cs.ChartArea. X + (int)leftMrgin;
int plotY = cs.ChartArea. Y + (int)topMargin;
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int

int

plotWdth = cs. Chart Area. Wdth —
(int)leftMargin - (int)rightMargin;

pl ot Hei ght = cs. Chart Area. Hei ght —
(int)topMargin - (int)bottoniargin;

cs.Plot Area = new Rectangl e(pl ot X, plotY,

}

We have highlighted the change we made to include the Y2 axis. First, we set different limits for
the Y and Y2 axes. Also note how we associate the y2 Dat aSeri es object with the
| sY2Dat a. A Dat aSer i es object with an | sY2Dat a =t r ue property tells the program that
should be drawn on the chart using the Y2 axis. Inside the

this Dat aSeri es object

pl ot Wdt h, plotHeight);

Set Pl ot Ar ea method, you can see how the existence of Y2 affects the Pl ot Ar ea.

Modifying Data Series

We add just one member field and its public property to the Dat aSer i es class:

private bool

publ i ¢ bool
{

isY2Data = fal se;

| sY2Dat a

get { return isY2Data; }
set { isY2Data = val ue; }

}

As discussed above, this property allows you to associate a Dat aSer i es object with the Y2

axis.

Modifying Data Collection

The big change occurs in the AddLi nes method inside the Dat aCol | ecti on class because
this method must be able to add lines for the Y2 axis. The following is the code listing of the

Addl i nes method:

public void
{
// Pl ot
f oreach

AddLi nes(& aphics g, ChartStyle cs)

|'i nes:
(DataSeries ds in DataSeriesList)

if (ds.LineStyle.lsVisible == true)

{

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. LineStyl e. Pattern;
if (ds.LineStyle.M otMthod ==
Li neStyl e. Pl ot Li nesMet hodEnum Li nes)
{

for (int i =1; i < ds.PointList.Count; i++)
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if (!ds.IsY2Data)

{
g. DrawLi ne(aPen,
cs. Poi nt 2D((Poi nt F)ds. Poi ntList[i - 1]),
cs. Point2D((Poi nt F)ds. PointList[i]));
}
el se
{
g. DrawLi ne( aPen,
cs. Poi nt 2DY2((Poi nt F)ds. Poi ntLi st[i - 1]),
c¢s. Poi nt 2DY2( (Poi nt F)ds. Poi ntLi st[i]));
}

}

}
else if (ds.LineStyle.P othMthod ==
Li neStyl e. Pl ot Li nesMet hodEnum Spl i nes)

{
ArrayList al = new ArrayList();
for (int i =0; i < ds.PointList.Count; i++)
{

PointF pt = (PointF)ds. PointList[i];
if (!ds.IsY2Data)

if (pt.X>=cs. XLinMn &&
pt. X <= cs. XLi mvax &&
pt.Y >=cs.YLinMn &
pt.Y <= cs. YLi niax)

{
al . Add(pt);
}
}
el se
{
if (pt.X>=cs. XLinMn &&
pt. X <= cs. XLi nVax &&
pt.Y >= cs. Y2LinM n &&
pt.Y <= cs. Y2Li nMax)
al . Add(pt);
}
}
Point F[] pts = new Poi ntF al . Count];
for (int i =0; i <pts.Length; i++)

if (!ds.IsY2Data)

pts[i] = cs.Point2D((PointF)(al[i]));

el se

{

pts[i] = cs.Point2DY2((PointF) (al[i]));
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}

g. DranwCur ve(aPen, pts);
}
aPen. D spose();

}

/1 P ot Synbols:
foreach (DataSeries ds in DataSerieslList)

for (int i =0; i < ds.PointList.Count; i++)

PointF pt = (PointF)ds.PointList[i];
if (!ds.|sY2Data)

{
if (pt.X>=cs.XLinMn &k pt.X <= cs. XLi nMax &&
pt.Y >=cs.YLinMn & pt.Y <= cs. YLi nMax)
ds. Synbol Styl e. DrawSynbol (g,
cs. Point2D( (PointF)ds. PointList[i]));
}
}
el se
if (pt.X >=cs. XLinMn & pt. X <= cs. XLi nMax &&
pt.Y >=cs.Y2LinMn & pt.Y <= cs. Y2Li niax)
{
ds. Synbol Styl e. DranwSynbol (g,
cs. Poi nt 2DY2( (Poi nt F)ds. PointList[i]));
}
}

}

This method is easy to follow. Just note that all of the data points for the Y2 axis must go through
a coordinate transformation using the Poi nt 2DY2 method.

Testing Project

By building and running this example, you should obtain the result of Figure 3-10. Comparing this
result with the one shown in Figure 3-9, you can see that the two sets of data are clearly displayed
in Figure 3-10, even through these two sets of data have drastically different data ranges.
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Figure 3-10 Chart with two Y- axes generated from Example3_6.

Sub-Charts

In the previous section, you learned how to create a chart with two Y axes (Y and Y2). Here we
will show you that you are not limited to only one chart in a For mor a Cont r ol . The way to
create multiple charts in a For mor a Cont r ol is a sub-chart approach. This approach breaks the
For nis or Cont r ol ’s space into sub-regions or panes. After creating a chart in one of these sub-
regions, you can then use any chart commands you want for these sub-charts. The charts generated
in the sub-regions can be treated in the same way as the ones created when no sub-regions are
specified. In the next few sections, we will demonstrate how to create such sub-charts using C#.

Layout of Sub-charts

Figure 3-11 shows the sub-chart layout. First, we define a total chart area that holds all of the sub-
charts. We will implement a mechanism that allows us to move this total chart area around the
For mor Cont r ol and specify its background color. We also define a margin space around the
total chart area. This margin space makes the chart more visually appealing. Each sub-chart in the
sub-regions behaves like an independent chart. A given sub-chart can be identified by a pair of
integers of Rows and Col s.

Sub-Chart Class

Start off with a new C# Windows Application project, and name it Example3 7. This project is
based on the previous example, you will need to add all existing classes except for For mL of
Example3 6 into the current project and change their namespace to Example3 7. Then, add a
new class called SubChart to the project. The following is the code listing of the SubChar t
class:
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i P Total chart area

/ Sub-chart area
Plat Area

Figure 3-11 Sub-chart layout.

usi ng System
usi ng System Drawi ng;
usi ng System Col | ecti ons;

namespace Exanpl e3_7
{
public class SubChart
{
private int rows = 1;
private int cols = 1;
private int margin = 0O;
private Rectangl e total Chart Area;
private Col or total ChartBackCol or;
private Col or total ChartBorderCol or;
private Fornil forni;

public SubChart(Forml fnil)
{
forml = fni;
Total Chart Area = forml. A i ent Rect angl e;
t ot al Chart BackCol or = fni. BackCol or;
t ot al Chart Bor der Col or = fni. BackCol or;
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}

public int Rows

{

}

get { return rows; }
set { rows = value; }

public int Cols

{

}

get { return cols; }
set { cols = value; }

public int Margin

{

}

get { return margin; }
set { margin = val ue; }

public Rectangl e Total Chart Area

{

}

get { return total ChartArea; }
set { total ChartArea = val ue; }

public Col or Total Chart BackCol or

{

}

get { return total ChartBackCol or; }
set { total ChartBackCol or = val ue; }

public CGol or Total Chart Bor der Col or

{

}

get { return total ChartBorderCol or; }
set { total ChartBorderCol or = val ue; }

public Rectangl e[,] SetSubChart(Q aphics Q)

{

Rectangl e[,] subRectangl e = new Rect angl e[ Rows, (ol s];
int subWdth = (Total Chart Area. Wdth - 2 * Margin) / Cols;
int subHeight = (Total Chart Area. Hei ght - 2*Margin) / Rows;

for (int i =0; i < Rows; i++)
for (int j =0; j < Cols; j++)
{

int x = Total ChartArea. X + Margin + j * subWdth;
int y = Total ChartArea.Y + Margin + i * subHeight;
subRectangl e[i, j] = new Rectangl e(x, v,
subWdt h, subHei ght);
}
}

// Drawtotal chart area:
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Pen aPen = new Pen(Tot al Chart Bor der Col or, 1f);

Sol i dBrush aBrush = new Sol i dBrush( Tot al Chart BackCol or) ;
g. Fil | Rectangl e(aBrush, Total Chart Area);

g. DrawRect angl e(aPen, Total Chart Area);

return subRect angl e;

}

You should use the r ows and col s fields and their properties to specify your sub-chart layout.
For example, in order to create a sub-chart like the one shown in Figure 3-11, you should set:

Rows = 3;
CQols = 2;

The default value of these fields is one, meaning that there is only one chart in a f or mor
cont r ol which gives you the standard one chart layout. The Mar gi n property allows you to set
margin space around the total chart area. Its default value is zero. The other three fields,
t ot al Chart Ar ea, t ot al Chart BackCol or, and t ot al Chart Bor der Col or allow you
to define the total chart area and set its background and border colors. We also pass the For il
object to this class because we set the default size of the total chart area to Formil’s
Client Rectangl e. We also set the default color of the total chart area using For ni’s
background color.

The public method Set SubChart in this class creates the sub-chart layout. It returns a 2D
Rect angl e array that holds the sizes and positions for every sub-chart inside the
Tot al Chart Ar ea.

Modifying Chart Style

To concentrate on the sub-chart implementation and make the code more readable, we move the
Set Pl ot Ar ea method from the For ml class to Chart St yl e class. In doing so, we need to
make corresponding changes. Here we give the code listing of this method after modification:

private void SetPl ot Area( G aphics g)
{
/1 Set P otAea:
float xCifset = Chart Area. Wdth / 30. Of ;
float yOfset = Chart Area. Height / 30.0f;
Si zeF | abel Font S ze = g. MeasureStri ng(" A", Label Font);
SizeF titleFont S ze = g. MeasureString("A', TitleFont);

if (Title ToWpper() == "NO TI TLE")

titleFontS ze. Wdth = 8f;
titl eFont Si ze. Hei ght = 8f;
}

float xSpacing = xCffset / 3.0f;

float ySpacing = yOfset / 3.0f;

Si zeF tickFontSize = g. MeasureString("A', TickFont);
float tickSpacing = 2f;
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Si zeF yTickS ze = g. MeasureString(YLi M n. ToString(), TickFont);

for (float yTick = YLinMn; yTick <= YLi mMax; yTick += YTick)

{
Si zeF tenpSi ze = g. MeasureString(yTi ck. ToString(), TickFont);
if (yTickSi ze.Wdth < tenpS ze. Wdt h)

yTi ckSi ze = tenpS ze;
}

float leftMargin = x(Offset + | abel Font S ze. Wdth +
xSpaci ng + yTi ckSi ze. Wdth + tickSpaci ng;
float rightMargin = xOff set;
float topMargin = yOfset + titleFontS ze. Height + ySpaci ng;
float bottomiargin = yOffset + |abel FontSi ze. Height +
ySpaci ng + tickSpacing + tickFontS ze. Hei ght ;

if ('1sY2AXis)

/1 Define the plot area with one Y axis:

int plotX = ChartArea. X + (int)leftMrgin;

int plotY = ChartArea. Y + (int)topMargin;

int plotWdth = Chart Area. Wdth - (int)leftMrgin —
2 * (int)rightMargin;

int plotHeight = Chart Area. Hei ght —
(int)topMargin - (int)bottoniargin;

M ot Area = new Rectangl e(pl ot X plotY,
pl ot Wdth, plotHeight);

el se

/1 Define the plot area with Y and Y2 axes:
Si zeF y2Ti ckSi ze = g. MeasureStri ng(

Y2Li MM n. ToString(), TickFont);
for (float y2Tick = Y2Li nMn;

y2Ti ck <= Y2Li nMax; y2Tick += Y2Ti ck)

{
Si zeF tenpS ze2 = g. MeasureStri ng(
y2Ti ck. ToString(), TickFont);
if (y2TickS ze.Wdth < tenpS ze2. Wdt h)
y2Ti ckSi ze = tenpSi ze2;
}
}

right argin = x(fset + | abel Font Size. Wdth +
xSpaci ng + y2Ti ckSi ze. Wdth + ti ckSpaci ng;

int plotX = ChartArea. X + (int)leftMrgin;
int plotY = ChartArea.Y + (int)topMargin;
int plotWdth = Chart Area. Wdth —

(int)leftMargin - (int)rightMargin;
int plotHeight = Chart Area. Hei ght —

(int)topMargin - (int)bottoniargin;
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M ot Area = new Rectangl e(pl ot X plot,
pl ot Wdt h, pl ot Hei ght);

}
Then, add this method to the AddChar t St yl e method:

public void AddChart Styl e( G aphics g)

{
Set Pl ot Area(g);

/1 Draw Total Chart Area, ChartArea, and P ot Area:
Pen aPen = new Pen(Chart Border Col or, 1f);

Sol i dBrush aBrush = new Sol i dBrush( Chart BackCol or) ;
g. Fi Il Rectangl e(aBrush, ChartArea);

g. DrawRect angl e(aPen, ChartArea);

aPen = new Pen( Pl ot Bor der Col or, 1f);

aBrush = new Sol i dBrush( Pl ot BackCol or) ;

g. Fil |l Rectangl e(aBrush, H otArea);

g. DrawRect angl e(aPen, Pl ot Area);

}

This way, you no longer need to set the plot area inside For mil, making the program more
readable.

Modifying Form1 Class

Suppose we want to create a 2X2 sub-chart layout. Each sub-chart has its own chart styles. The
following is the sample code of the For il class that creates such 2x2 sub-charts:

usi ng System

usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2Db,
usi ng System Col | ecti ons;

usi ng Syst em W ndows. For ns;

namespace Exanpl e3_7

public partial class Fornl : Form

{
private SubChart sc;
private DataCol | ection dcl;
private DataCol | ection dcz;
private DataCol | ection dc3;
private DataCol | ection dc4;
private ChartStyl e csl;
private ChartStyl e cs2;
private ChartStyl e cs3;
private ChartStyl e cs4;
private Legend |g;

publ i c Formil()
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cs3
cs3
cs3
cs3
cs3
cs3
cs3
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tializeConponent();
Style(Control Styl es. Resi zeRedraw, true);
s. BackCol or = Col or. Wi te;

Set Fornl size:
s. Wdth = 650;
s. Hei ght = 600;

Sub Chart paraneters:
= new SubChart (this);
Tot al Chart BackCol or = Col or. Wi te;

Margi n = 20;
Rows = 2;
Qols = 2;

Paraneters for sub-chart 1 (0, 0):
= new Dat aCol | ection();
= new ChartStyle(this);
.TickFont = new Font("Arial", 7, FontStyle.Regul ar);

.TitleFont = new Font("Arial", 10, FontStyle.Regular);
XLimMn = Of;

. XLi mvax = 7f;

.YLinMn = -1.5f;

. YLi nax = 1. 5f;

. XTick = 1.0f;

.YTick = 0. 5f;

.Title ="Sin(x)";

Parameters for sub-chart 2 (0, 1):
= new DataCol | ection();
= new Chart Styl e(this);
. TickFont = new Font ("Arial", 7, FontStyle.Regul ar);

.TitleFont = new Font("Arial", 10, FontStyle.Regul ar);
.XLinMn = Of;

XL mvex = 7f;

.YLinMn = -1.5f;

. YLi mvax = 1. 5f;

. XTick = 1.0f;

.YTick = 0.5f;

.Title = "Cos(x)";

Paraneters for sub-chart 3 (1, 0):

= new Dat aCol | ection();

= new Chart Styl e(this);
.TickFont = new Font("Arial", 7, FontStyle.Regul ar);
.TitleFont = new Font("Arial", 10, FontStyle.Regular);

XLimMn = Of;

XL mvix = Tf
.YLimMn = -0. 5f;
YL mMax = 1. 5f;

. XTick = 1.0f;
.YTick = 0.5f;
.Title = "Sin(x)"2";
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/|l Paraneters for sub-chart 4 (1, 1):

dc4 = new DataCol | ection();

cs4 = new Chart Styl e(this);

cs4.1sY2Axis = true;

cs4.1sX@id = fal se;

cs4.1sYQid = fal se;

cs4. TickFont = new Font ("Arial", 7, FontStyle.Regular);
cs4. Titl eFont = new Font ("Arial", 10, FontStyle.Regul ar);

cs4. XLinmM n = Of;

cs4. XLi mivbx = 30f;
cs4. YLinMn = - 20f;
cs4. YLi mivbx = 20f;
cs4. XTick = 5. 0f;

cs4. YTick = 5f;

csd. Y2Li M n = 100f :
cs4. Y2Li nMax = 700f ;

cs4. Y2Ti ck = 100f;
cs4. XLabel = "X Axis";
cs4. YLabel = "Y Axis";

cs4. Y2Label = "Y2 Axis";

cs4.Title = "Wth Y2 Axis";

I'g = new Legend();

I g.1sLegendVi si bl e = true;

| g. LegendPosi ti on = Legend. LegendPosi ti onEnum Sout hEast ;

}
private void AddDat a( G aphi cs Q)
{

float x = Of;

float y = Of;

// Add Sin(x) data to sub-chart 1:
dcl. DataSeriesList.Qear();

Dat aSeri es ds = new DataSeries();

ds. Li neStyl e. Li neCol or = Col or. Red;
ds. Li neStyl e. Thi ckness = 2f;

ds. LineStyl e. Pattern = DashStyl e. Dash;

for (int i =0; i <50; i++)
{
x =i [/ 5.0f;
y = (float)Math. Sin(x);
ds. AddPoi nt (new Poi nt F(x, y));

}
dcl. Add(ds);

/1 Add Cos(x) data sub-chart 2:
dc2. Dat aSeriesList.dear();
ds = new DataSeries();
ds. Li neStyl e. Li neCol or = Col or. Bl ue;
ds. Li netyl e. Thi ckness = 1f;
ds. Synbol Styl e. Synbol Type =
Synbol Styl e. Synbol TypeEnum QpenD anond;
for (int i =0; i <50; i++)
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}

x =i [ 5.0f;
y = (float)Math. Cos(x);
ds. AddPoi nt (new Poi nt F(x, y));

}
dc2. Add(ds);

/1l Add Sin(x)"2 data to sub-chart 3:

dc3. Dat aSeri esList. A ear();

ds = new DataSeries();

ds.LineStyle.lsVisible = fal se;

ds. Synbol Styl e. Synbol Type = Synbol Styl e. Synbol TypeEnum Dot ;
ds. Synbol Style. Fil | Col or = Col or. Yel | ow,

ds. Synbol Styl e. Border Col or = ol or. Dar kCyan;

for (int i =0; i <50; i++)

{

Xx =i [/ 5.0f;
(float)Mth. Sin(x);

y
ds. AddPoi nt (new Poi nt F(x, y * y));

}
dc3. Add(ds);

/1 Add y1 and y2 data to sub-chart 4:
dc4. Dat aSeri esList.d ear();
/1 Add yl1 data:
ds = new DataSeries();
ds. Li neStyl e. Li neCol or = Col or. Red,;
ds. Li neStyl e. Thi ckness = 2f;
ds. LineStyl e. Pattern = DashStyl e. Dash;
ds. Seri esNane = "x1*cos(x1)";
for (int i =0; i <20; i++)
{
float x1 = 1.0f * i;
float yl = x1 * (float)Math. Cos(x1);
ds. AddPoi nt (new Poi nt F(x1, y1));

}

dc4. Add(ds);

/1 Add y2 data:

ds = new DataSeries();

ds. Li neStyl e. Li neCol or = Col or. Bl ue;
ds. Li neStyl e. Thi ckness = 2f;

ds. Seri esNane = "100 + 20*x2";
ds.lsY2Data = true;

for (int i =5; i <30; i++)

{

float x2 = 1.0f * i;
float y2 = 100.0f + 20.0f * x2;
ds. AddPoi nt (new Poi nt F(x2, y2));

}
dc4. Add(ds);

protected override voi d nPai nt (Pai nt Event Args e)

{
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Q aphi cs g = e. G aphi cs;

/1 Re-define Total Chart Area for resizing:
sc. Total Chart Area = this. dientRectangl €

// Add data for all sub-charts:
AddDat a( g) ;

/1 Create sub-chart |ayout:
Rectangl e[,] subchart = sc. Set SubChart(g);

// Oeate sub-chart 1:
csl. Chart Area = subchart[0O, O];
csl. AddChart Styl e(g);
dcl. AddLi nes(g, csl);

/1 Oreate sub-chart 2:
cs2. Chart Area = subchart[0, 1];
cs2. AddChart Styl e(g);
dc2. AddLi nes(g, cs2);

/l Create sub-chart 3:
cs3. Chart Area = subchart[1, 0O];
cs3. AddChart Styl e(Qg);
dc3. AddLi nes(g, c¢s3);

/1 Oreate sub-chart 4:

cs4. Chart Area = subchart[1, 1];
cs4. AddChart Styl e(g);

dc4. AddLi nes(g, cs4);

| g. AddLegend(g, dc4, csd);

g. Di spose() ;

}

It is apparent that the current For mil class looks more like an application program. All of the
chart styles, symbols, line styles, etc. are encapsulated in the other classes. In the For mil class,
you simply create various instances, set parameters, and add your data to the chart.

Let’s look at how the program works. First we create a SubChart object sc. Then we define
four Dat aCol | ect objects and four Char t St yl e objects, because we want to create a sub-
chart plot with four sub-charts, each using different Dat aCol | ecti on and Chart Styl e. We
also create a legend object which can be used in any sub-chart. Inside For mil’s constructor, we
create the instance for the SubChart object and define the corresponding parameters. Here we
set cS. Row = 2 and cs. Col s = 2 to create a 2X2 sub-chart layout. The code that follows is
standard parameter settings for each sub-chart, such as those of the single chart program we
created in the previous sections. In particular, sub-chart 4 has a Y2 axis, which demonstrates that
each sub-chart can have its own chart style, and can even have two Y axes.

Inside the AddDat a method, we add various Dat aSeri es object, ds, to the different data
collections, dc1, dc2, dc3, and dc4. Each dc has a different line and symbol style. Please note
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that we re-create the ds instance when we add it to the different Dat aCol | ect i on objects with
the following code:

ds = new DataSeries();

This is necessary because, otherwise, some of the previously defined parameters in ds will affect
the new Dat aCol | ect i on object.

Then we turn our attention to the OnPai nt method. We redefine the Tot al Chart Ar ea
property because we want our chart to have resize and repaint capability. Then we create the sub-
chart layout:

Rectangl e[,] subchart = sc. Set SubChart(g);

The subchart in this example is a 2x2 Rect angl e array. Next, we put the sub-charts in their
proper positions by assigning the Char t Ar ea to the element of the subchar t . For example:

cs3. Chart Area = subchart[1, O];

This places the sub-chart 3 to at subchart[ 1, 0], i.e., the bottom-left corner of the total chart
area.

Testing Project

By building and running the project, you should obtain the results shown in Figure 3-12. Here we
break up For il into four panes configured in a 2-by-2 fashion. It can be seen that each chart has
its own chart style. Please note that the total chart area is surrounded by a white color due to the
following commands:

sc. Tot al Chart BackCol or = Col or. Wi te;
sc. Margin = 20;

We set the background color of the total chart area to white (it can be any color), and its margin to
20 pixels. If you set the margin = 0 (the default value), you will not see the background color
because the sub-charts will occupy the entire chart area.
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Specialized 2D Charts

In this chapter, we show you how to create certain special or application-specific charts using
Visual C#. Some of these charts are typically found in commercial charting packages or
spreadsheet applications. We will discuss a variety of special charts that help display statistical
distributions of data or discrete data, including bar, stair-step, error bar, area, and stock charts.
You will also learn how to create charts in other coordinate systems, such as pie and polar charts.

Creating Bar Charts

The bar chart is useful for comparing classes or groups of data. In a bar chart, a class or group can
have a single category of data, or can be broken down further into multiple categories for a greater
depth of analysis. A bar chart is often used in exploratory data analysis to illustrate the major
features of the distribution of the data in a convenient form. It displays the data using a number of
rectangles of the same width, each of which represents a particular category. The length (and
hence area) of each rectangle is proportional to the number of cases in the category it represents,
such as, age group, religious affiliation, etc.

Implementation

You might remember that in Chapter 1, we discussed two kinds of viewports: one based on the
plot rectangle, such as the one used in developing the 2D line charts in the previous chapter, and
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one based on the drawing panel. The advantage of the first viewport is that it is simple, allowing
you to draw both the chart style (tick labels, axis labels, and title) and the data curves on the same
cont rol (including f or m). Its drawback is that you have to deal with the possibility of drawing
outside of the viewport when you change the limits of the axes. If your application involves
drawing graphics objects (for example, simple shapes such as rectangles and polygons), this
viewport is not convenient.

For the second kind of viewport, you can draw anything inside it. You don’t need to worry about
drawing outside of this viewport. Since bar charts involve drawing rectangles or polygons, this
viewport will be a natural choice. Before using it for your bar charts, you need to answer a
question first: how can you put the title, tick labels, and axis labels on your charts if this viewport
doesn’t allow you to draw on the outside? The solution is to draw the bar chart data (various
rectangles) on the viewport (a panel cont r ol ), while placing the title, tick labels, and axis labels
on another control (a f or m). Be careful when you create charts on different controls; sometimes,
the Gr aphi cs objects used to draw on these two separate controls might conflict with each other
(synchronization issues), and you may get unexpected results when you resize and repaint your
controls.

Let’s look at an example that shows how to create a bar chart with C#. Start off with a new C#
Windows Application project and call it Example4 1. Add a panel control to For ml, naming it
Pl ot Panel using the designer. Set this panel’s anchor property to anchor all four of its sides,
| eft,right,top, and bott om Open For m Desi gner. cs and change the panel’s private
property to public:

publi ¢ System Wndows. For ns. Panel Pl ot Panel ;
This way, you can access this Pl ot Panel from classes other than For nil.

Add four new classes to the project, Dat aCol | ecti on, DataSeries, ChartStyle,
and Bar St yl e. We have used first three classes extensively in the previous chapter. You can
copy them from previous projects (such as Example3 7), and modify them to fit the current
project. The Bar St yl e class is new and specific to this project. The following is its code listing:

usi ng System
usi ng System Drawi ng;
usi ng System Drawi ng. Dr awi ng2Db;

namespace Exanpl e4_1

public class BarStyl e
{
private Color fill Color = Col or. B ack;
private Col or borderCol or = Col or. Bl ack;
private float borderThi ckness = 1. 0f;
private float barWdth = 0. 8f;
private DashStyl e borderPattern = DashStyl e. Soli d;

public float BarWdth

{
get { return barWdth; }
set { barWdth = val ue; }
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virtual public DashStyle BorderPattern

{
get { return borderPattern; }
set { borderPattern = val ue; }
}
public float Border Thi ckness
{
get { return borderThi ckness; }
set { borderThi ckness = val ue; }
}
virtual public Color Fill Col or
{
get { return fillQolor; }
set { fillColor = value; }
}
virtual public Gol or Border Col or
{
get { return borderColor; }
set { borderColor = value; }
}

}

This class is very simple. We define several member fields and their corresponding properties that
allow you to specify the bar width, fill color, and border style.

You also need to modify the Chart Styl e class. First we add a bar chart type field and its
property:
private Bar TypeEnum bar Type = Bar TypeEnum Verti cal ;

publ i ¢ Bar TypeEnum Bar Type

{
get { return barType; }
set { barType = value; }
}
publ i ¢ enum Bar TypeEnum
{
Vertical = 0,
Hori zontal = 1,
Vertical Stack = 2,
Hori zont al Stack = 3,
Vertical Overlay = 4,
Hori zontal Qverlay = 5
}

Here, we define the bar Type as a Bar Tyl eEnum object. From this enumeration, you can
choose different bar chart types, including ver ti cal , hori zont al , etc. We also remove the
Pl ot Area field and its property from the class because we use Pl ot Panel instead of
Pl ot Ar ea in this project. We don’t define Pl ot Panel as a member field, so its property is
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defined internally and encapsulated by users. The other fields and properties in this class are the
same as before, so we don’t need to list them here. You can look at the complete source code in
Exanpl e4_1 on your computer.

There are three public methods in this class. The Poi nt 2D method, which is used to transform
the points from the world coordinates to the device coordinates, is the same as in project
Examplel 3,. The Pl ot Panel St yl e method defines the styles for the Pl ot Panel , including
gridlines and ticks (here, we put the ticks inside the Pl ot Panel ). This method is basically
similar to the previous projects in Chapter 3, but a minor modification is necessary to reflect the
bar chart’s specifics. The following is the code snippet of the Pl ot Panel St yl e method:

public void Pl otPanel Styl e(G aphi cs g)

{
Pen aPen = new Pen(Chart Border Col or, 1f);
Sol i dBrush aBrush = new Sol i dBrush( Chart BackCol or) ;
Si zeF tickFontSize = g. MeasureString("A', TickFont);

/1 Create vertical gridlines:
float X, fY, xm ym

aPen = new Pen(QidCol or, 1f);

aPen. DashStyle = GidPattern;

xm= XLinMn + XTi ckCf f set;

if (BarType == Bar TypeEnum Vertical ||
Bar Type == Bar TypeEnum Verti cal Qverlay ||
Bar Type == Bar TypeEnum Verti cal St ack)

{
}

/1 Create vertical gridelines:
if (IsYGid == true)

xm= XTickCffset + XLinMn + XTick / 2;

{
for (fX =xm fX < Xinhax; fX += XTick)
{ g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(f X, YLi mM n)),
Poi nt 2D( new Poi nt F(f X, YLi nivax)));
} }

/] Oeate the x-axis tick marks:
for (fX =xm fX < XLinvax; fX += XTick)

Poi nt F yAxi sPoi nt = Poi nt 2D(new Poi nt F(f X, YLinMn));
g. DrawLi ne( Pens. Bl ack, yAxi sPoint,
new Poi nt F(yAxi sPoint. X, yAxisPoint.Y - 8f));

}

/1 Oreate horizontal gridlines:

aPen = new Pen(QidCol or, 1f);

aPen. DashStyle = GidPattern;

ym= YLimMn + YTi ckCf f set;

if (BarType == Bar TypeEnum Hori zontal ||
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}

Bar Type == Bar TypeEnum Hori zont al Overl ay ||
Bar Type == Bar TypeEnum Hori zont al St ack)

{

}
if (I1sX@id == true)

ym= YTickCifset + YLinMn + YTick / 2;

for (fY=ym fY < YLinMax; fY += YTick)
{
g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(XLinM n, fY)),
Poi nt 2D( new Poi nt F( XLi nmivax, fY)));

}

/l Create the y-axis tick marks:
for (fY =ym fY < YLinMax; fY += YTick)

Poi nt F xAxi sPoi nt = Poi nt 2D( new Poi nt F(XLi M n, fY));
g. DrawLi ne( Pens. Bl ack, xAxi sPoint,
new Poi nt F(xAxi sPoi nt. X + 5f, XxAxisPoint.Y));

}
aPen. Di spose();
aBr ush. Di spose();

Please note how the method takes care of both vertical and horizontal bar charts. In this method,
we create a Sol i dBr ush object to fill the bar charts with different colors. If you like, you can

use  other

Brush objects, such as TextureBrush, HatchBrush,

Li near Gradi ent Br ush, to fill the bar charts with images, patterns, or gradient colors.

and

Another public method is Set Char t Ar ea. This method is used to specify the ticks, labels, etc.
It also contains two private methods: Set Pl ot Panel and AddLabel s. The Set Pl ot Panel

method is used to set the size and position of the Pl ot Panel . The AddLabel s method creates
the title and labels of the axes for the bar chart. The following is the code listing of these classes:

public void SetChartArea( @ aphics Q)

{

/1 Define Pl otPanel :
Set Pl ot Panel (g);

// Draw chart area:

Pen aPen = new Pen(Chart Border Col or, 1f);

Sol i dBrush aBrush = new Sol i dBrush( Chart BackCol or);
Si zeF tickFontSize = g. MeasureString("A', TickFont);
g. Fi Il Rectangl e(aBrush, ChartArea);

g. DrawRect angl e(aPen, ChartArea);

/l Oeate the x-axis tick |abels:
aBrush = new Sol i dBrush(Ti ckFont Col or);
float xm= XLinMn + XTickCffset;
float xticklabel = Of;
if (BarType == Bar TypeEnum Vertical ||
Bar Type == Bar TypeEnum Verti cal Overl ay | |
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}

Bar Type == Bar TypeEnum Verti cal St ack)

xm= XTickCOffset + XLinMn + XTick / 2;
xticklabel = XTick / 2;

for (float fX = xm fX <= XLinMax; fX += XTi ck)

Poi nt F yAxi sPoi nt = Poi nt 2D(new Poi nt F(f X, YLinMn));
StringFormat sFormat = new StringFornat();
sFormat. Ali gnnent = StringAlignnent. Center;
g.Drawstring((fX + xtickl abel). ToString(),
Ti ckFont, aBrush,
new Poi nt F(f or ml. Pl ot Panel . Left + yAxi sPoint. X
forml. M ot Panel . Top + yAxisPoint.Y + 4f), sFornat);

}

I/l Create the y-axis tick |abels:

float ym= YLimMn + YTi ckC f set;

float yticklabel = Of;

if (BarType == Bar TypeEnum Hori zontal ||
Bar Type == Bar TypeEnum Hori zont al Qverl ay ||
Bar Type == Bar TypeEnum Hori zont al St ack)

ym= YTickOffset + YLinMn + YTick / 2;
yticklabel = YTick / 2;

for (float fY =ym fY <= YLinMax; fY += YTick)

Poi nt F xAxi sPoi nt = Poi nt 2D(new Poi nt F(XLi nM n, fY));
StringFormat sFormat = new Stri ngFormat () ;
sFormat. Ali gnnent = StringAlignnent. Far;
g.Drawstring((fY + yticklabel ). ToString(),
Ti ckFont, aBrush,
new Poi nt F(fornil. Pl ot Panel . Left + xAxi sPoint.X - 3f,
fornl. M ot Panel . Top + XAxi sPoint.Y
- tickFontS ze. Height / 2), sFormat);

}
AddLabel s(Q);

private void SetPl ot Panel (G aphics @)

{

/1 Set formdl. Pl ot Panel :

float xCffset = Chart Area. Wdth / 30. Of;

float yOfset = ChartArea. Height / 30.0f;

Si zeF | abel Font S ze = g. MeasureStri ng(" A", Label Font);
SizeF titleFontSize = g. MeasureString("A', TitleFont);
if (Title. ToUpper() == "NO TI TLE")

titleFontS ze. Wdth = 8f;
titl eFontSi ze. Hei ght = 8f;
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}

fl oat
fl oat

xSpacing = xCOffset / 3.0f;
ySpacing = yOfset / 3.0f;

Si zeF tickFontSize = g. MeasureString("A', TickFont);

fl oat

tickSpacing = 2f;

Si zeF yTi ckSi ze = g. MeasureStri ng(

YLinM n. ToString(), TickFont);

for (float yTick = YLinMn + YTi ck(f f set;

{

yTi ck <= YLi mvlx; yTick += YTick)

Si zeF tenpSi ze = g. MeasureStri ng(

yTick. ToString(), TickFont);

if (yTickS ze.Wdth < tenpS ze. Wdt h)

}

fl oat

fl oat
fl oat
fl oat

yTi ckSi ze = tenpS ze;

leftMargin = xOffset + | abel Font Si ze. Wdth +

xSpaci ng + yTi ckSi ze. Wdth + tickSpaci ng;
rightargin = xO fset;
tophargin = yOfset + titleFontSize. Hei ght + ySpaci ng;
bottonMargi n = yCffset + | abel Font S ze. Hei ght +

ySpaci ng + tickSpacing + tickFontS ze. Hei ght;

/1 Define the plot panel size:

int[]

panel size = new int[4];

forml. Pl ot Panel . Left = ChartArea. X + (int)leftMargin;
forml. P ot Panel . Top = ChartArea. Y + (int)topMargin;
forml. Pl ot Panel . Wdth = Chart Area. Wdth —

(int)leftMargin - 2 * (int)rightMargin;

forml. M ot Panel . Hei ght = Chart Area. Hei ght —

(int)topMargin - (int)bottomnvargin;

formil. P ot Panel . BackCol or = pl ot BackCol or;

private void AddLabel s( @ aphi cs @)

{

fl oat
fl oat

xOfset = Chart Area. Wdth / 30. 0f;
yCffset = Chart Area. Height / 30.0f;

Si zeF | abel Font S ze = g. MeasureString(" A", Label Font);
SizeF titleFontS ze = g. MeasureString("A', TitleFont);

/1 Add horizontal axis |abel:
Sol i dBrush aBrush = new Sol i dBr ush( Label Font Col or) ;
Si zeF stringS ze = g. MeasureStri ng( XLabel , Label Font);
g. Drawstri ng( XLabel , Label Font, aBrush,
new Poi nt (formnl. Pl ot Panel . Left +
fornl. Pl ot Panel . Wdth / 2 -
(int)stringS ze.Wdth / 2, ChartArea.Bottom -
(int)yCfset - (int)label FontS ze. Height));

// Add y-axis | abel:
StringFormat sFormat = new StringFormat();
sFormat. Alignment = StringAignnent. Center;
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stringS ze = g. MeasureStri ng(YLabel , Label Font);

I/l Save the state of the current @G aphics object

Q aphi csState gState = g. Save();

g. Transl ateTransfornm{Chart Area. X + xCffset, ChartArea. Y
+ yOfset + titleFontS ze. Hei ght
+ yOfset / 3 + fornml. P ot Panel . Hei ght / 2);

g. Rot at eTr ansf or (- 90) ;

g. Drawstri ng( YLabel , Label Font, aBrush, 0, 0, sFormat);

/l Restore it:

g. Restore(gState);

/1 Add title:

aBrush = new Sol i dBrush(Titl eFont Col or);

stringS ze = g. MeasureString(Title, TitleFont);

if (Title. ToWpper() !'= "NO TITLE")

{

g.Drawstring(Title, TitleFont, aBrush,

new Poi nt (fornl. A ot Panel . Left +
forml. M ot Panel . Wdth / 2 -
(int)stringS ze.Wdth / 2,
ChartArea. Top + (int)yCifset));

}
aBr ush. D spose();
}

The Dat aSeri es class is the same as the one used in the previous project Example3 7.
However, in the Dat aCol | ect i on class, we need to change the public method AddLi nes to
AddBar s. This method is specific to the bar chart:

public void AddBars(QGaphics g, ChartStyle cs,
i nt nunber f Dat aSeries, int nunber O Poi nts)
{

/1 Draw bars:

Arraylist tenp = new ArrayList();

float[] tenpy = new fl oat [ nunber f Poi nts] ;

int n =0;

foreach (DataSeries ds in DataSeriesList)

{
Pen aPen = new Pen(ds. Bar Syl e. Bor der Col or,
ds. Bar Styl e. Bor der Thi ckness) ;
Sol i dBrush aBrush = new Sol i dBrush(ds.BarStyle. Fill Color);
aPen. DashStyl e = ds. Bar Styl e. Border Patt ern;
Point F[] pts = new Point F[ 4];
Poi nt F pt;
float width;

if (cs.BarType == Chart Styl e. Bar TypeEnum Verti cal )
if (nunber Cf Dat aSeries == 1)
width = c¢s. XTick * ds. BarStyl e. Bar Wdt h;

for (int i =0; i <ds.PointList.Count; i++)

{
pt = (PointF)ds. PointList[i];
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}

float x = pt.X - cs.XTick / 2;
pts[0] = cs. Poi nt 2D( new Poi nt F(x —
width / 2, 0));
pts[1l] = cs. Poi nt2D(new Poi nt F(x +
width / 2, 0));
pts[2] = cs. Point2D(new Poi nt F(x +
width / 2, pt.v));
pts[3] = cs. Poi nt2D(new Poi nt F(x —
width / 2, pt.vY));

g. Fi | | Pol ygon(aBrush, pts);
g. DrawPol ygon(aPen, pts);

}
el se if (nunberCfDataSeries > 1)

{

width = 0.7f * cs. XTi ck;
for (int i =0; i < ds.PointList.Count; i++)

{

}

pt = (PointF)ds. PointList[i];
float wlL = width / nunber C Dat aSeri es;
float w= ds.BarStyle. BarWdth * wi,;
float space = (WL - w) / 2;
float x = pt.X - ¢cs.XTick / 2
pts[0] = cs. Poi nt 2D new Poi nt F(
X - width/ 2 + space + n * wl, 0));
pt s[ 1] c¢s. Poi nt 2D( new Poi nt F(
X - width/ 2 +space +n* wlL +w, 0));
pts[2] = cs. Poi nt 2D new Poi nt F(
X - width / 2 + space +
n*>w +w pt.Y));
pts[3] = cs. Poi nt 2D new Poi nt F(
X - wdth / 2 + space + n * wl, pt.Y));
g. Fi | | Pol ygon(aBrush, pts);
g. DrawPol ygon(aPen, pts);

}

else if (cs.BarType ==
Chart Styl e. Bar TypeEnum Verti cal Overl ay
&% nunber Cf Dat aSeri es >1)

{
width = cs. XTick * ds.BarStyl e. Bar Wdt h;
width = width / (float)Math. Pow(2,n);
for (int i =0; i < ds.PointList.Count; i++)
{

pt = (PointF)ds.PointList[i];
float x = pt.X - cs.XTick / 2;

pts[0] = cs. Poi nt 2D( new Poi nt F( x
pts[1] = cs. Poi nt 2D( new Poi nt F( x
pts[2] = cs. Poi nt 2D( new Poi nt F( x

pts[3] = cs. Poi nt 2D( new Poi nt F( x

width / 2, 0));

+

width / 2, 0));

+

width / 2, pt.v));
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width / 2, pt.vY));
g. Fi Il Pol ygon(aBrush, pts);
g. DrawPol ygon(aPen, pts);
}

}

else if (cs.BarType ==
Chart Styl e. Bar TypeEnum Verti cal St ack
&% nunber & Dat aSeries > 1)

{
width = ¢s. XTick * ds.BarStyl e. Bar Wdt h;
for (int i =0; i < ds.PointList.Count; i+t)
{
pt = (PointF)ds.PointList[i];
if (tenp.Count > 0)
{
tenpy[i] = tenpy[i] + ((PointF)tenp[i]).Y,
}
float x = pt.X - cs.XTick / 2;
pts[0] = cs. Poi nt 2D( new Poi nt F(x —
width / 2, 0+ tenpy[i]));
pts[1] = cs. Poi nt 2D(new Poi nt F(x +
width / 2, 0 + tenpy[i]));
pts[2] = cs. Poi nt 2D(new Poi nt F(x +
width / 2, pt.Y + tenpy[i]));
pts[3] = cs. Poi nt 2D( new Poi nt F(x —
width / 2, pt.Y + tenpy[i]));
g. Fi Il Pol ygon(aBrush, pts);
g. DrawPol ygon(aPen, pts);
}
tenp = ds. Poi nt Li st;
}

else if (cs.BarType ==
Chart Styl e. Bar TypeEnum Hori zont al )
{

if (nunberf DataSeries == 1)

width = cs. YTick * ds. Bar Styl e. Bar Wdt h;
for (int i =0; i < ds.PointList.Count; i++)
{
pt = (PointF)ds. PointList[i];
float y = pt.Y - c¢s.YTick / 2;
pts[0] = cs. Point2D(new Poi nt (0, y —
width / 2));
pts[1] = cs. Point2D(new Poi nt (0, y +
width / 2));
pts[2] = cs. Point 2D new Poi nt F(pt. X
y +width/ 2));
pts[3] = cs. Poi nt 2D( new Poi nt F(pt . X,
y - width/ 2));
g. Fi Il Pol ygon(aBrush, pts);
g. DrawPol ygon(aPen, pts);
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el se if (nunber(f DataSeries > 1)

{

}

width = 0.7f * cs. YTick;
for (int i =0; i < ds.PointList.Count; i++)
{
pt = (PointF)ds. PointList[i];
float wlL = width / nunber & Dat aSeri es;
float w= ds.BarStyle.BarWdth * wi;
float space = (WL - W) / 2;
float y = pt.Y - cs.YTick / 2;
pts[0] = cs. Poi nt 2D( new Poi nt F( 0,
y - width / 2 + space + n * wl));
pts[1] = cs. Point 2D new Poi nt F( 0,
y - width/ 2 + space + n* wl +w));
pts[2] = cs. Poi nt 2D(new Poi nt F(pt . X
y - width / 2 + space + n* wl +w));
pts[3] = cs. Poi nt 2D(new Poi nt F(pt . X
y - width / 2 + space + n * wl));
g. Fi I | Pol ygon(aBrush, pts);
g. DrawPol ygon(aPen, pts);

else if (cs.BarType ==

Chart Styl e. Bar TypeEnum Hori zont al Overl ay &&
nunber Of Dat aSeries > 1)

{
width = cs. YTick * ds.BarStyl e. Bar Wdt h;
width =width / (float)Math. Pow(2, n);
for (int i =0; i < ds.PointList.Count; i++)
{
pt = (PointF)ds. PointList[i];
float y = pt.Y - c¢s.YTick / 2;
pts[0] = cs. Poi nt 2D(new Poi nt F(0,
y - width/ 2));
pts[1] = cs. Poi nt 2D(new Poi nt F(0,
y +wdth/ 2));
pts[2] = cs. Poi nt 2D(new Poi nt F(pt. X
y +wdth/ 2));
pts[3] = cs. Poi nt 2D(new Poi nt F(pt. X
y - width/ 2));
g. Fi | | Pol ygon(aBrush, pts);
g. DrawPol ygon(aPen, pts);
}
else if (cs.BarType ==
Chart Styl e. Bar TypeEnum Hori zont al Stack &&
nunber Cf Dat aSeries > 1)
{
{

width = cs. YTick * ds. BarStyl e. Bar Wdt h;
for (int i =0; i < ds.PointList.Count; i++)
{

pt = (PointF)ds. PointList[i];
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if (tenp.Count > 0)

tenpy[i] = tenpy[i] + ((PointF)tenp[i]).X

float y = pt.Y - cs.YTick / 2
pts[0] = cs. Poi nt 2D( new Poi nt F(0 +
tenpy[i], y - width / 2));
pts[1] = cs. Poi nt2D(new Poi nt F(0 +
tenpy[i], y +width/ 2));
pts[2] = cs. Point2D(new Point F(pt. X +
tenpy[i], y +width / 2));
pts[3] = cs. Poi nt2D(new Poi nt F(pt. X +
tenpy[i], y - width / 2));
g. Fi | | Pol ygon(aBrush, pts);
g. DrawPol ygon(aPen, pts);
}
tenp = ds. Poi ntList;

}

n++;
aPen. D spose();

}

In this method we implement six different types of bar charts. The bar rectangle is defined by the
point coordinates of its four corners, and is then created using the Fil | Pol ygon and
Dr awPol ygon methods.

We now turn our attention to the For il class:

Using System

usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2Db,
usi ng Syst em W ndows. For ns;

namespace Exanpl e4 1

public partial class Fornl : Form
{
private ChartStyl e cs;
private DataCol | ection dc;
private DataSeries ds;

publ i c Formi()
{
I'nitializeConponent();
this. Set Styl e(Control Syl es. Resi zeRedraw, true);

/1 Subscribing to a paint eventhandl er to P ot Panel :
P ot Panel . Pai nt +=
new Pai nt Event Handl er (Pl ot Panel Pai nt) ;

cs
dc

new Chart Styl e(this);
new Dat aCol | ection();
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/1l Specify chart style paraneters:
}
private void AddDat a( G aphi cs Q)

/1 Add first data series:

}
private void Pl ot Panel Pai nt (obj ect sender, PaintEventArgs e)
{

Q aphi cs g = e. G aphi cs;

AddDat a( g) ;

cs. Pl ot Panel Styl e(g);

dc. AddBars(g, cs,

dc. Dat aSeri esLi st. Count, ds. PointList. Count);

}
protected override voi d nPai nt (Pai nt Event Args e)
{

Q aphi cs g = e. G aphi cs;

cs.ChartArea = this.dientRectangl e;

cs. SetChart Area(g);
}

}

This class in this example is very simple. However, you must be careful here. The first thing you
may notice is that we subscribe a paint even handler for the Pl ot Panel :

P ot Panel . Pai nt += new Pai nt Event Handl er ( Pl ot Panel Pai nt) ;

This enables you to draw graphics objects on the Pl ot Panel using the Pl ot Panel Pai nt
(which you can give any name) method. We also override For ml’s OnPai nt method. This
method is used to draw graphics objects directly on For nil (outside of the Pl ot Panel ). These
two paint methods are responsible for drawing in different regions by calling their methods. You
can see that the Pl ot Panel Pai nt method calls AddDat a, Pl ot Panel Styl e, and
AddBar s, all of which are related to drawing inside the Pl ot Panel . Additionally, we define
the chart area by calling the Set Chart Ar ea method inside the OnPai nt method in the
For mi class.

Bar Charts

In order to create a bar chart using this example program, you need to specify the chart style
parameters and add data points to the project in the For ml class. Here is the code snippet for
creating a vertical bar chart:

Using System

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em W ndows. For ns;
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namespace Exanpl e4_1

{

public partial class Fornl : Form

{
private ChartStyl e cs;
private DataCol | ection dc;
private DataSeries ds;

public Formi()

{
InitializeConponent();
this. Set Styl e(Control Styl es. Resi zeRedraw, true);
t hi s. BackGCol or = Col or. Wi te;
/1 Subscribing to a paint eventhandl er to draw ngPanel :
M ot Panel . Pai nt +=
new Pai nt Event Handl er (Pl ot Panel Pai nt);
cs = new ChartStyl e(this);
dc = new DataCol | ection();
/1l Specify chart style paraneters:
cs.Title = "Bar Chart";
cs. XLinMn = Of;
cs. XLi mvax = 5f;
cs.YLinMn = Of;
cs. YLi mivbx = 10f;
cs. XTick = 1f;
cs. YTick = 2f;
cs. Bar Type = Chart Styl e. Bar TypeEnum Verti cal ;
}
private void AddDat a( @ aphi cs g)
{
float x, vy;
/1 Add data series:
dc. Dat aSeri esList.dear();
ds = new DataSeries();
ds. Bar Styl e. Border Col or = ol or. Red;
ds.BarStyle.Fill Color = Col or. G een;
ds. Bar Styl e. BarWdth = 0. 6f;
for (int i =0; i <5; i++)
{
X =i +1;
y = 2.0f * x;
ds. AddPoi nt (new Poi nt F(x, y));
}
dc. Add(ds);
}
private void Pl ot Panel Pai nt (obj ect sender, PaintEventArgs e)
{

G aphics g = e. G aphi cs;
AddDat a(g) ;
cs. Pl ot Panel Styl e(g);
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dc. AddBars(g, cs, dc.DataSeri esList. Count,
ds. Poi nt Li st. Count) ;

}
protected override voi d nPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
cs.ChartArea = this.dientRectangl e;
cs. SetChart Area(g);
}

}
This code generates the output of Figure 4-1.

Ear Chart

Y OAKIS

W Axis
Figure 4-1 Vertical bar chart.

In this class, we set the Bar Type property to Vertical (this is also the default value). The other
parameters defined in the constructor are standard properties for any chart. Inside the AddDat a
method, we associate bar style properties with the data series. Here we set the bar width = 0.6 (the

default value is 0.8). The value of the bar width must be in the region of [0, 1].

In some cases, some of your points may be missing data. You can create a bar chart by assigning a

zero value for y at the missing data point. For example:
x=[1,2,3,4,5], y=[2,0, 3,8, 10]

This data set will create the result shown in Figure 4-2.
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Ear Chart

Y oAxIS

X Axis

Figure 4-2 Vertical bar chart with a missing data at x = 2.

You can create a horizontal bar chart just as easily using the current program. Change some of the
parameters in the above code listing of For mL. cs to the following:

cs. XLinMn = Of;
cs. XLi nivlx = 10f;
cs.YLinMn = Of;
cs. YLi nivlix = 5f;
cs. XTick = 2f;
cs. YTick = 1f;

cs. Bar Type = Chart Styl e. Bar TypeEnum Hori zont al ;

Ear Chart
5
4
L
I3
-—
2
1
| | |
0 2 4 B g 10
woAxs

Figure 4-3 Horizontal bar chart.
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Here we specify the Bar Type as Hor i zont al and switch the X and Y axis limits. There is no
need to change anything inside the AddDat a method. Build and run the project. You should
obtain the horizontal chart of Figure 4-3.

Group Bar Charts

When you have multiple sets of data with the same X values, you can create a group vertical bar
chart using the current example program. The Y values are distributed along the X-axis, with each
Y at a different X drawn at a different location. All of the Y values at the same X are clustered
around the same location on the X-axis. In order to create such a bar chart, we use the following
parameters in For ml’s constructor:

cs. XLimMn = Of;
cs. XLi mvax = 5f;
cs.YLinMn = Of;
cs. YLi mivax = 10f;
cs. XTick = 1f;
cs. YTick = 2f;

cs. Bar Type = Chart Styl e. Bar TypeEnum Verti cal ;

And we change the AddDat a method to be following:

private voi d AddDat a( G aphi cs g)
{
float X, y;
/1 Add first data series:
dc. Dat aSeri esList.Qear();
ds = new DataSeries();
ds. Bar Styl e. Border Col or = Col or. Red;
ds.BarStyle.Fill Color = Color. G een;
for (int i =0; i <5; i++)
{

X i+ 1;
y = 2.0f * x;
ds. AddPoi nt (new Poi nt F(x, Yy));

}
dc. Add(ds);

/1 Add second data series:

ds = new DataSeries();

ds. Bar Styl e. Bor der Col or = Col or. Red;
ds.BarStyle.Fill Color = Color. Yel | ow,

for (int i =0; i <5; i++)
{
X =i +1;
y = 1.5f * x;
ds. AddPoi nt (new Poi nt F(x, Yy));

}
dc. Add(ds);

// Add third data series:
ds = new DataSeries();
ds. Bar Styl e. Border Col or = (ol or. Red;
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ds.BarStyle.Fill Col or = Col or. Bl ue;

for (int i =0; i <5; i++)
{ .
X =i +1;
y = 1.0f * x;
ds. AddPoi nt (new Poi nt F(x, y));
}
dc. Add(ds);

}

We add three sets of data series to the project, all with the same set of X values. The default bar
width = 0.8 is used. The fill colors are green, yellow, and blue, while the border color is red for all
of the bars. These data sets produce the results shown in Figure 4-4.

Ear Chart
10

WoANIS

® Axis

Figure 4-4 Grouped vertical bar chart.

Using the same data series, you can also generate a grouped horizontal bar chart. Just change the
parameters in For mlL’s constructor to the following:

CS.
Cs.
Cs.
Cs.
Cs.
Cs.
Cs.

XLimM n = Of;
XLi mvax = 10f;
YLiMM n = Of;
YLi nivex = 5f;
XTick = 2f;
YTick = 1f;

Bar Type = Chart Syl e. Bar TypeEnum Hori zont al ;

This produces the results of Figure 4-5.
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Figure 4-5 Grouped horizontal chart.
Overlay Bar Charts

It is also easy to create an overlay bar chart using the current example program. Use the same code
for the AddDat a method as the previous sub-section, and change the parameters in For ni’s

constructor:

Bar Chart

YA

1 2 3 4 5
W AKS

Figure 4-6 Overlaid vertical bar chart.
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cs.
cs.
cs.
cs.
cs.
Cs.
Cs.

XLinMn = Of;

XLi nivax = 5f;

YLinM n = Of;

YLi nivex = 10f;

XTick = 1f;

YTi ck = 5f;

Bar Type = Chart Styl e. Bar TypeEnum Verti cal Qverl ay;

This project will create the output of Figure 4-6.

Ear Chart
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Figure 4-7 Overlaid horizontal bar chart.

To create a horizontal chart, change the parameters to:

Cs.
Cs.
Cs.
Cs.
Cs.
Cs.
Cs.

XLimMM n = Of;

XLi mvax = 10f;

YLiMM n = Of;

YLi mivax = 5f;

XTick = 2f;

YTick = 1f;

Bar Type = Chart Styl e. Bar TypeEnum Hori zont al Over | ay;

This gives a horizontal overlay bar chart, as shown in Figure 4-7.

Stacked Bar Charts

Bar charts can show how different Y values at the same X point contribute to the sum of all of the
Y values at the point. These types of bar charts are referred to as stacked bar charts.

Stacked bar graphs display one bar per X value. The bars are divided into several fragments
according to the number of X values. For vertical stacked bar charts, the height of each bar equals



Chapter 4 Specialized 2D Charts 167

the sum of all of the Y values at a given X value. Each fragment is equal to the value of its

respective Y value.

In order to create a vertical stacked bar chart, change the parameters in For ml’s constructor:

Cs.
cs.
cs.
cs.
cs.
Cs.
cs.

XLi nM n
XLi mivex
YLi "M n
YLi mivex
XTick =
YTick =
Bar Type

= 0Of;

5f;

of;;

25f ;

5f ;

= Chart Styl e. Bar TypeEnum Verti cal St ack;

[EnY
=

Here we set the Bar Type to Ver ti cal St ack. We also increase the Y axis’s maximum limit to
25. This produces the results of Figure 4-8.

Ear Chart

25

20

15

Y Axis

X Axis

Figure 4-8 Vertical stacked bar chart.

For horizontal stacked bar charts, you need to change the parameters as follows:

Cs.
Cs.
Cs.
Cs.
cs.
cs.
cs.

= 0f;
25f;
Of ;
5f;
5f;

= 1f;

= Chart Styl e. Bar TypeEnum Hor i zont al St ack;

Building and executing the project generate the output of Figure 4-9

Bar Charts with Color Map

You might notice from the previous sections that all of the bars in the same data series have the
same color. With little effort, however, you can assign a desired color map to each bar. The typical
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approach is to associate bar colors with bar heights (the Y-values). The following steps describe
one way to do this, first by using faceted shading and then using smooth (interpolated) shading.

Ear Chart

I I I
1] ] 10 15 20 25

x Axis

Figure 4-9 Horizontal stacked bar chart.

Here we illustrate how to create a bar chart with a color map using a vertical bar chart with a
single set of data series. Let’s start with a new C# Windows Application project, Example4 2.
This project is based on the previous project, Example4 I. Add all of the class files of
Example4 1 to the current project and change their namespace to Example4 2. Also, add the
Col or Map class of Examplel 8 to this project and change its namespace to Example4 2. Add
three new field members and their corresponding properties to the Dat aSer i es class:

private bool isColorMap = fal se;
private bool isS ngleColorMyp = fal se;
private int[,] crmap;

public int[,] Qvap
{

get { return cmap; }
set { cmap = value; }

}

publ i c bool |sCol or Map

{
get { return isCol or Map; }
set { isColorMap = val ue; }

}

publ i c bool 1sS ngl eCol or Map

{

get { return isS ngl eCol or Map; }
set { isSingleCol orMap = val ue; }
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Add a private Dr awCol or Map method to the Dat aCol | ect i on class:
private void DrawCol or Map( G-aphics g, PointF[] pts, int[,] cnap,

{

}

float ymn, float ynax, float y)

int colorLength = crmap. Get Lengt h(0);
int cindex = (int)Mth. Round((colorLength * (y - ymn) +
(){nax - y)) [ (ymax - ynin));

if (cindex < 1)
cindex = 1;

i f (cindex > col orLengt h)
ci ndex = col or Lengt h;

Col or col or = Col or. FromArgb(cmap[ci ndex - 1, 0],
cmap[cindex - 1, 1], cmap[cindex - 1, 2],
cnap[cindex - 1, 3]);

Sol i dBrush aBrush = new Sol i dBrush(col or);

g. Fi I I Pol ygon(aBrush, pts);

Modify the AddBar s method in the Dat aCol | ecti on class for vertical bar chart with one
Dat aSeri es:

public void AddBars(Gaphics g, ChartStyle cs,

{

int nunber Cf Dat aSeri es, int nunber f Poi nts)

if (cs.BarType == Chart Styl e. Bar TypeEnum Verti cal )

if (nunber Cf Dat aSeries == 1)

{
/1 Find the m nunumand maxi rumy val ues:
float ymn = 0;
float ymax = 0;
for (int i =0; i <ds.PointList.Count; i++)
{

pt = (PointF)ds. PointList[i];

ymn = Math. Mn(ymn, pt.VY);
ymax = Mat h. Max(ymax, pt.Y);
}
width = c¢s. XTick * ds. BarStyl e. Bar Wdt h;
for (int i =0; i <ds.PointList.Count; i++)
{

pt = (PointF)ds. PointList[i];
float x = pt.X - c¢s.XTick / 2
pts[0] = cs. Poi nt 2D( new Poi nt F(
X - width/ 2, 0));
pts[1] c¢s. Poi nt 2D(new Poi nt F(
Xx +wdth/ 2, 0));
pts[2] = cs. Poi nt 2D( new Poi nt F(
X +wdth/ 2, pt.Y));
c¢s. Poi nt 2D(new Poi nt F(
X - width/ 2, pt.VY));
i f (ds.1sSingl eCol or Map)
{

pts[ 3]
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Dr awCol or Map(g, pts, ds.Qvap,
ynin, ynmax, pt.Y);

}
else if (ds.IsCol or Map)

float dy = (ymax - ymn) / 100;
Point F[] poi nts = new Poi nt F[ 4] ;
for (int j =0; j <= (int)Mth.Round(100 *
{ (pt.Y - ymn) / (ymax - ymn)); j++)

poi nt s[0] = cs. Poi nt 2D( new Poi nt F(
X - width/ 2, (j - 1) * dy));
poi nts[ 1] = cs. Poi nt 2D( new Poi nt F(
X +width/ 2, (j - 1) * dy));
poi nts[2] = cs. Poi nt 2D( new Poi nt F(
X +wdth/ 2, j * dy));
poi nts[ 3] = cs. Poi nt 2D( new Poi nt F(
X - width/ 2, j * dy));
Dr awCol or Map(g, points, ds. Qvap,
ymn, ymax, j * dy);

}
}
el se

g. Fi I'| Pol ygon(aBrush, pts);

}
g. DrawPol ygon(aPen, pts);
}

}
el se if (nunber(f DataSeries > 1)
{

,

Here, we implement two kinds of color maps. One involves the bar’s color assigning according to
its y value; i.e., each bar has a different single color. This single color map for each bar is
controlled by the bool parameter | sSi ngl eCol or Map. The other color map involves setting
different colors for the vertices on the baseline and on the top, and then applying interpolated
shading to change the ARGB values going up the bars. This color map is specified by the property
| sCol or Map.

In order to examine the effect of the color map, we need to modify the For mil class as well. Here
is the code listing of the For mil class that creates a bar chart with a single color map:

usi ng System

usi ng System Drawi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System W ndows. For ns;

nanespace Exanpl e4_2

public partial class Fornl : Form
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private ChartStyl e cs;
private DataCol | ection dc;
private DataSeries ds;
private Col orMap cm

public Formi()
{

}

InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);

/1l Subscribing to a paint eventhandl er to draw ngPanel :
M ot Panel . Pai nt +=
new Pai nt Event Handl er (Pl ot Panel Pai nt);

cs = new Chart Styl e(this);

dc = new DataCol | ection();

cm = new Col or Map(100, 180);

/1l Specify chart style paraneters:
cs.Title = "Bar Chart"”;

cs. XLinMn = Of;
cs. XLi mivax = 5f;
cs.YLinMn = Of;
cs. YLi mivbx = 10f;
cs. XTick = 1f;
cs. YTick = 2f;

cs. Bar Type = Chart Styl e. Bar TypeEnum Verti cal ;

private voi d AddDat a( G aphi cs Q)

{

}

float x, vy;

// Add first data series:

dc. Dat aSeri esList.dear();

ds = new DataSeries();

ds. Bar Styl e. Border Col or = ol or. Red;
ds. |1 sSingl eCol or Map = true;

ds. Qvap = cmJet();

for (int i =0; i <5; i++)
{
X =i + 1
y = 2.0f * x;
ds. AddPoi nt (new Poi nt F(x, y));

}
dc. Add(ds);

private void Pl ot Panel Pai nt (obj ect sender, PaintEventArgs €)

{

Q aphi cs g = e. G aphi cs;

AddDat a( ) ;

cs. Pl ot Panel Styl e(g);

dc. AddBars(g, cs, dc. DataSeri esLi st. Count,
ds. Poi nt Li st. Count) ;
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}
protected override voi d nPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
cs.ChartArea = this.dientRectangl e;
cs. SetChart Area(g);
}

}
Please note that in the AddDat a method, we specify two new parameters:

ds. I sSingl eCol or Map = true;
ds.Qvap = cmJet();

The first parameter determines the color map type (single color), while the second parameter sets
the color map matrix to “Jet” defined in the Col or Map class. By building and running this
project, you should obtain the results of Figure 4-10.
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Figure 4-10 Bar chart with a single color map for each bar.

To make the chart more readable, you can apply a true color map for each bar. Just change the
following two lines of the above code snippet to,

ds. sCol orMap = true;
ds.Qvap = cmJet();

This produces the output of Figure 4-11. You can easily apply the same color maps to horizontal
bar charts with little effort. I will leave this for you as practice.
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Figure 4-11 Bar chart with a true color map for each bar.

Creating Stair Step Charts

In this section, we will show you how to create a stair-step chart. Instead of creating lines which
directly connect your data, you can choose to have your data plotted in such a way that
emphasizes the discrete nature of the data. Namely, the stair-step charts draw horizontal lines at
the level specified by the y data. This level will be held constant over the period between the
values specified by the x data values. Stair-step charts are similar to bar charts excepting for the
fact that vertical lines are not dropped down all the way to the zero value point on the y axis. This
type of plot is useful for drawing time-history plots of digitally sampled data systems.

Implementation

Here we show you how to create a stair-step chart using C#. Let’s start with a new C# Windows
Application project and call it Example4 3, this project is based on the previous project,
Example3 4, so you will need to add all of the class files from Example3 4, including the For mil
class, to the current project, and change the namespace of all of the files from Example3 4 to
Example4_3. In addition, add a new class called StairstepStyle to the project. The
following is its code listing:

usi ng System
usi ng System Dr aw ng;
usi ng System Drawi ng. Drawi ng2Db;

nanespace Exanpl e4_3

public class StairstepStyl e

{
private DashStyle |inePattern = DashStyle. Soli d;
private Color |ineColor = Col or. Bl ack;
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private float LineThickness = 1.0f;

public StairstepStyle()

{
}
virtual public DashStyle Pattern
{
get { return linePattern; }
set { linePattern = value; }
}
public float Thi ckness
{
get { return LineThi ckness; }
set { LineThickness = val ue; }
}
virtual public Golor LineColor
{
get { return lineColor; }
set { lineColor = val ue; }
}

}

This class is very similar to the LineStyle class. Add a new public method,
AddSt ai r St eps, to the Dat aCol | ecti on class:

public void AddStairSteps(Qaphics g, ChartStyl e cs)

{
foreach (DataSeries ds in DataSeriesList)

{
Pen aPen = new Pen(ds. StairstepStyle. Li neCol or,
ds. StairstepStyl e. Thi ckness);
aPen. DashStyl e = ds. StairstepStyl e. Pattern;
Arraylist aList = new ArrayList();
PointF pt1l = new Point F();
PointF pt2 = new Point F();

/] Ceate Stairstep data:
for (int i =0; i <ds.PointList.Count - 1; i++)
{

ptl = (PointF)ds. PointList[i];

pt2 = (PointF)ds. PointList[i + 1];

alList. Add(ptl);

aLi st. Add(new Point F(pt2. X, ptl.Y));

}
aLi st. Add(ds. Poi nt Li st[ds. Poi ntLi st. Count - 1]);
/1l Draw stairstep chart:
for (int i =1; i < aList.Count; i++)
{
g. DrawLi ne(aPen, cs. Point2D((PointFaList[i - 1]),
cs. Point2D( (Point F)aList[i]));
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}

aPen. D spose() ;

In the Dat aSer i es class, add a field member and corresponding property:

private StairstepStyle stairstepStyle = new StairstepStyle();

public StairstepStyle StairstepStyle

{

}

get { return stairstepStyle; }
set { stairstepStyle = value; }

This enables you to access the properties of the StairstepStyle class from the
Dat aSeri es class and assign a stair-step style to each data series.

Testing Project

In order to test the stair-step chart project, you need to specify its style in the For mil class. The
following code listing of For mil creates a simple Sine stair-step chart:

usi ng System
usi ng System Dr awi ng;
usi ng System Draw ng. Draw ng2b,
usi ng System Col | ecti ons;

usi ng System W ndows. For ns;

nanespace Exanpl e4_3

{

public partial

{

class Forml : Form

private DataCol | ection dc;
private ChartStyl e cs;

public Formi()

{

InitializeConponent();
Set Styl e(Control Styl es. Resi zeRedraw, true);
Thi s. BackCol or = Col or. Wi te;

/1 Set Fornl size:

this. Wdth = 350;

this. Hei ght = 350;

= new Dat aCol | ection();
= new Chart Styl e(this);

dc
cs

CSs.
CS.
CSs.
CS.
CSs.
CSs.
Cs.
CS.

OrF I 11 n

of ;

8f ;

-1.5f;

1. 5f;

. Of ;

. 5f;

"This is X axis";
"This is Y axis";
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cs.Title ="Sn(x)";

}
private voi d AddDat a( G aphi cs Q)
{
dc. Dat aSeri esList.Qear();
// Add Sine data points:
Dat aSeries dsl = new DataSeries();
dsl. StairstepStyl e. Li neCol or = Col or. Red;
for (int i =0; i <50; i++)
ds1. AddPoi nt (new Poi nt F(0. 4f * i,
(float)Math. Sin(0.4f * i)));
}
dc. Add(ds1);
}
protected override voi d nPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
cs.ChartArea = this.dientRectangl e;
Set Pl ot Area(g);
AddDat a( g) ;
cs. AddChart Styl e(g);
dc. AddStai r Steps(g, cs);
g. D spose();
}
private void SetPl ot Area( @ aphics Q)
{
}

}

Here we use a red pen to draw the stair-step chart by specifying the line style within the AddDat a
method. Running this program generates the output of Figure 4-12.

You can overlap a stair-step chart with a line plot. This can be done by changing the AddDat a
method:

private voi d AddDat a( G aphi cs Q)

dc. Dat aSeri esList.dear();
/1 Add Sine data with 7 data point:
Dat aSeries dsl = new DataSeries();
dsl. Li neStyl e. Li neCol or = Col or. Bl ack;
dsl. LineStyle. Pattern = DashStyl e. Dash;
dsl. Synbol Styl e. Synbol Type =

Synbol Styl e. Synbol TypeEnum G rcl €;
dsl. StairstepStyl e. LineCol or = Col or. Red;
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Figure 4-12 Stair-step chart of a sine function.
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Figure 4-13 Stair-step and line chart of a sine function.
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for (int i =0; i <50; i++)

ds1. AddPoi nt (new Poi nt F(0. 4f * i,
(float)Math.Sin(0.4f * i)));

}
dc. Add(ds1);
}

Here we specify both stair-step chart and line chart styles. Within the OnPai nt method, we need
to add the following code snippet:

dc. AddLi nes(g, cs);
Rebuilding this project should obtain the results shown in Figure 4-13.

Creating Stem Charts

Stem charts provide another way to visualize discrete data sequences such as digitally sampled
time series data. In this type of chart, vertical lines terminate with a marker symbol at each data
value. In a 2D stem chart, these stem lines extend from the x axis.

Implementation

Start with a new C# Windows Application project, Example4 4. This project is also based on the
previous project, Example3 4. Add all of the class files of Example3 4 to the current project, and
change their namespace from Example3 4 to Example4 4. Add a new public method,
AddSt ens, to the Dat aCol | ect i on class:

public void AddStens(Q aphics g, ChartStyle cs)
{

PointF pt = new Point F();

Point F pt0 = new Point F();

/1 Plot Stens:
foreach (DataSeries ds in DataSerieslList)
{

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,

ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. LineStyl e. Pattern;
if (ds.LineStyle.PM otMthod ==
Li neStyl e. P ot Li nesMet hodEnum Li nes)

{
for (int i =0; i < ds.PointList.Count; i++)
{
pt = (PointF)ds. PointList[i];
pt0 = new Poi nt F(pt. X 0);
g. DrawLi ne(aPen, cs. Point2D(pt0), cs. Point2D(pt));
}
}

}
/1 Mot Synbols:
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foreach (DataSeries ds in DataSeriesList)

{
for (int i =0; i <ds.PointList.Count; i++)
{
pt = (PointF)ds.PointList[i];
if (pt.X >=cs. XLimMn & pt. X <= cs. XLi nMax &&
pt.Y >= cs.YLinMn & pt.Y <= cs. YLi nMax)
{
ds. Synbol Styl e. DrawSynbol (g,
cs. Point2D((Poi nt F)ds. PointList[i]));
}
}
}
}
Testing Project

The Forml class is similar to that of the previous project, Example4 3, with this small
modification of the AddDat a method:

private voi d AddDat a(Q aphi cs g)

{
dc. Dat aSeriesList.Qear();

/1 Add Sine data:

Dat aSeries dsl = new DataSeries();

dsl. LineStyl e. LineCol or = Col or. Red;

dsl.LineStyle. Pattern = DashStyle. Sol i d;

dsl. LineStyl e. Pl ot Met hod = Li neStyl e. Pl ot Li nesMet hodEnum Li nes;
dsl. SeriesNane = "Sine";

ds1. Synbol Styl e. Synbol Type = Synbol Styl e. Synbol TypeEnum D armond;
dsl. Synbol Styl e. Border Col or = Col or. Red;

dsl. Synbol Style.Fill Col or = Col or. Yel | ow,

dsl. Synbol Styl e. Bor der Thi ckness = 1f;

for (int i =0; i <50; i++)

dsl. AddPoi nt (new Poi nt F(0. 4f * i,
(float)Math. Sin(0.4f * i)));

}
dc. Add(dsl);
}

This method is exactly the same as the one used in a standard line chart. The line and symbol
styles specified are used to draw the stem chart. Finally, we need to call the public method
AddSt ens from the OnPai nt method:

protected override voi d OnPai nt (Pai nt Event Args e)
{

Q aphi cs g = e. G aphi cs;

cs.ChartArea = this.dient Rectangl e;

Set Pl ot Area(g);

AddDat a(g) ;

cs. AddChart Styl e(g);

dc. AddStens(g, cs);
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g. D spose() ;

This project produces the output of Figure 4-14. The current program has the ability to create a
stem chart that terminates at any marker symbol. In addition, these terminators can be filled or
unfilled. You can also generate a stem chart with lines of various dash styles.
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Figure 4-14 Stem chart of a sine function.

Creating Charts with Error Bars

Error bars show the confidence level of data or the deviation along a curve. Error bar charts plot
the y data and draw an error bar at each Y data value. The error bar is the distance of the error
function above and below the curve so that each bar is symmetric around the curve.

Implementation

Start a new C# Windows Application project and call it Example4 5. This project is based on the
previous project, Example4_4. Add all of the class files of Example4 4 to this project and change
their namespace to Example4 5. Then, add a new class, Er r or bar St yl e, to the project. The
following is the code listing of this new class:

usi ng System

usi ng System Col | ecti ons. Generi c;
usi ng System Drawi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System Text;

nanespace Exanpl e4 5

public class ErrorbarStyle

{
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private DashStyle |inePattern = DashStyle. Sol i d;
private Color lineColor = Col or. B ack;
private float LineThickness = 1.0f;

public ErrorbarStyle()

{
}
virtual public DashStyle Pattern
{
get { return linePattern; }
set { linePattern = value; }
}
public float Thi ckness
{
get { return LineThi ckness; }
set { LineThickness = val ue; }
}
virtual public Golor LineColor
{
get { return lineColor; }
set { lineColor = val ue; }
}

}

This class is basically similar to the Li neStyle class. Both the LineStyle and
Errorbar Styl e classes allow you to specify the styles for the line and the error bar
independently.

Inside the Dat aSer i es method, add the following code snippet:

private ErrorbarStyle errorbarStyle;
private Arraylist errorlist;

public ArrayLi st ErrorlList

{
get { return errorList; }
set { errorList = value; }
}
public ErrorbarStyle ErrorbarStyle
{
get { return errorbarStyle; }
set { errorbarStyle = val ue; }
}
public void AddError Dat a( Poi nt F pt)
{

errorList.Add(pt);
}
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To this class, we add two field members and their corresponding properties. The Er r or Li st
property holds the data of the error bars, and the Error bar St yl e property allows you to
specify the error bar style for each data series. The public method AddEr r or Dat a lets you add
the data values of the error bars to the Er r or Li st .

Next, we need to add a public method, AAdEr r or Bar s, to the Dat aCol | ect i on class:

public void AddErrorBars(Gaphics g, ChartStyle cs)
{

PointF pt = new Point F();

Point F pt0 = new Point F();

foreach (DataSeries ds in DataSeriesList)
{
Pen |inePen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness);
| i nePen. DashStyl e = ds. Li neStyl e. Pattern;
Pen errorPen = new Pen(ds. Errorbar Styl e. Li neCol or,
ds. Error bar Styl e. Thi ckness) ;
errorPen. DashStyle = ds. Errorbar Styl e. Pattern;
float barLength = 0;

/1l Draw lines:
if (ds.LineStyle.P otMthod ==
Li neStyl e. M ot Li nesMet hodEnum Li nes)

{
for (int i =1; i <ds.PointList.Count; i++)
{
pt0 = (PointF)ds. PointList[i - 1];
pt = (PointF)ds.PointList[i];
g. DrawLi ne(l i nePen, cs. Point2D(pt0), cs.Point2D(pt));
barLength = (pt.X - pt0.X) / 4,
}
}
/1l Draw error bars:
for (int i =0; i <ds.ErorList.Count; i++)
{
PointF errorPoint = (PointF)ds.ErrorList[i];
PointF IinePoint = (PointF)ds. PointList[i];
pt 0 = new Poi nt F(I i nePoi nt. X
linePoint.Y - errorPoint.Y / 2);
pt = new Poi nt F(1 i nePoi nt. X
linePoint.Y + errorPoint.Y / 2);
g. DrawLi ne(errorPen, cs. Point2D(pt0), cs.Point2D(pt));
PointF pt1l = new Poi nt F(pt0. X - barLength / 2, pt0.Y);
PointF pt2 = new Poi nt F(pt 0. X + barLength / 2, pt0.Y);
g. DrawLi ne(errorPen, cs.Point2D(ptl), cs.Point2D(pt2));
ptl = new PointF(pt. X - barLength / 2, pt.Y);
pt2 = new Point F(pt. X + barLength / 2, pt.VY);
g. DrawLi ne(errorPen, cs.Point2D(ptl), cs.Point2D(pt2));
}

I i nePen. Di spose();
error Pen. D spose();
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}

In this method, we first draw lines with the data points from the Poi nt Li st , and then draw error
bars with the data values in the Er r or Li st .

Testing Project

To test this example project, you need to make a small modification to the For ml class. First,
insert the following code snippet into the For ml constructor:

public Formi()

{

}

InitializeConponent();
SetStyle(Control Styl es. Resi zeRedraw, true);
Thi s. BackCol or = Col or. Wi te;

/1 Set Fornl size:

this. Wdth = 350;

this. Height = 350;

dc = new DataCol | ection();
cs = new Chart Styl e(this);

cs. XimMMn = Of;
cs. XLi mvax = 12f;
cs.YLimMn = -1f;
cs. YLi nMax = 6f;
cs. XTick = 2.0f;
cs. YTick = 1.0f;
cs. XLabel ="This is X axis";
cs.YLabel = "This is Y axis";

cs.Title = "Exp(x)";

Change the code of the AddDat a method to the following:
private voi d AddDat a( G aphi cs Q)

{

dc. Dat aSeri esList.dear();

/! Add S ne data:
Dat aSeries dsl = new DataSeries();
dsl. Li neStyl e. Li neCol or = Col or. Red;
dsl. LineStyle. Pattern = DashStyle. Soli d;
dsl. Li neStyl e. Pl ot Met hod =

Li neStyl e. P ot Li nesMet hodEnum Li nes;
dsl. Errorbar Styl e. Li neCol or = Col or. Bl ue;
for (int i =2; i <22, i++)

ds1. AddPoi nt (new Poi nt F(0. 5f * i,
10.0f * (float)Math. Bxp(-0.5f * i)));

for (int i =2; i <22; i++)

dsl1. AddEr r or Dat a( new Poi nt F(0.5f * i,
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3.0f / (0.5f *i)));
}
dc. Add(ds1);
}

In this method, we assume that the error function is proportional to 1/x. However, you can specify
any error function you like, such as the standard deviation, etc.

Add the following line of code to the OnPai nt method:
dc. AddErrorBars(g, cs);

Run the application by pressing F5. You should obtain the results of Figure 4-15. The current
program has the flexibility to allow you to specify the style of the data lines and the error bars
separately.
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Figure 4-15 Error bar chart.

Creating Pie Charts

Creating a pie chart in C# is quite simple, since there is a Dr awPi e method already available in
the Graphics class. This method accepts the start angle and sweep angle as arguments, so it is
quite simple to use: just add up all of the values, calculate the portion for each one, and convert
this value to a sweep angle for the corresponding pie slice.
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Implementation

Start with a new C# Windows application project, Example4 6. Add the Col or Map class of the
previous project Example4 2 to the current project and change its namespace to Example4 6. Add
the new classes of ChartStyle, DataSeries, and Legend to the project. The
Chart Styl e class is very simple in this case:

usi ng System

usi ng System Col | ecti ons;

usi ng System Dr aw ng;
usi ng System Drawi ng. Drawi ng2Db;

nanmespace Exanpl e4_6

{
public class ChartStyle
{
private Fornl forni;
private int offset;
public ChartStyl e(Fornl fni)
{
forml = fni;
}
public int Cffset
{
get { return offset; }
set { offset = value; }
}
public Rectangl e SetPi eArea()
{
Ofset = fornl. Pl ot Panel . Wdth / 10;
int height = fornl. PlotPanel . Height — 2 * Cffset;
int width = height;
Rectangl e rect = new Rectangl e(Cffset,
G fset, width, height);
return rect;
}
}
}

Here we want to draw the pie chart on a panel control, Pl ot Panel . The offset field and its
corresponding property define the top and left margins of the pie chart, and also control the size of
the pie chart. The public method Set Pi eAr ea returns the rectangle the pie chart occupies.

The following is the code listing of the Dat aSer i es class:
usi ng System

usi ng System Col | ecti ons;
usi ng System Dr aw ng;

nanespace Exanpl e4_6
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public class DataSeries

{

private Arraylist datalist;

private Arraylist |abel List;

private Arraylist expl odeLi st;

private int[,] crmap;

private Col or borderCol or = Col or. Bl ack;
private float borderThi ckness = 1. 0f;

public DataSeries()
dataLi st = new ArraylList();
| abel Li st = new ArraylList();

expl odeLi st = new ArrayList();
}

public int[,] Qvap
{

get { return cmap; }
set { cmap = value; }

}

public Col or Border Col or

{
get { return borderColor; }
set { borderColor = value; }

}

public float Border Thi ckness

{
get { return borderThi ckness; }
set { borderThi ckness = val ue; }

}

public ArrayList Datalist

{
get { return dataList; }
set { dataList = value; }

}

public ArrayList Label List

{
get { return labellList; }
set { label List = val ue; }

}

public ArrayLi st Expl odelLi st

{
get { return expl odelList; }
set { expl odeList = value; }

}

public void AddDat a(fl oat data)
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dat aLi st . Add(dat a) ;
| abel Li st. Add(dat a. ToString());
expl odeLi st. Add(0);

}
public void AddPi e(G aphics g, ChartStyle cs)
{
Sol i dBrush aBrush = new Sol i dBrush(Col or. Bl ack) ;
Pen aPen = new Pen(BorderCol or);
int nData = Datali st. Count;
float fSum= 0;
for (int i =0; i <nData; i++)
{
fSum= fSum+ (float)DataList[i];
}
float startAngle = 0;
float sweepAngle = 0;
Rectangl e rect = cs. SetPi eArea();
for (int i =0; i <nData; i++)
{
Color fillGolor = Col or. FronArgb(Qvap[i, 0],
Ovep[i, 1], Qvap[i, 2], Ovap[i, 3]);
aBrush = new Sol i dBrush(fill Col or);
int explode = (int)ExplodeList[i];
if (fSum< 1)
{
start Angle = start Angl e + sweepAngl e;
sweepAngl e = 360 * (float)DataList[i];
else if (fSum>= 1)
{
start Angl e = start Angl e + sweepAngl e;
sweepAngle = 360 * (float)DataList[i] / fSum
}
int xshift = (int)(explode * Math. Cos((startAngle +
sweepAngle / 2) * Math.Pl / 180));
int yshift = (int)(explode * Math. S n((startAngle +
sweepAngle / 2) * Math.Pl / 180));
Rectangl e rect1l = new Rectangl e(rect. X + xshift,
rect.Y + yshift, rect. Wdth, rect. Height);
g.FillPie(aBrush, rectl, startAngle, sweepAngle);
g. Drawki e(aPen, rectl, startAngle, sweepAngle);
}
}

}

In this class, we first define three ArrayLi st field members: dat aLi st, | abel Li st, and
expl odelLi st. These hold the data used to create the pie chart, the labels for the data values



188 Practical C# Charts and Graphics

used in the legend, and the exploding data needed to highlight a particular pie slice by exploding
the piece out from the rest of the pie, respectively. We also use the color map matrix, CVap, to
specify the pie slices of the pie chart.

You can use the AddDat a method in this class to add data values to the dat aLi st . At the same
time, this method also adds the default data values to the | abel Li st and expl odeLi st . Both
the | abel Li st and expl odeLi st can be overridden in the application.

The real action happens within the AddPi e method. In this method, we first calculate the f Sum
or the summation, of the data values. Each value in the dat aLi st is normalized via 1/ f Sumto
determine the area of each slice of the pie. If f Sum > 1, the values in the dat aLi st directly
specify the area of the pie slices. However, if f Sum< 1, the current program draws only a partial
pie, and the data values are not normalized by 1/ f Sum

The Legend class is also slightly different than that used in the previous project. For
completeness, here we present the code listing of the Legend class:

usi ng System

usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2Db,
usi ng System Col | ecti ons;

namespace Exanpl e4_6

public class Legend

{
private Fornl forni;
private bool islLegendVi sible;
private Col or textColor;
private bool isBorderVisible;
private Col or |egendBackCol or;
private Col or | egendBorder Col or;
private Font |egendFont;

public Legend(Fornil fni)

{
fornml = fni;
text Col or = Col or. Bl ack;
i sLegendVi sibl e = fal se;
isBorderVisible = true;
| egendBackCol or = Col or. Wi te;
| egendBor der Col or = Col or. Bl ack;
| egendFont = new Font ("Arial", 8, FontStyle.Regul ar);
}
publi ¢ Font LegendFont
{
get { return | egendFont; }
set { |egendFont = val ue; }
}

public Col or LegendBackCol or
{
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get { return | egendBackCol or; }
set { | egendBackCol or = val ue; }

}
public ol or LegendBor der Col or
{
get { return | egendBorderCol or; }
set { I egendBorderCol or = value; }
}
publ i c bool [|sBorderVisible
{
get { return isBorderVisible; }
set { isBorderVisible = value; }
}
public ol or Text Col or
{
get { return textColor; }
set { textColor = val ue; }
}
publ i c bool |sLegendV sible
{
get { return isLegendVisible; }
set { isLegendVisible = value; }
}

public void AddLegend( QG aphics g, DataSeries ds,
Chart Styl e cs)
{

if (ds.Datalist.Count < 1)
{

return;

}

if (!lsLegendVisible)
return;

}

int nunber C Dat aVal ues = ds. Dat aLi st. Count ;

string[] |egendLabel s = new string[ds. Label Li st. Count];
for (int i =0; i < ds.LabellList.Count;i++)

| egendLabel s[i] = (string)ds. Label List[i];
}

/1 float offSet = 20;
float xc = Of;
float yc = Of;
Si zeF size = g. MeasureStri ng(l egendLabel s[ 0], LegendFont);
float | egendWdth = size. Wdth;
for (int i =0; i < |legendLabel s.Length; i++)
{
size = g. MeasureString(l egendLabel s[i], LegendFont);
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float tenpWdth = size. Wdth;
if (legendWdth < tenpWdth)
| egendWdth = t enpWdt h;

}

| egendWdth = | egendWdth + 35. Of ;

float hwdth = | egendWdth / 2;

float |egendHeight = 18.0f * nunber O Dat avVal ues;
float hHei ght = | egendHei ght / 2;

Rectangl e rect = cs. SetPi eArea();
XC =rect.X + rect. Wdth + cs.(Ofset + 20 + hWdth / 2;
yc =rect.Y + rect. Height / 2;
DrawLegend(g, xc, yc, hWdth, hHeight, ds, cs);
}

private void Draw,egend(Q aphics g, float xGCenter,
float yCenter, float hWwdth, float hHei ght,
Dat aSeries ds, ChartStyle cs)

float spacing = 8.0f;

float textHeight = 8.0f;

float htextHeight = textHeight / 2.0f;

float |ineLength = 12.0f;

float hlineLength = |ineLength / 2.0f;

Rect angl e | egendRect angl €;

Pen aPen = new Pen(LegendBor der Col or, 1f);

Sol i dBrush aBrush = new Sol i dBr ush( LegendBackCol or);

if (isLegendV sible)

| egendRect angl e = new Rectangl e((i nt)xCenter —
(int)hwdth, (int)yCenter - (int)hHeight,
(int)(2.0f * hwdth), (int)(2.0f * hHeight));

g. Fi | | Rect angl e(aBrush, | egendRect angl e);

i f (1sBorder\ sible)

g. DrawRect angl e(aPen, | egendRect angl e);

}
for (int i =0; i < ds.DataList.Count; i++)
{
float xSynbol = | egendRectangl e. X +
spaci ng + hli neLengt h;
float xText = | egendRectangle. X +

2 * spacing + |linelLength;
float yText = |l egendRectangle.Y + (i + 1) *
spacing + (2 * i + 1) * htextHeight;
aPen = new Pen(ds. Bor der Col or,
ds. Bor der Thi ckness) ;
Col or fillGolor = Col or. FromArgb(ds. Qvap[i, 0],
ds. Cvap[i, 1], ds.Qvap[i, 2], ds.Cwvap[i, 3]);
aBrush = new Sol i dBrush(fillColor);

/1 Draw synbol s:
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float hsize = 5f;

Point F[] pts = new Point F[ 4];

pts[0] = new Poi nt F(xSynbol - hsi ze,
yText - hsize);

pts[1] = new Poi nt F(xSynbol + hsi ze,
yText - hsize);

pts[2] = new Poi nt F(xSynbol + hsi ze,
yText + hsize);

pts[3] = new Poi nt F(xSynbol
yText + hsize);

g. Fi Il Pol ygon(aBrush, pts);

g. DrawPol ygon(aPen, pts);

hsi ze,

/'l Draw text:
StringFormat sFormat = new StringFornat();
sFormat. Ali gnment = StringA ignnent. Near;
g.Drawstring((string)ds. Label List[i], LegendFont,
new Sol i dBr ush( Text Col or),
new Poi nt F(xText, yText - 8), sFornat);
}

aPen. D spose() ;
aBr ush. Di spose();

}
Here the Legend is always located on the right side of the pie chart.

Testing Project
We can easily test the pie chart project using the following code listing for the For mil class:

usi ng System

usi ng System Drawi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System W ndows. For ns;

nanmespace Exanpl e4_6

public partial class Fornl : Form
{

private ChartStyl e cs;

private DataSeries ds;

private Col orMap cm

private Legend |g;

public Formi()

{
InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
t hi s. BackGCol or = Col or. Wi te;

/1 Subscribing to a paint eventhandl er to draw ngPanel :
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M ot Panel . Pai nt +=

new Pai nt Event Handl er (Pl ot Panel Pai nt);
cs = new ChartStyl e(this);
ds = new DataSeries();
I'g = new Legend(this);
1 g.1sLegendVi sible = true;

}

private void AddDat a()

{
float[] data = new float[5] { 30, 35, 15, 10, 8 };
string[] labels = new string[5] { "Soc. Sec. Tax",
"l ncone Tax", "Borrowi ng", "Corp. Tax", "Msc." };
cm = new Col or Map( dat a. Lengt h) ;
ds. CMap = cmJet ();
ds. DataList.Qear();
for (int i =0; i < data.Length; i++)

ds. AddDat a(data[i]);
ds. Label List[i] = label s[i];

}

private voi d Pl ot Panel Pai nt (obj ect sender, PaintEventArgs €)

{
@ aphi cs g = e. @ aphi cs;
AddDat a() ;
ds. AddPi e(g, cs);
| g. AddLegend(g, ds, cs);

}

Please pay special attention to the AddDat a method, which shows you how to add data values to
the Dat aLi st, how to create labels for each data value, and how to specify the color map for
each pie slice.

Build and run this application by pressing F5. You should obtain the output of Figure 4-16.

The current project also gives you the option of highlighting a particular pie slice by exploding the
piece out from the rest of the pie. To do this, you simply need to override the Expl odeLi st
property. For example, if you want to highlight the pie slice for the Social Security Tax data, you
can add the following code snippet after the f or -loop in the AddDat a method:

ds. Expl odeLi st[ 0] = 15;

Here we specify that the first element in the Expl odeLi st should be exploded out 15 pixels
(the default value is always zero) from the center of the pie chart, since the Social Security Tax is
the first element in the Dat aLi st . This produces the results of Figure 4-17.

As mentioned previously, the program draws a partial pie if the summation of the data values is
less than 1. To demonstrate this effect, we replace the AddDat a method with the following code
snippet:
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Misc.
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Figure 4-16 A pie chart of revenue data.
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Figure 4-17 A pie chart with an exploded piece.

private voi d AddDat a()

{

/1 Oreate a partial pie:

float[] data = new float[3] { 0.3f, 0.1f, 0.25f};

string[] labels = newstring[3] { "0.3 -- 30%, "0.1 -- 10%,
"0.25 -- 25%};

cm = new Col or Map(dat a. Lengt h) ;

ds.Qvap = cm Cool () ;

ds.DatalList.Qear();

for (int i =0; i < data.Length; i++)

ds. AddDat a(data[i]);
ds. Label List[i] = label s[i];
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This generates the results of Figure 4-18.

O 03--30%
m o1--10%
W 025--25%

Figure 4-18 A partial pie chart.

Creating Area Charts

An area chart displays y data values as one or more curves and fills the area beneath each curve.
When the Dat aCol | ecti on class has more than one data series, the curves are stacked,
showing the relative contribution of each data series to the total height of the curve at each x
value.

Implementation

The area chart is created by the Fi | | Pol ygon method in the Graphics class. It is best to draw
these polygon objects on a panel control, as in the previous project Example4 2. Now start with a
new C# Windows Application project and call it Example4_7. Add the following classes from
Example4 2: Chart Styl e, Col or Map, Dat aCol | ecti on, and Dat aSeri es, and change
their namespace to Example4_7. Add the Li neStyl e class from Example3 4 to the current
project, and change its namespace to Example4 7. You can further simplify the Dat aSer i es
class, as shown by the following:
usi ng System

usi ng System Col | ecti ons;
usi ng System Drawi ng;

nanespace Exanpl e4_7

public class DataSeries

{
private Arraylist pointlList;
private LineStyle |lineStyle;
private string seriesNane = ""

public DataSeries()
{
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lineStyle = new LineStyle();
poi ntList = new ArrayList();
}
public LineStyle LineStyle
{
get { return lineStyle; }
set { lineStyle = val ue; }
}
public ArrayList PointList
{
get { return pointList; }
set { pointList = value; }
}
public voi d AddPoi nt (Poi nt F pt)
{
poi nt Li st. Add(pt);
}
public string SeriesName
{
get { return serieshNane; }
set { seriesNane = val ue; }
}

}
Add two new field members and their corresponding properties to the Dat aCol | ect i on class:

private int[,] crmap;
private float areaAxis = 0;

public float AreaAxis

{
get { return areaAxis; }
set { areaAxis = value; }

}
public int[,] Qvap
{

get { return cmap; }
set { cmap = value; }

}

The Ar eaAxi s property defines the y axis at Ar eaAxi s (the default axis is y = 0), at which the
area will be filled. The CMap property is used to color the area.

Delete the public method AddBar s from the Dat aCol | ecti on class and add a new public
method, ADdAr eas, to the class. Here is the code listing of the AddAr eas method:

public void AddAreas(Q@ aphics g, ChartStyle cs,
int nSeries, int nPoints)
{
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float[] ySum= new fl oat[ nPoints];
Point F[] pts = new Point F[2 * nPoints];
Point F[] pt0 = new Poi nt F[ nPoi nts] ;
Point F[] pt1 = new Poi nt F[ nPoi nts];

for (int i =0; i <nPoints; i++)

ySunji] = AreaAXxis;

int n=0;
foreach (DataSeries ds in DataSeriesList)
{
Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. Li neStyl e. Pattern;
Color fillColor = Col or.FromArgb(CQvap[n, 0], Qvap[n, 1],
Qvap[n, 2], Qvap[n, 3]);
Sol i dBrush aBrush = new Sol i dBrush(fill Col or);
/1l Draw lines and areas:
if (ds.LineStyle.M otMthod ==
Li neStyl e. A ot Li nesMet hodEnum Li nes)
{
for (int i =0; i <nPoints; i++)
{
ptO[i] = new Poi nt F(((PointF)ds. PointList[i]).X
ySunji]);
ySunji] = ySunfi] + ((PointF)ds. PointList[i]).YV;
pt1[i] = new PointF(((PointF)ds.PointList[i]).X
ySunji]);
pts[i] = cs.Point2D(ptO[i]);
pts[2 * nPoints - 1 - i] = cs.Point2D(pt1[i]);
}
g. Fi || Pol ygon(aBrush, pts);
g. DrawPol ygon( Pens. Bl ack, pts);
}
n++;
}

}

In this method, we process the data points inputted into the Dat aSer i es and stack the y data
values from all of the different Dat aSeri es to show the relative contribution of each
Dat aSeri es to the total height of the curve at each x value. Finally, we draw the area by filling
the polygon with the specified colormap colors.

Testing Project
The following code listing of the For mil class will be used to test the area chart:

usi ng System

usi ng System Dr awi ng;

usi ng System Drawi ng. Draw ng2b,
usi ng System W ndows. For ns;



Chapter 4 Specialized 2D Charts

197

namespace Exanpl e4 7

{

public partial class Fornl : Form
{
private DataCol |l ection dc;
private DataSeries ds;
private ChartStyl e cs;
private Col orMap cm

public Formi()

{
InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
/1 Subscribing to a paint eventhandl er to draw ngPanel :
M ot Panel . Pai nt +=
new Pai nt Event Handl er (Pl ot Panel Pai nt) ;
dc = new DataCol | ection();
cs = new Chart Styl e(this);
cs. XLinMn = Of;
cs. XLi mivbx = 10f;
cs.YLinMn = Of;
cs. YLi mivbx = 10f;
cs. XTick = 2.0f;
cs. YTick = 2.0f;
cs. XLlabel = "This is X axis";
cs.YLabel = "This is Y axis";
cs.Title = "Area Plot";
cs.I1sX@id = true;
cs.IsYQid = true;
}
private void AddDat a()
{

dc. Dat aSeri esList.dear();
/1 Add Sine data:

ds = new DataSeries();

for (int i =0; i <21; i++)

ds. AddPoi nt (new Poi nt F(0.5f * i,
2.0f + (float)Math.Sin(0.5f * i)));

}

dc. Add(ds);

/1 Add Cosi ne dat a:

ds = new DataSeries();

for (int i =0; i <21; i++)

ds. AddPoi nt (new Poi nt F(0. 5f * i,
2.0f + (float)Mth. Cos(0.5f * i)));

}
dc. Add(ds) ;
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/1 Add another Sine data:
ds = new DataSeries();
for (int i =0; i <21; i++)

ds. AddPoi nt (new Poi nt F(0. 5f * i,
3.0f + (float)Math.Sin(0.5f * i)));

}
dc. Add(ds);

cm = new Col or Map(dc. Dat aSeri esLi st. Count, 150);
dc. CVvap = cm Sunmrer () ;

}
private void Pl ot Panel Pai nt (obj ect sender, Pai ntEventArgs e)
{
Q@ aphics g = e. @ aphi cs;
g. Snoot hi ngMbde = Snoot hi nghbde. Anti Al i as;
AddDat a() ;
cs. Pl ot Panel Styl e(Qg);
dc. AddAreas(g, cs, dc.DataSeriesList.Count,
ds. Poi nt Li st. Count ) ;
}
protected override voi d Pai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
cs.ChartArea = this.dientRectangl e;
cs. Set Chart Area(g);
}

}

Within the AddDat a method, we add three sets of Dat aSer i es to the project. At the end of
this method, we create a color map with a color map length equal to the number of Dat aSer i es
and an alpha value = 150 (transparent color!). The Summer color map is used in this project.

Running this application produces the output of Figure 4-19.

Creating Polar Charts

So far, we have discussed various chart projects that make use of the Cartesian coordinate system.
Now we want to show you how to plot data in polar coordinates (t het a, r ). Most polar charts,
including commercial software packages, only plot positive r values; i.e., they plot absolute r
values if I is both positive and negative. Here we will show you how to create a generalized polar
chart using C#, in which r can contain the negative values. This new polar chart also allows you to
specify the r range [r M n, r Max] and to draw multiple curves on a single polar chart.



Chapter 4 Specialized 2D Charts 199

Area Flot
10
a
o
= B
-
o
o 4|
=
2 '._\ .f’"f—“\“\
\l/ Y
0
2 4 B a 10
This is ¥ axis
Figure 4-19 Area chart.
Implementation

Start with a new C# Windows Application project Example4_8. We will draw the polar chart on a
panel control, as we did for the pie chart example. Add the following new classes to this project:
Chart Styl e, Dat aSeri es, Dat aCol | ecti on, Li neSt yl e, and Legend. The classes of
Dat aSeri es, Li neStyl e, and Legend are similar to those used in the previous projects, so
we will not list their code here (you can look at the source code of Example4 8 for details).
However, the Chart St yl e class needs to be modified. The following is the code listing of this
class:

usi ng System

usi ng System Col | ecti ons;

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;

namespace Exanpl e4_8

public class ChartStyle
{
private Fornl forni;
private int offset;
private float angleStep = 30;
private Angl eDi recti onEnum angl ebDirection =
Angl eDi rect i onEnum Count er d ockW se;
private float rMn 0;
private float rhMax = 1;
private int nTicks = 4;
private Font tickFont;
private Col or tickFontCol or = Col or. Bl ack;
private Col or radi usCol or = Col or. Bl ack;
private float radi usThi ckness = 1f;
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private DashStyl e radi usPattern = DashStyl e. Dash;
private Col or angl eCol or = ol or. Bl ack;

private float angl eThi ckness = 1f;

private DashStyl e angl ePattern = DashStyl e. Dash;

public ChartStyl e(Fornl fnd)

{
forml = fni;
tickFont = forni. Font;
}
public Angl eD recti onEnum Angl eD recti on
{
get { return angleD rection; }
set { angleDrection = val ue; }
}
public ol or TickFont Col or
{
get { return tickFontColor; }
set { tickFontCol or = val ue; }
}
public Font Ti ckFont
{
get { return tickFont; }
set { tickFont = value; }
}
public DashStyl e Angl ePattern
{
get { return angl ePattern; }
set { anglePattern = val ue; }
}
public float Angl eThi ckness
{
get { return angl eThi ckness; }
set { angl eThi ckness = val ue; }
}
public Gol or Angl eCol or
{
get { return angleColor; }
set { angleCol or = value; }
}
publi c DashStyl e Radi usPattern
{
get { return radiusPattern; }
set { radiusPattern = val ue; }
}

public float Radi usThi ckness
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{
get { return radi usThi ckness; }
set { radiusThi ckness = val ue; }
}
public CGol or Radi usCol or
{
get { return radiusColor; }
set { radiusCol or = value; }
}
public int NTicks
{
get { return nTicks; }
set { nTicks = value; }
}
public float RVax
{
get { return rhax; }
set { rMax = value; }
}
public float RMn
{
get { return rMn; }
set { rMn = value; }
}
public float AngleStep
{
get { return angl eStep; }
set { angleStep = val ue; }
}
public int Ofset
{
get { return offset; }
set { offset = value; }
}

publ i ¢ enum Angl eDi r ect i onEnum

Count erd ockWse = 0,
d ockWse = 1

}

public Rectangl e SetPol ar Area()
{
O fset = fornl. P ot Panel . Wdth / 10;
int height = fornl. Pl ot Panel . Height - 2 * Cffset;
int width = height;
Rectangl e rect = new Rectangl e(Cffset, Ofset,
wi dth, height);
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}

return rect;

public void SetPol ar Axes( G aphi cs Q)

{

Pen aPen = new Pen(Angl eCol or, Angl eThi ckness);
Sol i dBrush aBrush = new Sol i dBrush( Ti ckFont Col or);
StringFormat sFormat = new StringFormat();
Rectangl e rect = SetPol arArea();

float xc = rect.X + rect. Wdth / 2;

float yc = rect.Y + rect.Height / 2;

/1 Draw circles:

float dr = RNorn{ Rvax/ NTi cks) - RNorn{ RM n/ nTi cks);
aPen. DashStyl e = Angl ePattern;

for (int i =0; i < NTicks; i++)

Rectangl eF rectl = new Rectangl eR(xc - (i + 1) * dr,
yc - (i +1) *dr, 2* (i +1) * dr,
2* (i +1) * dr);
g. DrawEl |i pse(aPen, rectl);
}

// Drawradii:
aPen = new Pen(Radi usCol or, Radi usThi ckness);
aPen. DashStyl e = Radi usPattern;
for (int i =0; i <(int)360 / AngleStep; i++)
{
float x = RNorn{Rvax) * (float) Math. Cos(
i * AngleStep * Math.Pl / 180) + xc;
float y = RNorm(Rvax) * (float)Math. S n(
i * AngleStep * Math.Pl / 180) + yc;
g. DrawLi ne(aPen, xc, yc, X, V);

}

/1 Draw the radius |abels:

for (int i =1; i <= nTicks; i++)

{
float rlabel = RMn +i * (Rvax - RMn) / NIicks;
sFormat. Ali gnnent = StringAl i gnnent. Near;
g. Drawstring(rl abel . ToString(), TickFont, aBrush,

new Poi nt F(xc, yc - i * dr + 5), sFornat);
}

/1 Draw the angl e | abel s:
Si zeF tickFontSize = g. MeasureString("A', TickFont);
fl oat angl eLabel = 0;
for (int i =0; i <(int)360 / AngleStep; i++)
if (AngleDrection == Angl eD recti onEnum A ockW se)
angl eLabel = i*Angl eStep;

else if (AngleDrection ==
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Angl eDi r ect i onEnum Gount er d ockW se)

angl eLabel = 360 - i * Angl eStep;
if (i ==0)
angl eLabel = 0;

sFormat. Alignment = StringAlignnent. Center;

float x = (RNorn{Rvax) + 1.2f * tickFontSize. Wdth) *
(float)Math. Cos(i * AngleStep * Math. Pl /
180) + xc;

float y = (RNorm{Rvax) + 1.2f * tickFontS ze. Wdth) *
(float)Math. Sin(i * AngleStep * Math. Pl /
180) + yc;

g. Drawstri ng(angl eLabel . ToString(), TickFont, aBrush,
new Poi nt F(x, y - tickFontS ze. Height / 2),

sFormat) ;
}
}
public float RNorn{float r)
{
float rNorm= new float();
Rectangl e rect = SetPolarArea();
if (r <RMn || r > RvX)
{
r = Single NaN
}
rNorm= (r - RMn) * rect.Wdth / 2/ (Rvax - RMn);
return rNorm
}

}

In this class, the Angl eStep property controls the number of r grid lines, and the
Angl eDi r ect i on property allows you to draw the polar chart in a counter-clockwise (default)
or clockwise manner. The other field members and their corresponding properties allow you to
specify the r range, the grid line color, dash style, thickness, etc. In particular, you can specify the
line styles of the r and t het a gridlines separately to achieve a better visual effect.

The Set Pol ar Axes method in this class draws the r and theta gridlines, as well as the r and
theta labels. Please pay special attention to the RNor mmethod, which transforms the r value in
the world coordinate system to an r in the device coordinates system. A point in the polar
coordinates is represented by new Poi nt F(t het a, r). The theta has the same unit of degree
in both the world and device coordinate systems, so we only need to perform the transformation
onr.

We add a new public method, AddPol ar, to the Dat aCol | ect i on class. The following is its
code listing:

public void AddPol ar (G aphics g, ChartStyle cs)
{

Rectangl e rect = cs. SetPol arArea();

float xc = rect.X + rect. Wdth / 2;
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float yc = rect.Y + rect. Height / 2;

/1 Mot lines:
foreach (DataSeries ds in DataSeriesList)
{
Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;
float r = ((PointF)ds. PointList[0]).Y;
float theta = ((PointF)ds. PointList[0]). X
float x = cs.RNorn(r) * (float)Math. Cos(theta *
Math. Pl / 180) + xc;
float y = cs.RNorn(r) * (float)Math. Sin(theta *
Math. Pl / 180) + yc;

if (ds.LineStyle.lsVisible == true)
{
PointF ptStart = new Point F(x, y);
Poi nt F pt End = new Poi nt F(Xx, Yy);
for (int i =1; i <ds.PointList.Count; i++)
{
r = ((PointF)ds. PointList[i - 1]).Y;
theta = ((PointF)ds. PointList[i - 1]).X
if (cs.AngleDrection ==
Chart Styl e. Angl eDi r ecti onEnum Gount er d ockW se)

theta = - theta;

—

x
1]

cs. RNorn{r) * (float)Mth. Cos(theta *

Math. Pl / 180) + xc;

cs.RNorn{r) * (float)Math. Sin(theta *

Math. Pl / 180) + yc;

ptStart = new PointF(x, y);

r = ((PointF)ds. PointList[i]).Y;

theta = ((PointF)ds. PointList[i]).X

if (cs.AngleDrection ==

Chart Styl e. Angl eDi r ecti onEnum Gount er d ockW se)

{
theta = - theta;
}

x = cs.RNorn(r) * (float)Math. Cos(theta *
Math. Pl / 180) + xc;
y = cs.RNorm(r) * (float)Math.Sin(theta *
Math. Pl / 180) + yc;
pt End = new Poi nt (X, Y);
g. DrawLi ne(aPen, ptStart, ptEnd);
}

}
aPen. D spose();

}

In this method, we first transform the polar points (r, t het a) in the world coordinate system to
the points (X, y) (the Cartesian coordinates) in the device system using the relationships:
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X
y

cs.RNorn(r) * (float)Math. Cos(theta * Math.Pl / 180) + xc;
cs.RNorn{r) * (float)Math.Sin(theta * Math.Pl / 180) + yc;

The above equations indicate that the origin is located at (xc, yc), and the RNor m method
transforms the polar points (r, t het a) from the world to device coordinate system. In this
method, the polar chart direction is controlled by setting the angle variable t het a to be positive
(clockwise) or negative (counter clockwise).

Testing Project

The polar chart can be tested using the following code for the For il class:

usi ng System

usi ng System Dr aw ng;
usi ng System Drawi ng. Drawi ng2Db;
usi ng System W ndows. For ns;

nanespace Exanpl e4_8

{

public partial class Fornl : Form

{

private ChartStyl e cs;
private DataCol | ection dc;

public
{

For mL()

I'nitializeConponent();
this. Set Styl e(Control Syl es. Resi zeRedraw, true);

/1

Subscribing to a paint eventhandl er to draw ngPanel :

Pl ot Panel . Pai nt +=

dc
cs

Cs.
Cs.
cs.
cs.
cs.

}

new Pai nt Event Handl er (Pl ot Panel Pai nt);

new Dat aCol | ection();

new Chart Styl e(this);

Rvax = 0. 5f;

RMn = 0f;

NTi cks = 4;

Angl eStep = 30;

AngleDirection =

Chart Styl e. Angl ebi recti onEnum Count er d ockW se;

private void AddDat a()

{

dc.

/1

Dat aSeri esList. d ear();
Add data points to ds:

Dat aSeri es ds = new DataSeries();

ds. Li neStyl e. Li neCol or = Col or. Red;
for (int i =0; i < 360; i++)
{

float theta = 1.0f * i;
float r = (float)Math. Abs(Mat h. Gos(
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2*theta * Math.Pl / 180) *
Math.Sin(2 * theta * Math.Pl / 180));
ds. AddPoi nt (new Poi nt F(theta, r));

}
dc. Add(ds);

private void Pl ot Panel Pai nt (obj ect sender, PaintEventArgs e)

{
Q aphi cs g = e. G aphi cs;
g. Snoot hi ngMbde = Snoot hi nghbde. Anti Al i as;
AddDat a() ;
cs. Set Pol ar Axes(Q);
dc. AddPol ar (g, cs);

}
This application produces the output of Figure 4-20.

180¢

Figure 4-20 A polar plot.

You can also create multiple curves on a single polar chart with both positive and negative r
values. To test these features, we draw two logarithm functions on the same polar chart. Change
the AddDat a method accoding to the following code snippet:

private void AddDat a()

{
dc. Dat aSeri esList.Qear();

/1 Add | og-si ne data:

Dat aSeri es ds = new DataSeries();
ds. Li neStyl e. Li neCol or = Col or. Red,;
ds. SeriesNane = "Sin(theta)";

for (int i =0; i < 360; i++)
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float theta = 1.0f * i;

float r = (float)Math. Log(1.001f +
Math.Sin(2 * theta * Math.Pl / 180));

ds. AddPoi nt (new Poi nt F(theta, r));

}
dc. Add(ds);

/1 Add | og- cosi ne dat a:
ds = new DataSeries();
ds. Li neStyl e. Li neCol or = Col or. G een;
ds. SeriesNane = "Cos(theta)";
for (int i =0; i < 360; i++)
{
float theta = 1.0f * i;
float r = (float)Math. Log(1.001f +
Math. Cos(2 * theta * Math.Pl / 180));
ds. AddPoi nt (new Poi nt F(theta, r));

}
dc. Add(ds);

Also change the r range to the following:

cs. Rvax = 1f;
cs.RMn = -5f;

You can also add a legend to the polar chart. By running this project, you should obtain the results
shown in Figure 4-21.

——— Sintheta)
— Cosithets)

Figure 4-21 A polar plot with negative r values.
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Creating Stock Charts

Stock charts usually show high, low, open, and close data, and play an important role in stock
market research and analysis. These charts allow you to plot the change of a stock price over time,
analyze the history of stock price changes, and predict the future price of a stock based on prior
price history.

Here I will show you how to create a stock chart using C#.

Implementation

Start with a new C# Windows Application project, Example4 9. Add the following new classes to
the project: ChartSTyle, LineStyle, DataSeries, DataCollection, and
Text Fi | eReader . The Chart Styl e and Li neSt yl e classes are similar to those used in
previous projects. While Text Fi | eReader class is a new class that allows you to import stock
data into the application. Here is its code listing:

usi ng System

usi ng System Text;

usi ng System Col | ecti ons. Speci al i zed;
usi ng System Col | ecti ons;

usi ng Syst em W ndows. For ns;

using Systeml|Q

namespace Exanpl e4 9

cl ass Text Fi | eReader

{
public string[,] ReadTextFile(string fileNane)

if (File. Exists(fileName))

string[,] sArray = ReadFil e(fil eNane);
return sArray,;

}

el se

{
}

return null;

}

private string[,] ReadFile(string fileNane)
{
try
{
StringCol l ection sc = new StringCollection();
FileStreamfs = new Fil eStrean(fi | eNane,
Fi | eMbde. pen, Fil eAccess. ReadWite);
StreanReader sr = new StreanReader (fs);

/!l Read file into a string collection
int noBytesRead = O;
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}

string oneLi ne;
while ((oneLine = sr.ReadLine()) != null)

{
noByt esRead += onelLi ne. Lengt h;
sc. Add( oneLi ne) ;

sr.dose();

string[] sArray = new string[sc. Count];
sc. CopyTo(sArray, 0);

char[] cSplitter ={ " ", ",", "', "\t' };
string[] sArrayl = sArray[0].Split(cSplitter);
string[,] sArray2 = new string[sArrayl. Length,

sc. Gount ] ;
for (int i =0; i <sc.Count; i++)
{
sArrayl = sArray[i].Split(cSplitter);
for (int j =0; j <sArrayl. Length; j++)
sArray2[j, i] = sArrayl[j];
}
}

return sArray2;

}
catch (Exception e)

{

MessageBox. Show( e. Message, "Error Saving File.");
return nul | ;

In this class, the public method ReadText Fi | e takes the file name string as an input variable
and return a 2D string array. The stock text file should be formatted as shown in the same way as
the following example, GE.txt, which is storing the stock price data for GE from 4-7-2006 to 5-

5-2006:

5- May- 06
4- May- 06
3- May- 06
2- May- 06
1- May- 06
28- Apr - 06
27- Apr - 06
26- Apr - 06
25- Apr - 06
24- Apr - 06
21- Apr - 06
20- Apr - 06
19- Apr - 06
18- Apr - 06

34.94 35.22 34.87 35.16
34.5 34.94 34.48 34.8
34.22 34.67 34.19 34.4
34.39 34.59 34.1 34.48
34.64 34.72 34.32 34.39
34.49 34.78 34.35 34.59
33.9 34.68 33.89 34.43
34.07 34.44 33.88 34.13
34 34.06 33.8 33.97
33.81 34 33.8 33.93
34.25 34.32 33.68 33.97
33.8 34.18 33.63 34.12
33.95 33.97 33.5 33.89
33.52 33.97 33.21 33.87
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17- Apr- 06 33.76 33.76 33.07 33.29
13- Apr-06 34.19 34.36 33.61 33.89
12- Apr- 06 34.3 34.53 34.17 34.46
11- Apr-06 33.92 34.07 33.63 34.05
10- Apr - 06 34.06 34.08 33.8 33.92

In this file, the first column is the date; the second to fifth columns represent the open, high, low,
and close prices of the stock, respectively. Please note that there is no header row in this text file.
If you want the stock data file to have a header row or a different format, you must change the
Text Fi | eReader class correspondingly to take care of the file format change.

We also modify the Dat aSer i es class to easily input stock data into the project:

usi ng System
usi ng System Drawi ng;

namespace Exanpl e4 9

public class DataSeries

{
private string[,] dataString;
private LineStyle |ineStyle;
private string seriesNane = "";
public DataSeries()
{
lineStyle = new LineStyle();
}
public LineStyle LineStyle
{
get { return lineStyle; }
set { lineStyle = val ue; }
}
public string[,] DataString
{
get { return dataString; }
set { dataString = value; }
}
public string SeriesName
{
get { return seriesNane; }
set { seriesName = val ue; }
}
}

}

Here, the original array list, Poi nt Li st is replaced by a 2D string array, Dat aSt ri ng. The
following is the code listing of the Dat aCol | ect i on class:

usi ng System
usi ng System Col | ecti ons;
usi ng System Dr awi ng;
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nanmespace Exanpl e4 9

{

public class DataCol |l ection

{

private Fornl forni;

private Arraylist dataSeriesList;

private int dataSerieslndex = 0;

private StockChart TypeEnum st ockChart Type =
St ockChar t TypeEnum H LoQpend ose;

public DataCol | ection(Forni fmi)

dat aSeri esLi st = new ArrayList();

forml = fni;
}
publ i c StockChart TypeEnum St ockChart Type
{
get { return stockChartType; }
set { stockChartType = val ue; }
}
publ i ¢ enum St ockChar t TypeEnum
{
H Lo = 0,
H LoQpend ose = 1,
Candle = 2
}
public ArrayLi st DataSerieslLi st
{
get { return dataSeriesList; }
set { dataSeriesList = value; }
}
public int DataSerieslndex
{
get { return dataSerieslndex; }
set { dataSerieslndex = val ue; }
}

public void Add(DataSeries ds)

dat aSeri esLi st. Add(ds);
if (ds.SeriesNane == "")
{
ds. Seri esNane = "DataSeries" +
dat aSeri esLi st. Count. ToString();

}

public void Insert(int dataSerieslndex, DataSeries ds)

{

dat aSeri esLi st. I nsert (dat aSeri esl ndex, ds);
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if (ds.SeriesNane == "")
{
dat aSeri esl ndex = dat aSeri esl ndex + 1;
ds. Seri esNane = "DataSeri es" +
dat aSeri esl ndex. ToString();

}
}
public void Renove(string dataSeri esNane)
{
if (dataSeriesList !'=null)
for (int i =0; i < dataSeriesList.Count; i++)
Dat aSeries ds = (DataSeries)dataSeriesList[i];
if (ds.SeriesName == dat aSeri esNane)
dat aSeri esLi st. RenoveAt (i);
}
}
}
}

public void RenoveA l ()

dat aSeri esList.dear();
}

public void AddStockChart (Graphics g, ChartStyle cs)

foreach (DataSeries ds in DataSeriesList)
{
Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. LineStyl e. Pattern;
Sol i dBrush aBrush = new Sol i dBr ush(
ds. Li neStyl e. Li neCol or);
Sol i dBrush whi t eBrush = new Sol i dBrush(Col or. Wiite);
float barLength = forml. Pl ot Panel . Wdth /
(5*ds. DataString. Get Lengt h(1));
for (int i =0; i <ds.DataString. GetLength(1); i++)
{
float[] stockdata = new float[4];
for (int j =0; j < stockdata.Length; j++)

stockdata[j] = Convert. ToSi ngl e(
ds.DataString[j+1,i]);

}

Poi nt F pt H gh = cs. Poi nt 2D( new Poi nt F(i ,
stockdata[1]));

Poi nt F pt Low = cs. Poi nt 2D( new Poi nt F(i ,
stockdata[ 2] ));

Poi nt F pt Qpen = cs. Poi nt 2D( new Poi nt F(i ,
stockdata[0]));
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Poi nt F pt CLose = cs. Poi nt 2D( new Poi nt F(i ,
stockdata[ 3]));

Poi nt F pt @penl = new Poi nt F( pt Qoen. X — bar Lengt h,
pt Qpen. V) ;

Poi nt F pt d osel = new Poi nt F(pt CLose. X + barLengt h,
pt CLose. Y);

Poi nt F pt @pen2 = new Poi nt F( pt Qoen. X + bar Lengt h,
pt Qpen. V) ;

Poi nt F pt d ose2 = new Poi nt F(pt CLose. X — bar Lengt h,
pt CLose. Y);

/1 Draw H -Lo stock chart:
if (StockChartType == StockChart TypeEnum H Lo)

g. DrawLi ne(aPen, ptH gh, ptLow);
}

[/l Draw H -Li-Qpen-Ad ose chart:
else if (StockChartType ==
St ockChar t TypeEnum H LoQpend ose)

{

g. DrawLi ne(aPen, ptH gh, ptLow);

g. DrawLi ne(aPen, pt Qpen, pt penl);

g. DrawLi ne(aPen, ptCLose, ptd osel);
}

/1 Draw candl e chart:
else if (stockChartType ==

St ockChar t TypeEnum Candl e)
{

Point F[] pts = new Point F[ 4];
pts[0] = pt Qpeni;

pts[1] = ptQoenz;

pts[2] = ptd osel,;

pts[3] = ptd ose2;

g. DrawLi ne(aPen, ptH gh, ptLow);
if (stockdata[0] > stockdata[ 3])

g. Fi | | Pol ygon(aBrush, pts);
else if (stockdata[0] < stockdata[3])
g. Fi | | Pol ygon(whi t eBrush, pts);

}
g. DrawPol ygon(aPen, pts);
}

}

aPen. D spose() ;
aBrush. D spose();

whi t eBr ush. Di spose() ;
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In this class, the St ockChart Type enumeration has been added, from which you can select a
special chart from three stock chart types, Hi Lo, H LoOpend ose, and Candl e. The public
method, AddSt ockChart, draws the stock data according to the specified stock chart type.
Please pay special attention to the Candl e chart type, in which we draw solid polygons when the
close price is less than the open price and open polygons (filled with a white brush) otherwise.

Hi-Lo Chart

Now, it is time to test our stock chart project. First, we draw a Hi-Lo stock chart. The following
code of For mil achieves this goal:

usi ng System

usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2Db,
usi ng Syst em W ndows. For ns;

namespace Exanpl e4 9
public partial class Fornl : Form
{
private ChartStyl e cs;
private DataCol | ection dc;

public Forni()

{
InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
/1l Subscribing to a paint eventhandl er to draw ngPanel :
P ot Panel . Pai nt +=
new Pai nt Event Handl er (P ot Panel Pai nt);
cs = new Chart Styl e(this);
dc = new DataCol | ection(this);
/1 Specify chart style paraneters:
cs.Title = "Chart of CGE Stock";
cs. XTickCfset = 1;
cs. XLimMn = -1f;
cs. XLi mvax = 20f;
cs. YLimM n = 32f;
cs. YLi mvax = 36f;
cs. XTick = 2f;
cs. YTick = 0.5f;
dc. St ockChart Type =
Dat aCol | ecti on. St ockChart TypeEnum H Lo;
}
private void AddDat a()
{

dc. Dat aSeri esList.dear();
Text Fi | eReader tfr = new Text Fi | eReader();
Dat aSeries ds = new DataSeries();
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// Add CGE stock data froma text data file:
ds = new DataSeries();

ds.DataString = tfr. ReadTextFile("CE txt");
ds. Li neStyl e. Li neCol or = Col or. Dar kBl ue;

dc. Add(ds);
}
private void Pl ot Panel Pai nt (obj ect sender, PaintEventArgs e)
{
Q aphi cs g = e. G aphi cs;
AddDat a() ;
cs. Pl ot Panel Styl e(Qg);
dc. AddSt ockChart (g, cs);
}

protected override voi d Pai nt (Pai nt Event Args e)

Q aphi cs g = e. G aphi cs;
cs.ChartArea = this.dientRectangl e;
cs. SetChart Area(q);

}

Within the constructor, in addition to the standard definitions for a chart application, we add the
following line of code:

dc. St ockChart Type = DataCol | ecti on. St ockChart TypeEnum H Lo;

Chart of GE Stock
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Figure 4-22 A Hi-Lo Stock chart.
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This specifies the stock chart type to be a Hi-Lo plot. Inside the AddDat a method, we create a
new instance of the Text Fi | eReader and call its public method ReadText Fi | e to read the
GE.txt file into the project:

ds.DataString = tfr. ReadTextFile("CE txt");

In this application, we have added two text files, GE.txt and IBM.txt, to the following directory:
Application directory\bin\debug. If your stock data file is stored in a different directory, you need
to specify the file path as well.

Finally, we call the AddSt ockChart method of the Dat aCol | ecti on class from the
Pl ot Panel Pai nt method.

Running this project by pressing the F5 key produces the results of Figure 4-22.

Hi-Lo-Open-Close Chart

A Hi-Lo-Open-Close stock chart can be created by replacing the St ockChart Type with the
following line of code:

dc. St ockChart Type =
Dat aCol | ecti on. St ockChart TypeEnum H LoCpend ose;

This generates the output shown in Figure 4-23.

Chart of GE Stock

| 1 |
0o 2 4 B 8 1012 14 16 18 20
s AxIs

Figure 4-23 A Hi-Lo-Open-Close stock chart.

Candlestick Chart

Replacing the St ockChar t Type with the following code snippet
dc. St ockChart Type = DataCol | ecti on. St ockChart TypeEnum Candl e;

obtains the results of Figure 4-24.
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Figure 4-24 A candle stock chart.






3D Matrices and
Transformations

In the previous few chapters, we discussed 2D graphics, transformations, and a variety of 2D
charts. In this chapter, we will explain the mathematical basics of 3D transformations, which are
used to create 3D graphics objects on a 2D surface (the screen). Most 3D transformations are
analogous to the 2D transformations described in Chapter 2. Using homogeneous coordinates and
matrix representations similar to the ones used in 2D, we will show you how to perform basic
transformations, including translation, scaling, reflection, and rotation, in 3D. We will also
describe matrices that represent projections, allowing you to view 3D graphics objects on a 2D
screen. As is the case with 2D, you can combine 3D basic transformation matrices to represent a
complicated transformation with a single transformation matrix.

Unlike 2D, there is no built-in 3D matrix class defined in C# and GDI+. Even the simplest 3D
point object must be defined first in order to be used in your applications. In this chapter, we will
demonstrate how to create a variety of 3D transformation matrices and 3D graphics objects using

examples. We will also discuss different 3D coordinate systems and show you how to implement
them with C#.

219
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Basics of Matrices and Transformations in 3D

Matrix representations play an important role in transformations and operations on graphics
objects. A matrix is a multi-dimensional array. This section explains the basics of 3D matrices and
transformations. General 3D transformations are quite complicated. As in the case of 2D,
however, you can build more useful transformations with combinations of simple basic
transformations: translation, scaling, rotation, and projection. The following sections describe
these fundamental transformations. Once you understand how to use these basic 3D
transformations, you can always compose them to create more general transformations.

3D Point and Matrix Operation in C#

As in the case of 2D, you can perform 3D matrix operations in a homogeneous coordinate system.
Here, a point or vector is represented by a column matrix. In this notation, most 3D transformation
matrices contain (0, 0, 0, 1) in their last row. You can use this special structure, as we did in 2D
matrices defined in the C# matrix class, to speed up the matrix operations. This approach works
for most transformation matrices, except for the perspective transformation described later in this
chapter, which does not contain (0, 0, 0, 1) in its last row. This means that you cannot use this
method when you deal with perspective transformations. Therefore, in this book, we will instead
use a standard For -loop computation method to perform matrix operations. This standard For -
loop method does not assume that transformation matrices contain (0, 0, 0, 1) in their last row.

Let’s use an example to define a 3D point object and matrix with C#. Start with a new C#
Windows Application project and name it Example5 1. Add a Label control, | abel 1, to
For mL. Add two new classes, Poi nt 3 and Mat ri x3, to the project. In the Poi nt 3 class, we
define a 3D point in homogeneous coordinates and perform a basic transformation to the point
using a public method Tr ansf or m The following is the code listing of the Poi nt 3 class:

usi ng System
nanespace Exanpl e5_1

public class Point3
{
public float X
public float Y;
public float Z
public float W

publ i c Point 3()

{
}
public Point3(float x, float y, float z, float w
{
X=X
Y=y,
Z = z;
W= w
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/1 Apply a transfornation to a point:
public void Transforn{Mtrix3 m

{
float[] result = mVectorMiltiply(
new float[4] { X Y, Z W});
X =result[0];
Y =result[1];
Z =result[2];
W=result[3];
}

}

The default Wcomponent of a 3D point in homogeneous coordinates is set to 1. The Mat ri x3
class contains the basic matrix operations, such as matrix multiplication. The following is its code
listing:

usi ng System

nanespace Exanpl e5_1

{

class Matrix3
public float[,] M= new float[4, 4];

public Matrix3()
{

}

public Matrix3(float n00O, float nmol, float nD2, float nO3,
float nl0, float mll, float nl2, float nil3,
float nR0, float nRl, float nR2, float nR3,
float nBO, float nBl, float nB2, float n83)

ldentity3();

{
MO, 0] = n0O;
MO, 1] = n01;
MO, 2] = n02;
MO, 3] = n03;
M1, 0] = nlO;
M1, 1] = nl;
M1, 2] = ni2;
M1, 3] = nl3;
M2, 0] = n20;
M2 1] = n®l;
M2, 2] = n22;
M2, 3] = n23;
M3, 0] = n80;
M3, 1] = n81,;
M3, 2] = n82;
M3, 3] = n83;

}

/] Define a ldentity matrix:
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public void lIdentity3()

{
for (int i =0; i <4; i+
{
for (int j =0; j <4; j++)
if (i =1j)
{
Mi, j] =1
}
el se
{
Mi, j] =0;
}
}
}

/ Miltiply two matrices together:
public static Matrix3 operator *(Matrix3 nl, Matrix3 nR)

{
Matrix3 result = new Matrix3();
for (int i =0; i <4; i+
for (int j =0; j <4; j++)
float elenment = 0;
for (int k =0; k <4; k++)
{
elerent += nl. Mi, k] * n2. Mk, j];
result.Mi, j] = element;
}
}
return result;
}

/] Apply a transformation to a vector (point):
public float[] VectorMiltiply(float[] vector)

float[] result = new float[4];
for (int i =0; i <4; i++)

for (int j =0; j <4 j++)
result[i] += Mi, j] * vector[j];
}
}

return result;
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These two classes in Example5 1 can be used to perform basic transformation operations for a 3D
point object. In the next few subsections, we will use these two classes to discuss basic 3D
transformations.

Scaling

As in the case of 2D, to scale or stretch an object in the X direction, you need to multiply the X
coordinates of each of the object’s points by the scaling factor, s,. Similarly, you can scale an
object in the Y and Z directions. In the standard 3D Cartesian coordinate system, a scaling
transformation can be represented in the form:

X s, 0 0}Yx S, X
n|={0 s, O0y|=|sy 5.1
z) 0 0 s, )z S,z

The 3D scaling transformation can be generalized in the homogeneous coordinate system:

X s, 0 0 0)fx
0 0 0
S ET g (5.2)
z 0 0 s, O0f:z
1 0 0 0 1)U1

For example, suppose that you have a 3D point (1, 2, 3, 1) in the homogeneous coordinates, and
you want to apply a scaling matrix to the point. This scaling matrix shrinks x and y uniformly by a
factor of two, and stretches Z by a factor of three-halves. This scaling operation can easily be
computed using Equation (5.2):

%) (05 0 0 0)(1) (05
0 05 0 of2]_ |1

S = (5.3)

2170 0 15 off3] |45

1) Lo o o 1) (1

We can also calculate this using the C# application project Example5 1. First, we add a static
method Scal e3 to the Mat ri x3 class:

I/l Create a scaling matrix:
public static Matrix3 Scal e3(float sx, float sy, float sz)

{
Matrix3 result = new Matrix3();
result.M0, 0] = sx;
result.M1, 1] = sy;
result.M2, 2] = sz;
return resul t;

}

The following code listing of the Forml class in Example5 I performs the scaling
transformation:

usi ng System
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usi ng System Dr aw ng;
usi ng Syst em W ndows. For ns;

namespace Exanpl e5 1

public partial class Fornl : Form

publ i c Formil()
{
I'nitializeConponent();
}
private void Forml_Load(object sender, EventArgs e)
{
/1 Oreate the original point Point3 :
Point3 pt = new Point3();
pt.X =1,
pt.Y = 2;
pt.Z = 3;
/1 Performtransfornation:
Scal eTransforn{pt);
// Dsplay result in labell control:
label 1. Text = pt.X ToString() + ", " + pt.Y.ToString() +
" "+ pt.Z ToString() +", " + pt.WToString();
}
private void Scal eTransforn{Poi nt3 pt)
{
/1 Oreate a scaling matrix:
Matrix3 ml = Matrix3. Scal e3(0.5f, 0.5f, 1.5f);
/1 Performthe scaling operation:
pt. Transfor n{ ) ;
}

}

Here, we first create the original point (1, 2, 3, 1) (note that the default Wcomponent is 1!), then
create the scaling matrix by calling the static method Scal e3 in the Mat ri x3 class. Finally, we
perform a scaling operation by applying the scaling matrix to the original point. The results after
the transformation are stored in the original point object. Running this application will produce the
results displayed in Figure 5-1:

05 1. 45 1
Figure 5-1 A 3D point after scaling.

The above results are consistent with Equation (5.3), as expected. You can also perform two
successive scaling transformations. For example, the first scaling matrix is the same as ml, while
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the second scaling matrix has scaling factors of sx = 1, sy = 0.5, and sz = 0.3. The following code
snippet performs the scaling operation:

private void Scal eTransforn(Poi nt3 pt)

{
/1 Create a scaling matrix:
Matrix3 ml = Matrix3. Scal e3(0.5f, 0.5f, 1.5f);
/1 Create another scaling natrix:
Matrix3 n2 = Matrix3. Scal e3(1f, 0.5f, 0.3f);
/1 Performthe scaling operation:
pt. Transforn{ml * n®);

}

Here we calculate the two successive scaling transformations using a matrix multiplication:
pt. Transforn{nml * n®);
This matrix multiplication has been defined as a static method in the Mat ri x3 class. If you run

the project now, you should obtain the results shown in Figure 5-2, which can be easily confirmed
by direct matrix multiplication.

05 05 1351

Figure 5-2 A 3D point after two successive scaling operations.

Reflection

In the case of 2D objects, reflection across the X or Y axis is simple: you simply scale it with a
negative scaling factor. In 3D, however, you must reflect an object across a plane instead of a line.
Reflecting an object across the X-Y, X-Z, and Y-Z planes is easy. Simply scale the points using -1
as one of the scale factors. For example, to reflect an object across the X-Y planes, use a scaling
transformation matrix with sx =1,sy=1,and sz=- 1.

You can easily use the C# program Example6 1 to perform these simple reflections by adding a
Ref | ect Tr ansf or mmethod to the For m class:

private void Reflect Transforn(Point3 pt)
{
/1 Create the reflection matrix across the X-Y plane and
/1l performreflection transfornation:
Matrix3 m= Matrix3.Scale3(1,1,-1);
pt. Transforn{nj;

/] Create the reflection matrix across the X-Z plane and
/1 performreflection transfornation:

m= Matrix3.Scal e3(1, -1, 1);

pt. Transforn(n);

/1 Oreate the reflection natrix across the Y-Z pl ane and
/1l performreflection transformnation:
m = Matrix3. Scal e3(-1, 1, 1);
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pt. Transforn{nj;
}

Then call this method from For mL_Load.

Translation

A 2D translation matrix is easily generalized to the 3D case. To translate a point by a distance of
dx in the X direction, dy in the Y direction, and dz in the Z direction, you simply multiply the
point by a transform matrix in homogeneous coordinates:

x| 1 0 0 dx)(x x+dy
01 0 4 +d
ol plly|_| y+dy (5.4)
z 001 dzfz z+dz
1 0 00 1)1 1

The results of x; = x + dx, y; =y + dy, and z; = z + dz are indeed the correct translation of a point
x,y,21).

The translation can also be performed using Example5 I. First add a static method,
Tr ansl at e3, to the Mat ri x3 class:

public static Matrix3 Transl ate3(float dx, float dy, float dz)

{

Matrix3 result new Matrix3();

result.M0, 3] = dx;
result.M1, 3] = dy;
result.M2, 3] = dz;

return resul t;

}
Then add a method Tr ans| at eTr ansf or mto the For nil class:

private void Transl at eTr ansf or n{Poi nt 3 pt)

// Oeate a translation natrix:
Matrix3 ml = Matrix3. Transl ate3(2, 2.5f, 3);
pt. Transforn{nl);

}

In this method, we translate the original point (1, 2, 3, 1) by 2 in the X direction, 2.5 in the Y
direction, and 3 in the Z direction. Running the project creates a new point (3, 4.5, 6, 1) after the
translation. You can also examine the point after two successive translations by changing the
Tr ansl at eTr ansf or mmethod to the following code snippet:

private void Transl at eTransf or n{Poi nt 3 pt)
{

// Oeate a translation matrix:
Matrix3 ml = Matrix3. Transl ate3(2, 2.5f, 3);

/] Oreate another translation matri x:
Matrix3 n2 = Matrix3. Transl ate3(-3, -2, -1);
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/1 Performthe translation operation:

pt. Transforn{nml * n®);
}

After these two successive translations,

Rotation

you obtain a new point (0, 2.5, 5, 1).

Rotating an object around an arbitrary axis in 3D is much more complicated than doing so in 2D.

However, rotating an object around the

X, Y, or Z axis is still quite simple. For example, to rotate

a point around the Z axis, you can simply ignore the Z coordinate of the point and handle the
rotation as if it were taking place in 2D. This is due to the fact that its Z coordinate remains
unchanged when you rotate the point around the Z axis. We can easily write down this rotation

matrix in homogeneous coordinates:

cosd -s

sin@ cos@
0
0

0
0

in@

(5.5)

S = O O
— o o O

Similarly, we can represent rotation matrices around the Y and X directions:

cosd 0
0
—siné
0

(=

0
cos@
sin &

0

S O O =

sind 0
0 0
cosf 0
0 1

(5.6)

0

0
-sind 0
(5.7)
cosd 0
1

0

Using these informations, you can create a rotation transformation matrix in the Mat ri x3 class:

/] Oeate arotation

matri x around the x axis:

public static Matrix3 Rotate3X(float theta)

{
theta = theta * (

float sn = (fl oat
float cn = (fl oat

Matrix3 result =

result.M1, 1]
result.M1, 2]
result.M2, 1]
result.M2, 2]
return result;

float)Math. Pl / 180. Of;
)Math. Sin(theta);
) Mat h. Cos(theta);

new Matri x3();

cn;
-sn;
sn;
cn;
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}

/] Ceate arotation matrix around the y axis:
public static Matrix3 Rotate3dY(float theta)

{
theta = theta * (float)Math. Pl / 180. Of;
float sn = (float)Math. S n(theta);
float cn = (float)Math. Cos(theta);
Matrix3 result = new Matrix3();
result.M0, 0] =cn;
result.MO0, 2] = sn;
result.M2, 0] = -sn;
result.M2, 2] =cn;
return result;

}

// Oeate arotation matrix around the z axis:
public static Matrix3 Rotate3Z(float theta)

{
theta = theta * (float)Math. Pl / 180. Of;
float sn = (float)Math. Sin(theta);
float cn = (float)Math. Cos(theta);
Matrix3 result = new Matrix3();
result.M0, 0] = cn;
result.MO0, 1] = -sn;
result.M1, 0] = sn;
result.M1, 1] = cn;
return result;

}

These rotation matrices can be examined by adding a Rot at eTr ansFor mmethod to the For il
class:

private void RotateTransforn{Point3 pt)

{
/] Create a rotation matrix around the z axis by 45 degrees:
Matrix3 ml = Matrix3. Rot at e3Z(45);
/1 Performthe rotation operation:
pt. Transforn{ni);
}

Running the application generates the new point (-0.707, 2.121, 3, 1), which can easily be
confirmed using a direct matrix (see Equation (5.5)) multiplication approach. You can also
perform two successive rotations on the original point:

private void RotateTransforn{Point3 pt)

/] Oreate a rotation matrix around the z axis by 20 degrees:
Matrix3 ml = Matrix3. Rot at e3Z(20);
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/]l Oreate another rotation matrix around the
I/ z axis by 25 degrees:
Matrix3 n2 = Matrix3. Rot at e3Z(25);

/1 Performthe rotation operation:
pt. Transfornm{m * nR);
}

In this method, we first rotate the original point around the Z axis by 20 degrees, then rotate it
around the same axis by 25 degrees. Running this application produces the same results as the
above, i.e., the net result is equivalent to rotating around the Z axis by a total 45 degrees.

Projections

Because our computer screen is two dimensional, it cannot directly display 3D objects. In order to
view 3D objects on a 2D screen, you have to project the objects from 3D to 2D.

The most common types of projections are called planar geometric projections. These are a
distinct class of projections that maintain straight lines when mapping an object onto a viewing
surface. In a planar geometric projection, a ray or projector is passed from a center of projection
through the points being projected onto a planar viewing surface, called the view plane. Figure 5-3
shows the projection of a square object onto the view plane.

Planar geometric projections can be grouped into two categories, parallel and perspective, which
are described in the following subsections.

Yiew plane

/

Center of
projection

Frojectors

Frojection
of ohject

Figure 5-3 Projecting a square object from 3D to 2D view plane.
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Parallel Projections

In a parallel projection, the center of projection is located at an infinite distance from the view
plane. By placing the center of projection at an infinite distance from the view plane, projectors
become parallel to the view plane. For a parallel projection, instead of specifying a center of
projection, you need to specify a direction of projection. Figure 5-4 shows a parallel projection of
a square object onto the view plane.

There are several useful parallel projections that fall into two subcategories: orthographic and
oblique. In an orthographic projection, the projectors are perpendicular to the view plane; while in
an oblique projection, they are not.

Wiewy plane
Dhject
v

Direction of
projection
—_—

’\// ;

Projectors Projection
of object

Figure 5-4 A parallel projection of a square object.

Orthographic Projections

Orthographic projections are one of two projection types derived by subdivision of the parallel
projection subclass. In addition to being parallel, projectors in an orthographic projection are also
perpendicular to the view plane. They are often used in architectural and mechanical drawings.
Orthographic projections are further categorized as either multi-view or axonometric projections,
which are described below.

Multi-View Projections

A multi-view projection shows a single face of a 3D object. Common choices for viewing an
object in 2D include front, side, and top view. Figure 5-5 shows a house object as well as its front,
side, and top views.

These projections are very simple. To project a point, simply ignore the point’s unneeded third
coordinate. In top view, the normal of the view plane is parallel with the positive Y axis in a right-
handed system, as shown in Figure 5-5. To project the top view of a 3D object, the Y coordinates
are discarded and the X and Z coordinates for each point are mapped to the view plane. By
repositioning the normal of the view plane to the positive Z axis and selecting the X, and Y
coordinates for each point, a front view is projected to the view plane. Likewise, a side view is
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realized when the normal of the view plane is directed along the positive X axis, while the Y and
Z coordinates of a 3D object are projected to the view plane. These projections are often used in
engineering and architectural drawings. While they do not show the 3D aspects of an object,
multi-view projections are useful because the angles and dimensions of the object are maintained.

Tap Y

Front Side

Front

Figure 5-5 Front, side, and top views of orthographic projections.

Now, we can write down the transformation matrices for front, side, and top view. To create a
front view, ignore the z coordinate. This means

X 1 0 0 0)(x X
0100
N yi_Y (5.8)
z) 00 0 0):z 0
1 00 0 1)1 1

To create a side view, you simply ignore the X coordinate. You may also want to map the Y and Z
coordinates onto the X and Y coordinates to make it easier to display on a computer screen. In this
case, the new coordinates should be given by x; = - z and y; = y. Therefore, the transformation
matrix for side view is as follows:

X 0 0 -1 0)x -z
01 0 O
Mz iz ¥ (5.9)
z 00 0 0}¢z 0
1 00 0 1){1 1

Similarly, to create a top view, you should ignore the Y coordinate. To map points onto the X-Y
plane, you should use the relation: x; = x, and y; = -z, which results in the following
transformation matrix:
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X 1 0 0 0)x X
00 -10 -
= SN (5.10)
7 00 0 0f¢= 0
1 00 0 1)1 1

You can now add these transformation matrices for front, side, and top views to the Mat ri x3
class of Example5 I:

/1 Front view projection natrix:
public static Matrix3 FrontView()

Matrix3 result = new Matrix3();
result.M2, 2] =0;
return result;

}

// S de view projection matrix:
public static Matrix3 S deView()

{
Matrix3 result = new Matrix3();
result.M0, 0] = 0;
result.M2, 2] =0;
result.M0, 2] =-1;
return result;

}

/1 Top view projection natri x:
public static Matrix3 TopVi ew()

{
Matrix3 result = new Matrix3();
result.M1, 1] = 0;
result.M2, 2] =0;
result.M1, 2] =-1;
return result;

}

Axonometric Projections

Multi-view projections preserve distances and angles, in other words, you can measure distances
and angles directly from the projection of an object. However, it is often difficult to understand
the 3D structure of an object by examining only its multi-view projections. Reproducing a house
object like the one in Figure 5-5 from these multi-view projections takes experience and good
spatial intuition.

To make the 3D nature of an object more apparent, you can use projections that are not parallel to
the X, Y, or Z axis. This type of projection is called an axonometric orthographic projection.
Unlike multi-view projections, axonometric projections allow you to place the normal of the view
plane in any direction so that three adjacent faces of a "cube-like" object are visible. To avoid
duplication of the views displayed by multi-view projections, the normal of the view-plane for an
axonometric view is usually not placed parallel to a major axis. The increased versatility in the
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direction of the normal of the view plane positions the view plane so that it intersects at least two
of the major axes. Lines of a 3D object that are parallel in the world coordinate system are
likewise projected to the view plane as parallel lines. In addition, the length of a line, or line
preservation, is maintained for lines parallel to the view plane. Other receding lines maintain only
their proportion and are foreshortened equally with lines along the same axes.

Let’s try to construct a transformation matrix for an axonometric projection. Suppose that we first
rotate over an angle  around the Y axis, and then over an angle a around the X axis. This
corresponds to the product of two rotation matrices:

1 0 0 0 cosf 1 sinf8 0
0 cosa -sina 0 0 1 0 0
0 sina cosa Of -sinf8 0 cosfB O
0 0 0 1 0 0 0 1
cos 8 0 sin B 0

sinasinf3 cosa@ -—sinacosf 0

- —cosasinff sina@ cosacosfS O

0 0 0 1

In the above matrix, the first column is the result of applying the two rotations to the unit vector
along the X axis: e; = (1; 0; 0; 1); the second column contains the image of e, = (0; 1; 0; 1) along
the Y axis; and the third column contains the image of e; = (0; 0; 1; 1) along the Z axis.

If we project along the Z axis (side view), the third row of the above matrix has to be replaced by
zeros; i.e., the projected point (xy, yi, z;, 1) becomes:

X cos B 0 sin 8 0)x
in q'si a -—singa 0
yi|_|sinasin B cos sina cos 8 y 5.11)
z 0 0 0 0f z
1 0 0 0 1)1

By varying the angles o and f, various axonometric projections can be created. Note an important
property of the above projection matrix. Let’s call the columns of the matrix a1, a2 and a3. Then

lal? +|a2? +|a3 =2 (5.12)

Axonometric projections can be further divided into three types that depend upon the number of
major axes that are foreshortened equally. These axonometric views are defined as isometric,
dimetric, or trimetric projections.

Isometric Projections:

An isometric projection is a commonly used type of axonometric projection. In this projection, all
three of the major axes are foreshortened equally since the normal of the view plane makes equal
angles with all three coordinate axes. To satisfy this condition, we must have |al| = |a2| = [a3].
Using equation (5.12), we obtain:



234 Practical C# Charts and Graphics

|al|= a2 |7 a3 |=+v/2/3

From the second column of the projection matrix in Equation (5.11), we deduce

cosa =%42/3 (and sina :il/\/g ). The first and the third columns lead to the following
equations:

cos? B+sin? B/3=2/3
sin? B+cos> B/3=2/3

This means thatcos S =sin S =1/ JE . From all the possible solutions, we can take the ones with
sin 5 = ~1/4/2 and cos L= 1/42 (corresponding to B = - 45 degrees), cos@ =+2/3 , and

sing =1/ ﬁ (corresponding to o = 35.26 degrees). The projection matrix in Equation (5.11)
becomes

/{2 0 -1/42 0
-1/46 A2/3 -1/46 0
0 0 0 0
0 0 0 1

We can then obtain the coordinates of the three unit vectors e;, €2, and e; in the view plane (the
2D screen corresponding to the X-Y plane) using the above projection matrix:

el - (1/42,-1/4/6) = (0.71, - 0.41)
€2 - (0,4/2/3) =(0,0.82)
3 o (—1/42, =1/4/6) = (<0.71, - 0.41)

(0.71,-0.41)

0.71, -0.41)

Figure 5-6 Isometric projections of the unit vectors of the coordinate axes
(left) and a cube object (right).

The above projected coordinates for the unit vectors determine the positions of the X, Y, and Z
coordinate axes in the view plane (the screen). Figure 5-6 shows the isometric projections of three
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unit vectors of the coordinate axes and a cube object. Isometric projections scale lines equally
along each axis, which is often useful since lines along the coordinate axes can be measured and
converted using the same scale.

Dimetric Projections:

Dimetric projections differ from isometric projections in the direction of the normal of the view
plane. In this case, (al, a2, a3) are set so that they make equal angles with two of the coordinate
axes. For example, a valid setting for a dimetric projection might be: |al| : |a2|: [a3|=2:2:1. If

we set |al| = [a2| = +/8/9 , then from Equation (5.12) we have [a3| = 42/9 . The projection matrix
in Equation (5.11) reduces to the following formulae:

cos? B+sin’ asin? B=8/9
cos’a=8/9
sin? B+sin’ acos> B=2/9

A possible solution (a = 19.47 and p = - 20.7 degrees) gives the following projection matrix:

V778 0 -1/4/8 0
—-1/72 819 -47/72 0
0 0 0 0
0 0 0 1

Then, the three unit vectors e;, €,, and ej after this projection transformation become

el - (J7/8,-1/4/72 ) =(0.935,-0.118)
2 - (0,+/8/9) = (0, 0.943)
3 o (—1/4/8,=7/72) = (~0.354, - 0.312)

{0935, -0.118)
(0.354,-0.312) !
g

Figure 5-7 Dimetric projections of the unit vectors along the coordinate
axes (left) and a cube object (right).
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In this case, only lines drawn along the two equally foreshortened axes (i.e., the X and Y axes) are
scaled by the same factor.

Figure 5-7 shows dimetric projections of three unit vectors along the coordinate axes and a cube
object. When the normal of the view plane is set so that the view plane is parallel to a major axis,
line measurements are maintained in the projection for lines that are parallel to the chosen axis.

Trimetric Projections:

In trimetric projections, the normal of the view plane makes different angles with each coordinate
axis since no two components have the same value. As with a dimetric view, a trimetric view
displays different orientations by placing differing amounts of emphasis on the faces. Trimetric
projections have a potential disadvantage measuring lines along the axes is difficult because of the

difference in scaling factors. For example, | al|=+4/4/10, |a2|=47/10, and |a3|=+9/10is a

possible trimetric projection because this selection satisfies Equation (5.12). We can then obtain
the projection matrix with this trimetric projection (corresponding to a = 33.21 and B = - 67.79
degrees):

V17 0 -v6/7 0
-J18/70 7/10 =+/3/70 0
0 0 0 0
0 0 0 1

Three unit vectors along the coordinate axes in the view plane can be obtained after this trimetric
projection:

el — (W1/7,-+/18/70 ) = (0.378, - 0.507)
2 - (0,+/8/9) = (0, 0.837)
€3 - (—6/7,-4/3/70) = (~0.926, - 0.207)

(0.926, -0.207)
(0.378, -0.507)

1

Figure 5-8 Trimetric projections of the unit vectors along the coordinate
axes and a cube object.
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Figure 5-8 shows trimetric projections of unit vectors of the coordinate axes and a cube object.
You can see how the unequal-foreshortening characteristic of these projections affects line
measurements along different axes. While disadvantageous in maintaining measurements, a
trimetric projection, with the correct orientation, can offer a realistic and natural view of an object.

Orthographic Projections in C#

Using the projection matrices discussed in the last two subsections, we can write a C# program to
visually demonstrate orthographic projections. Start with a new C# Windows Application project,
Example5 2. Add classes, Mat ri x3 and Poi nt 3, from the previous project Example5 1 to the
current project and change their namespace to Example5 2. Add a new class, Dr awHouse, to the
project, which will draw a house object on the view plane. Add a public static method,
Axonometri c, to the Mat ri x3 class:

/1 Axonoretric projection natrix:
public static Matrix3 Axononetric(float al pha, float beta)

{
Matrix3 result = new Matrix3();
float sna = (float)Math. Sin(al pha * Math. Pl / 180);
float cna = (float)Math. Cos(al pha * Math. Pl / 180);
float snb = (float)Math. Sin(beta * Math.Pl / 180);
float cnb = (float)Math. Cos(beta * Math.Pl / 180);
result.M0, 0] = cnb;
result.MO0, 2] = snb;
result.M1, 0] = sha * snb;
result.M1, 1] = cna;
result.M1, 2] =-sna * cnb;
result.M2, 2] =0;
return result;

}

This method creates a transformation matrix for an axonometric projection based on Equation
(5.11).

The following is the code listing of the Dr awHouse class:

usi ng System
usi ng System Drawi ng;

nanespace Exanpl e5_2

public class DrawHouse

{
private Fornl forni;

private float a = 10;

publ i c DrawHouse(Fornl fni)
{
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}

forml = fni;

public Drawouse(Fornml fni, float al)

}

fornml = fni;
a = al;

public Point3[] HouseCoordi nat es()

{

}

Poi nt3[] pts = new Poi nt 3[ 10] ;

pts[0] = new Point3(0, 0, O, 1);
pts[1] = new Point3(a, 0, 0, 1);
pts[2] = new Point3(a, a, 0, 1);
pts[3] = newPoint3(a/ 2, 5* a/ 4,
pts[4] = new Point3(0, a, 0, 1);
pts[5] = new Point3(0, a, a, 1);
pts[6] = newPoint3(a/ 2, 5* a/ 4,
pts[7] = new Point3(a, a, a, 1);
pts[8] = new Point3(a, 0, a, 1);
pts[9] = new Point3(0, 0, a, 1);
return pts;

public void DrawFront Vi ew( G aphi cs g)

{

}

/!l Project points to front view
Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. FrontView();
for (int i =0; i <pts.Length; i++)

pts[i]. Transforn(n);
}

Point F[] pta = new Point F[ 5];

pta[0] = Poi nt 2D(new Poi nt F(pt s[ 5] . X,
pta[1] = Poi nt 2D(new Poi nt F(pt s[ 6] . X,
pta[2] = Point2D(new Poi nt F(pts[7]. X
pta[ 3] = Poi nt 2D(new Poi nt F(pts[ 8] . X
pta[4] = Poi nt 2D(new Poi nt F(pts[ 9] . X,

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

public void Drawsi deVi ew( G aphi cs Q)

{

/!l Project points to front view
Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. SideView);

for (int i =0; i < pts.Length; i++)
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pts[i]. Transforn(nj;

pts[1].
pts[2].
pts[3].
pts[6].
pts[7].
pts[8].

pts[2].
pts[3].
pts[4].
pts[5].
pts[6].
pts[7].

}
Point F[] pta = new Poi nt F[ 6] ;
pta[0] = Poi nt 2D(new Poi nt F(pts[1] . X
pta[ 1] = Poi nt 2D( new Poi nt F(pt s[ 2] . X
pta[2] = Poi nt 2D(new Poi nt F(pts[ 3] . X
pta[ 3] = Point 2D(new Poi nt F(pt s[ 6] . X,
pta[4] = Poi nt 2D(new Poi nt F(pts[7]. X
pta[ 5] = Point 2D(new Poi nt F(pt s[ 8] . X
g. Fi I'| Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
g. DrawLi ne(Pens. Bl ack, pta[l], pta[4]);
}
public void DrawlopVi ew( G aphi cs g)
{
/1 Project points to front view
Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. TopM ew() ;
for (int i =0; i < pts.Length; i++)
pts[i]. Transforn(mn;
Point F[] pta = new Poi nt F[ 6] ;
pta[ 0] = Poi nt 2D( new Poi nt F(pts[ 2] . X
pta[1] = Poi nt 2D(new Poi nt F(pts[ 3] . X
pta[2] = Point2D(new Poi nt F(pts[4]. X
pta[ 3] = Poi nt 2D( new Poi nt F(pt s[ 5] . X,
pta[ 4] = Poi nt 2D(new Poi nt F(pt s[ 6] . X,
pta[5] = Poi nt2D(new Poi nt F(pts[7]. X
g. Fi || Pol ygon( Brushes. Li ght G ay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
g. DrawLi ne(Pens. Bl ack, pta[1], pta[4]);
}

public void Draw sonetri cVi ew( G aphi cs @)

{

/!l Project points to front view
Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. Axonoret ri c(35. 26f, -45);

for (int i =0; i < pts.Length; i++)

pts[i]. Transforn(nj;

Point F[] pta = new Poi nt F[ 6] ;
pta[0] = Point2D(new Point F(pts[2].X, pts[2].Y));

ISISISSISS
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}

pta[1] = Point2D(new Point F(pts[3].X, pts[3].Y))
pta[2] = Point2D(new Poi nt F(pts[4].X, pts[4].Y));
pta[ 3] = Point2D(new Poi nt F(pts[5].X, pts[5].Y));
pta[4] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[5] = Point2D(new Point F(pts[7].X, pts[7].Y))

g. Fi || Pol ygon( Brushes. Li ght G ay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
g. DrawLi ne(Pens. Bl ack, pta[1], pta[4]);

pta = new Poi nt F[ 5] ;

pta[0] = Point2D(new Poi nt F(pts[5].X, pts[5].Y))
pta[ 1] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[2] = Point2D(new Point F(pts[7].X, pts[7].Y));
pta[ 3] = Point2D(new Point F(pts[8].X pts[8].Y));
pta[4] = Point2D(new Point F(pts[9].X pts[9].VY))

g. Fi || Pol ygon( Brushes. Li ght G ay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Point F(pts[1].X, pts[1].Y))
pta[1] = Point2D(new Point F(pts[2].X, pts[2].Y));
pta[2] = Point2D(new Point F(pts[7].X, pts[7].Y));
pta[ 3] = Point2D(new Poi nt F(pts[8].X, pts[8].Y));

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

public void Drawbi netricVi ew( G aphi cs @)

{

/l Project points to front view
Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. Axononetric(19.47f, -20.7f);

for (int i =0; i <pts.Length; i++)
{
pts[i].Transforn(n);

Point F[] pta = new Point F[ 6] ;

pta[0] = Point2D(new PointF(pts[2].X pts[2].Y)
pta[1] = Point2D(new Point F(pts[3].X pts[3].V)
pta[2] = Point2D(new PointF(pts[4].X pts[4].Y));
pta[3] = Point2D(new Point F(pts[5].X pts[5].Y)
pta[4] = Point2D(new Point F(pts[6].X pts[6].Y)
pta[5] = Point2D(new Point F(pts[7].X pts[7].Y)

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
g. DrawLi ne(Pens. Bl ack, pta[1], pta[4]);

pta = new Poi nt F[ 5] ;

pta[0] = Point2D(new Poi nt F(pts[5].X, pts[5].Y))
pta[ 1] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[2] = Point2D(new Point F(pts[7].X, pts[7].Y));
pta[3] = Point2D(new Point F(pts[8].X, pts[8].Y));
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pta[4] = Point2D(new Point F(pts[9].X, pts[9].VY));
g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new PointF(pts[1].X pts[1].Y));
pta[ 1] = Point2D(new Point F(pts[2].X, pts[2].Y));
pta[2] = Point2D(new PointF(pts[7].X pts[7].Y));
pta[3] = Point2D(new Point F(pts[8].X, pts[8].Y));

g. Fi | | Pol ygon( Brushes. Li ght G ay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

}

public void DrawTrinetri cVi ew( G aphi cs Q)
{
/!l Project points to front view
Poi nt 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. Axonorretri c(33. 21f, -67.79f);

for (int i =0; i < pts.Length; i++)
{

}

Point F[] pta = new Poi nt F[ 6] ;
pt a[ 0] Poi nt 2D( new Poi nt F(pts[ 2] . X,
pta 1] Poi nt 2D( new Poi nt F(pts[3]. X pts[3].
ptal 2] Poi nt 2D( new Poi nt F(pts[4]. X, pts[4].
ptal 3] Poi nt 2D( new Poi nt F(pts[5]. X pts[5].
X
X

pts[i]. Transforn(mn;
pts[2].

pt a 4] Poi nt 2D( new Poi nt F( pt s[ 6] . pts[6].
pt a[ 5] Poi nt 2D( new Poi nt F(pt s[ 7] . pts[7].
g. Fi || Pol ygon( Brushes. Li ght G ay, pta)
g. DrawPol ygon( Pens. Bl ack, pta);

g. DrawLi ne(Pens. Bl ack, pta[l], pta[4]);

ISISISISISS

pta = new Point F[ 5] ;

pta[ 0] Poi nt 2D( new Poi nt F(pts[5]. X, pts[5].Y));
pta[ 1] Poi nt 2D( new Poi nt F(pts[6].X, pts[6].Y));
pta[ 2] Poi nt 2D( new Poi nt F(pts[7]. X, pts[7].Y));
pta[ 3] Poi nt 2D( new Poi nt F(pts[8].X, pts[8].Y));
pt a 4] Poi nt 2D( new Poi nt F(pts[9]. X, pts[9].VY));
g. Fi | | Pol ygon( Brushes. Li ght G ay, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pt af 0] Poi nt 2D(new Poi nt F(pts[1]. X pts[1].
pta 1] Poi nt 2D( new Poi nt F(pts[2]. X pts[2].
ptal 2] Poi nt 2D(new Poi nt F(pts[7]. X pts[7].
pta[ 3] Poi nt 2D( new Poi nt F(pts[8]. X, pts[8].
g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

}

public void DrawAxononetricVi ew( G aphics g,
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}

float al pha, float beta)

/l Project points to front view
Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. Axonorretri c(al pha, beta);

for (int i =0; i < pts.Length; i++)

pts[i]. Transforn(n;
}
Point F[] pta = new Point F[ 4];
pta[ 0] = Point2D(new Point F(pts[3].X pts[3].
pta[ 1] = Point2D(new Point F(pts[4].X pts[4].
pta[2] = Poi nt2D(new Poi nt F(pts[5].X, pts[5].
pta[ 3] = Poi nt2D(new Poi nt F(pts[6]. X, pts[6].

g. Fi || Pol ygon( Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Point F(pts[2].X pts[2].
pta[ 1] = Point2D(new Point F(pts[3].X pts[3].
pta[2] = Point2D(new Point F(pts[6].X, pts[6].
pta[3] = Point2D(new Point F(pts[7].X pts[7].

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 5] ;

pta[ 0] = Point2D(new Point F(pts[5].X pts[5].
pta[ 1] = Point 2D new Poi nt F(pts[ 6] . X, pts[6].
pta[2] = Point2D(new Point F(pts[7].X pts[7].
pta[ 3] = Poi nt2D(new Poi nt F(pts[8].X, pts[8].
pta[4] = Point2D(new Point F(pts[9].X pts[9].

g. Fi || Pol ygon( Brushes. Li ght G ay, pta)
g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Poi nt F(pts[1].X, pts[1].
pta[1] = Point2D(new Point F(pts[2].X pts[2].
pta[2] = Point2D(new Point F(pts[7].X pts[7].
pta[ 3] = Point2D(new Point F(pts[8].X pts[§].

g. Fi | | Pol ygon( Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

private PointF Point 2D( Poi nt F pt)

{

Poi nt F aPoi nt = new Poi nt F();

aPoint. X = fornl. panel 1. Wdth / 2 + pt. X
aPoint.Y = fornl. panel 1. Height / 2 - pt.Y;
return aPoint;

ISISISS
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In this class, we first define two field members, one for the For ml object and the other for the
side length of the house object. The For mil object defined in this class is necessary because we
need to access the panel 1 control of the For il class from the Poi nt 2D method. The side
length field member and its corresponding property allow you to specify a specific side length for
the house object.

Then, we create point coordinates for the house object. This house object contains a cube and a
triangular top. You can set its size by specifying the side length of the cube. Next, we draw
various projection views of the house object. Please note that all of the points are passed through a
coordinate transformation using the Poi nt 2D method before drawing the house. The Poi nt 2D
method moves the origin of the coordinate system to the center of panel 1 and redefines the Y
axis in a conventional manner (i.e., from bottom to top).

You might wonder why we use a different point array to draw the house object for each different
projection view. The answer is that here, we use a try-and-error approach to draw polygon
surfaces visible on your computer screen. You can also draw the 3D house object using advanced
surface hidden algorithms, such as the Hi-Lo or Z-order technique that allows you to
automatically select which surfaces of the house object will be displayed on top of your computer
screen. We will use the Z-order method to draw 3D surface charts in the following chapter.

The following For mil class can be used to test the application:

usi ng System
usi ng System Drawi ng;
usi ng System W ndows. For ns;

nanespace Exanpl e5_2

{

public partial class Fornl : Form
public Formi()
{

InitializeConponent ();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
this. BackCol or = Col or. Wi te;

/!l Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Paint +=
new Pai nt Event Handl er (panel 1Pai nt);

}

private void panel 1Pai nt (obj ect sender, PaintEvent Args e)
{

Q@ aphi cs g = e. G aphi cs;

float a = panel 1. Wdth / 3;

DrawHbuse dh = new DrawHbuse(this, a);

i f (rbFront. Checked)
dh. DrawFr ont Vi ew( ) ;

el se if (rbS de. Checked)
dh. Drawsi deVi ew( Q) ;
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el se if (rbTop. Checked)
dh. DrawTopVi ew( g) ;

else if (rblsonetric. Checked)
dh. Drawl sorretri cVi ew( Q) ;

else if (rbD metric. Checked)
dh. Drawbi et ri cMi ew( Q) ;

else if (rbTrinmetric. Checked)
dh. DrawlrimetricViewg);

el se if (rbAxonorretric. Checked)
{
float al pha = Convert. ToSi ngl e(t bAl pha. Text);
if (alpha < 0)
al pha = -al pha;
float beta = Convert. ToS ngl e(tbBet a. Text);
if (beta > 0)
beta = -beta;
dh. DrawAxononetri cMi ew(g, al pha, beta);
} }

private void btnApply_Qick(object sender, EventArgs e)
{

}

panel 1. I nval i date();

}

In this class, we draw the house object on the panel 1 control using the panel 1Pai nt method.
Within the panel 1Pai nt method, we define the side length of the house object in terms of the
width of the panel 1 control so that the house object will be resized proportionally when
panel 1 is resized. Then, we pass this side length parameter to the object of the Dr awHouse
class using the statement:

DrawHouse dh = new DrawHouse(this, a);

Finally, we draw a variety of projection views of the house object on the screen by calling
different drawing methods from the Dr awHouse class.

This application creates the output of Figure 5-9. From this project, you can draw different
projection views by selecting the corresponding radio buttons and clicking the Appl y button. In
particular, you can also examine general axonometric projections by specifying angles of a and .
You might note that only the surfaces of the house object that are visible get drawn on the screen,
as expected.

It can be seen from this example that in order to draw a 3D object on a 2D computer screen (the
view plane), you need first to perform a projection transformation on 3D points of the object. The
X and Y components of projected points provide coordinates in the 2D view plane. After
corresponding coordinate transformation from the world to device system, you draw the projected
object on the 2D screen using this projected information.
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Figure 5-9 Demonstration of orthographic projections.

Oblique Projections

Oblique projections represent the second category of parallel projections. Oblique views are useful
because they combine the advantageous qualities of both multi-view and axonometric projections.
Like axonometric projections, this type of projection emphasizes the 3D features of an object. At
the same time, like multi-view projections, oblique views display the exact shape of one face.
Oblique view use parallel projectors, but the angle between projectors and the view plane is no
longer orthogonal. Because of these properties, more than one face of the object is visible in an
oblique projection. Figure 5-10 shows the difference between orthographic and oblique
projections.

Yiew plane
P N

/7
<~/ /
7

/ /

Frojectars

Orthographic Chligue

Figure 5-10 Orthographic and oblique projections.
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Now let’s try to construct a transformation matrix for an oblique projection. As shown in Figure
5-11, there are two angles that need to be considered: the one that the projector makes with the
projection plane (o) and the one in the projection plane (0).

N
&~

(3 !.r.<

Wiew plane

z
Figure 5-11 Oblique projection of a point (x, y, z).
The equations for the projected point are given below. The x and y components of the projected

point are computed in relation to the angle in the projection plane (0). The coefficient L, the length
of the projected line, is computed from the angle (o) that the projector makes with the plane.

x, =x+Lcos@
yy=y+Lsin@
L=-z/tana

The transformation matrix for oblique projections is given by the following:

1 0 —cos@/tana O
0 1 -sinf/tana 0
(5.13)
00 0 0
00 0 1

Notice that this transformation matrix represents an orthographic projection with L = 0. Oblique
projections are further divided into either cavalier or cabinet projections.
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Cavalier Projections

Cavalier projections are a very useful type of oblique projection. In this case, the projectors meet
the view plane at a 45-degree angle (i.e. a = 45 degrees). With this type of projection, a line
perpendicular to the view plane is transformed into a line that has a same length as the original
line. This means that you can measure lengths using the same scale along all three coordinate
axes. In this projection, the angle 0 is typically set to 30 or 45 degrees.

Cabinet Projections

On the other hand, when a = 63.4 degrees, the projection is called a cabinet projection. When
projected at this angle, lines that are perpendicular to the view plane are displayed as one-half of
their actual length. Because of the reduction of length for lines perpendicular to the view plane,
cabinet projections appear more realistic than cavalier projections.

Oblique Projections in C#

Using the transformation matrix given previously, we can write a C# application program to
visually demonstrate oblique projections. Start with a new C# Windows Application project and
name it Example5 3. Add the Mat ri x3, Poi nt 3, and Dr awHouse classes from the previous
project Example5 2 to the current project, and change their namespace to Example5 3.

Add a public static method, ol i que, to the Mat r i x3 class:

/1 blique projection matri x:
public static Matrix3 Colique(float al pha, float theta)

{
Matrix3 result = new Matrix3();
float ta = (float)Math. Tan(al pha * Math.Pl / 180);
float snt = (float)Math. Sin(theta * Math.Pl / 180);
float cnt = (float)Math. Cos(theta * Math.Pl / 180);
result.M0, 2] =-cnt / ta;
result.M1, 2] =-snt / ta;
result.M2, 2] =0;
return resul t;

}

The static method Obl i que represents a general oblique projection transformation with arbitrary
angles of o and B. You can derive either a cavalier or a cabinet projection from this matrix by
specifying proper angles of a and f.

Then, add following methods to the Dr awHouse class:

public void DrawCaval i erVi ew( G-aphics g, float theta)
{

/!l Project points to front view
Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. Gblique(45, theta);

for (int i =0; i < pts.Length; i++)
{
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}

pts[i]. Transforn(m;

Point F[] pta = new Poi nt F[ 4];

pta[0] = Point2D(new Poi nt F(pts[3].X, pts[3].VY));
pta[ 1] = Point2D(new Poi nt F(pts[4]. X, pts[4].Y));
pta[2] = Point2D(new Poi nt F(pts[5].X, pts[5].Y));
pta[ 3] = Point2D(new Poi nt F(pts[6].X pts[6].Y));
g. Fi I'| Pol ygon(Brushes. Li ght Gay, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Point F(pts[2].X, pts[2].Y));
pta[ 1] = Point2D(new Point F(pts[3].X, pts[3].VY));
pta[2] = Point2D(new Poi nt F(pts[6].X pts[6].Y));
pta[3] = Point2D(new PointF(pts[7].X pts[7].Y));
g. Fi || Pol ygon( Brushes. Li ght Gay, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 5] ;

pta[ 0] = Point2D(new Poi nt F(pts[5].X, pts[5].Y));
pta[ 1] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[2] = Point2D(new Poi nt F(pts[7].X, pts[7].Y));
pta[3] = Point2D(new Point F(pts[8].X, pts[8].Y));
pta[4] = Point2D(new Poi nt F(pts[9]. X, pts[9].Y));
g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Poi nt F(pts[1].X, pts[1].Y));
pta[1] = Point2D(new PointF(pts[2].X pts[2].Y));
pta[2] = Point2D(new PointF(pts[7].X pts[7].Y));
pta[ 3] = Point2D(new Point F(pts[8].X pts[8].Y));

g. Fi || Pol ygon( Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

public voi d DrawCabi net Vi ew( @ aphi cs g, float theta)

{

/1l Project points to front view

Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. Coli que(63.4f, theta);
for (int i =0; i < pts.Length; i++)

pts[i]. Transforn(nj;
}

Point F[] pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Point F(pts[3].X, pts[3].Y));
pta[1] = Point2D(new Poi nt F(pts[4].X, pts[4].Y));
pta[2] = Point2D(new Poi nt F(pts[5]. X, pts[5].Y));
pta[ 3] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
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g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Point F(pts[2].X, pts[2].Y))
pta[ 1] = Point2D(new Point F(pts[3].X, pts[3].VY));
pta[2] = Point2D(new Point F(pts[6].X, pts[6].Y));
pta[3] = Point2D(new Point F(pts[7].X, pts[7].Y));

g. Fi || Pol ygon( Brushes. Li ght G ay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 5] ;

pta[0] = Point2D(new Poi nt F(pts[5].X pts[5].Y));
ptal[ 1] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[2] = Point2D(new PointF(pts[7].X pts[7].Y));
pta[3] = Point2D(new Point F(pts[8].X pts[8].Y));
pta[4] = Point2D(new Poi nt F(pts[9].X, pts[9].VY));
g. Fi || Pol ygon( Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
pta = new Poi nt F[ 4] ;
pta[0] = Point2D(new Poi nt F(pts[1]. X, pts[1].Y));
pta[1] = Point2D(new Point F(pts[2].X, pts[2].Y));
pta[2] = Point2D(new Poi nt F(pts[7].X, pts[7].Y));
pta[3] = Point2D(new Point F(pts[8].X, pts[8].Y));
g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

}

public void Drawtbl i queVi ew( G aphi cs g,

float al pha, float theta)

{
/1 Project points to front view
Point 3[] pts = HouseCoordi nates();
Matrix3 m= Matrix3. (olique(al pha, theta);
for (int i =0; i < pts.Length; i++)

pts[i].Transforn(n);

Point F[] pta = new Poi nt F[ 4];
pta[0] = Point2D(new Point F(pts[3].X pts[3].VY));
pta[1] = Point2D(new PointF(pts[4].X pts[4].Y));
pta[2] = Point2D(new Poi nt F(pts[5].X, pts[5].Y));
pta[ 3] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
pta = new Poi nt F[ 4] ;
pta[0] = Point2D(new Point F(pts[2].X, pts[2].Y));
pta[1] = Point2D(new Point F(pts[3].X, pts[3].VY));
pta[2] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[3] = Point2D(new Point F(pts[7].X, pts[7].Y));

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
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g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 5] ;

pta[0] = Point2D(new Poi nt F(pts[5].X, pts[5].Y));
pta[ 1] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[2] = Point2D(new PointF(pts[7].X pts[7].Y));
pta[3] = Point2D(new Poi nt F(pts[8].X, pts[8].Y));
pta[4] = Point2D(new Poi nt F(pts[9].X, pts[9].VY));

g. Fi Il Pol ygon(Brushes. Li ght G ay, pta)

g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Point F[ 4];

pta[0] = Point2D(new Poi nt F(pts[1].X, pts[1].Y));
pta[1] = Point2D(new PointF(pts[2].X pts[2].Y));
pta[2] = Point2D(new PointF(pts[7].X pts[7].Y));
pta[ 3] = Point2D(new Point F(pts[8].X pts[8].Y));

g. Fi || Pol ygon( Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

}

These three methods are similar to those in the previous project, Example5 2. We use these
methods to draw various oblique projection views of the house object, including cavalier, cabinet,
and general oblique views. We first perform a projection transformation on a point array that
describes the house object by calling the static method bl i que from Mat ri x3 class. Then,
these points are passed through a coordinate transformation using the Poi nt 2D method before
drawing the house. The Poi nt 2D method moves the origin of the coordinate system to the center
of panel 1 and redefines the Y axis in a conventional manner (i.e., from bottom to top).

Finally, the following For mil class is implemented, which can be used to test the project:

usi ng System
usi ng System Drawi ng;
usi ng Syst em W ndows. For ns;

nanmespace Exanpl e5_3

{

public partial class Fornl : Form
public Formi()
{

InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);

/1 Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Paint +=
new Pai nt Event Handl er ( panel 1Pai nt);

}

private voi d panel 1Pai nt (obj ect sender, PaintEventArgs e€)
{

Q aphi cs g = e. G aphi cs;

float a = panel 1. Wdth / 3;

DrawHouse dh = new DrawHouse(this, a);

float theta = Convert. ToS ngl e(tbTheta. Text);
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if (rbCavalier. Checked)
{

dh. DrawCaval i erM ew(g, theta);
}

el se if (rbCabi net. Checked)

dh. DrawCabi net Vi ew(g, theta);
}

else if (rbQolique. Checked)

float al pha = Convert. ToS ngl e(t bA pha. Text);
dh. Drawbl i queVi ew(g, al pha, theta);

}
}
private void btnApply_Qdick(object sender, Event Args e)
{
panel 1. I nvalidate();
}
private void rbCaval i er _CheckedChanged( obj ect sender,
Event Args e)
t bAl pha. Enabl ed = fal se;
}
private void rbCabi net _CheckedChanged( obj ect sender,
Event Args e)
t bAl pha. Enabl ed = fal se;
}
private void rbl i que_CheckedChanged( obj ect sender,
Event Args e)
t bAl pha. Enabl ed = true;
}

}

This generates the output shown in Figure 5-12. You can examine Cavalier, Cabinet, and general
Oblique projections by clicking their corresponding radio buttons and entering proper angle values
into the text boxes. Please note that the textbox for the angle a is disabled when you are clicking
on the Cavalier or Cabinet radio button, because the angle a is fixed in these two cases (o = 45
degrees for a Cavalier view and 63.4 degrees for a Cabinet view). However, you can still change
the angle B for both cases. When you select the general Oblique view, the textbox for the angle o
is enabled so you can specify both a and B angles in this case.
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) Oblique view

Figure 5-12 Demonstration of oblique projections.

Perspective Projections

In a perspective projection, objects of equal size at different distances from the view plane will be
projected at different sizes, nearer objects will appear closer. The projectors pass from a center of
projection through each point in the object to the view plane.

Figure 5-13 shows perspective projections of two square objects. The square that is further from
the center of projection is projected into a smaller image on the view plane. In comparison to
parallel projections, perspective projections often provide a more natural and realistic view of a
3D object. By comparing the view plane of a perspective projection with the view seen from lens
of a camera, the underlying principle of perspective projection can easily be understood. Like the
view from a camera, lines in a perspective projection not parallel to the view plane converge at a
distant point (called a vanishing point) in the background. When the eye or camera is positioned is
close to the object, perspective foreshortening occurs, with distant objects appearing smaller in the
view plane than closer objects of the same size, as shown in Figure 5-13.

Perspective projections can be classified by the number of vanishing points they contain. There
are three types of perspective projections: one-point, two-point, and three-point projections. Each
type differs in the orientation of the view plane and the number of vanishing points.

One-Point Perspective Projections

In one-point perspective, lines of a 3D object along a coordinate axis converge at a single
vanishing point while lines parallel to the other axes remain horizontal or vertical in the view
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plane. To create a one-point perspective view, the view plane is set parallel to one of the principal
planes in the world coordinate system. Figure 5-14 shows a one-point perspective view of a cube.
In this projection, the view plane is positioned in front of the cube and parallel to the X-Y plane.

Center of proje clion

Wiew plane

Figure 5-13 Perspective projections: objects farther from the center of
projection appear smaller than closer objects.

Fi

Figure 5-14 One-point perspective projection.

Two-Point Perspective Projections

Two-point perspective projects an object to the view plane so that lines parallel to two of the
major axes converge at two separate vanishing points. To create a two-point perspective, the view
plane is set parallel to a coordinate axis rather than a plane. to satisfy this condition, the normal of
the view plane should be set perpendicular to one of the major world coordinate system axes.
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Figure 5-15 shows a two-point perspective view of a cube. In this figure, lines parallel to the x-
axis converge to a vanishing point while lines parallel to the z-axis converge at another vanishing
point. Two-point perspective views often provide additional realism in comparison to other
projection types; for this reason, they are commonly used in architectural, engineering, and
industrial designs.

Figure 5-16 Three-point perspective projection.

Three-Point Perspective Projections

A three-point perspective projection has three vanishing points. In this case, the view plane is not

parallel to any of the major axes. To position the view plane, each component of the view plane’s
normal is set to a non-zero value so that the view plane intersects three major axes. Vanishing
points are often used by artists for highlighting features or increasing dramatic effects. Figure 5-16
shows a three-point perspective projection of a cube.
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Perspective Projection Matrix

Constructing a general perspective projection matrix is quite complicated. Here, we only discuss a
simple case of perspective projection. This simple perspective view projects onto the X-Y plane
when the center of projection lies on the Z axis. Figure 5-17 shows a point P = (x, y, z) being
projected onto the point P1 = (x1, y1, z1) in the X-Y plane. The center of projection is located at
(0, 0, d), where d is the distance along the Z axis. On the right of Figure 5-17 is a side view of the
projection showing the Y and Z axes. The point A is the center of projection, and the point B is
the point on the Z axis with the same Z coordinates as the point P.

¥
F 3
' P1
B 2
oy ~ g a
(K.F.ZJ———*Jd Xoxl A B
“ Center of
prajection

’

F
Figure 5-17 Perspective projection of a point P = (x, y, z).

From this figure, we note that AO = d, OP1 = yl, BP =y, and AB = d- z. Solving for y1, we get
yl = d*y/(d- z). This gives to the Y coordinate of the projected point P1. By examining a similar
top view that shows the X and Z axes, we can find that x1 = d*x/(d- z). For the projected point on
the X-Y plane, z1 should equal 0. From this information, we can construct a transformation matrix
for this perspective projection:

x1 1 0 0 0\ x by
1 0 1 0 0
= Y=l Y (5.14)
z1 0 0 0 z 0
wl 0 0 —-1/d 1)1 1-z/d

Remember that the w-component of a point in the homogeneous coordinates represents a scaling
factor. Normalizing the projected point P1 by w1, we have
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x1/wl x/(1-z/d)
yiwl| | y/(A-z/d)

z1/wl 0
1 1

This agrees with the information deduced from Figure 5-17.

Perspective Projection in C#

Using the transformation matrix for perspective projections created in the previous section, you
can write a C# application project to test perspective transformations. Start with a new C#
Windows Application project and name it Example5 4. Add the Matri x3, Poi nt 3, and
Dr awHouse classes from the previous project, Example5 3, to this project and change their
namespace to Example5 4.

Usually, when you apply a perspective transformation to a point, you destroy its Z component
information. In this case, you cannot compare the point’s Z coordinate to see if it lies behind or in
front of the center of projection. In order to preserve the Z coordinate information, you need to
modify the perspective transformation matrix from Equation (5.14) to the following:

10 0 0
01 0 0

(5.15)
00 1 0
00 -1/d 1

Here, we change the third row from (0, 0, 0, 0) to (0, 0, 1, 0) so that the Z component is not lost.
Using (5.15), we add the perspective matrix to the Mat r i x3 class:

/|1 Perspective projection natrix:
public static Matrix3 Perspective(float d)

{
Matrix3 result = new Matrix3();
result.M3, 2] =-1/ d;
return resul t;

}

When you multiply a point with this modified perspective matrix, you need to normalize the X, Y,
and Z components by the W component. This step would mess up the Z coordinate information.
To preserve the Z-component information, we normalize only the X and Y components of the
point. So, add a new method Tr ansf or nlNor el i ze to the Point3 class:

public void Transformornalize(Mtrix3 nj
{
float[] result = mVectorMiltiply(newfloat[4] { X Y, Z W});
X =result[0] / result[3];
Y =result[1] / result[3];
Z =result[2];
W= 1;
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This method is specifically applied to perspective projections. Here the X and Y components of a
point after a perspective projection are normalized by its W component; while the Z component is
unchanged.

Add a public method Dr awPer spect i veVi ewto the Dr awHouse class:

public void DrawPerspectiveVi ew( @ aphics g, float d)

{
Point 3[] pts = HouseCoordi nates();

/1l Translate the center of the house to the origin:

Matrix3 m= Matrix3. Transl ate3(-pts[1].X / 2,
-pts[1].X/ 2, pts[1].X [ 2);

for (int i =0; i < pts.Length; i++)

pts[i]. Transforn(n;
}

/1 Perform perspective transformation:
m = Matrix3. Perspective(d);

for (int i =0; i < pts.Length; i++)
{

pts[i]. TransforniNornal i ze(m);
}
Point F[] pta = new Poi nt F[ 5] ;
pta[0] = Point2D(new Poi nt F(pts[5].X, pts[5].Y));
pta[ 1] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[2] = Point2D(new Point F(pts[7].X, pts[7].Y));
pta[ 3] = Point2D(new Poi nt F(pts[8].X, pts[8].Y));
pta[4] = Point2D(new Poi nt F(pts[9].X, pts[9].VY));
g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
pta = new Poi nt F[ 4] ;
pta[0] = Point2D(new Poi nt F(pts[0]. X, pts[0].Y));
pta[1] = Point2D(new PointF(pts[4].X pts[4].Y));
pta[2] = Point2D(new Poi nt F(pts[5].X, pts[5].Y));
pta[3] = Point2D(new Point F(pts[9].X pts[9].VY));
g. Fi || Pol ygon( Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
pta = new Point F[ 4];
pta[0] = Point2D(new Point F(pts[0].X pts[0].Y));
pta[1] = Point2D(new PointF(pts[1].X pts[1].Y));
pta[2] = Point2D(new Point F(pts[8].X, pts[8].Y));
pta[3] = Point2D(new Point F(pts[9].X pts[9].VY));
g. Fi || Pol ygon( Brushes. Li ght G ay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);
pta = new Poi nt F[ 4] ;
pta[0] = Point2D(new Poi nt F(pts[1].X, pts[1].Y));
pta[1] = Point2D(new Point F(pts[2].X, pts[2].Y));
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pta[2] = Point2D(new Point F(pts[7].X, pts[7].Y));
pta[ 3] = Point2D(new Poi nt F(pts[8].X, pts[8].Y));
g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Point F(pts[2].X, pts[2].Y));
pta[ 1] = Point2D(new Point F(pts[3].X, pts[3].Y));
pta[2] = Point2D(new Poi nt F(pts[6].X, pts[6].Y));
pta[3] = Point2D(new PointF(pts[7].X pts[7].Y));
g. Fi I'| Pol ygon(Brushes. Li ght Gay, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 4] ;

pta[0] = Point2D(new Point F(pts[3].X pts[3].VY));
pta[1] = Point2D(new PointF(pts[4].X pts[4].Y));
pta[2] = Point2D(new Point F(pts[5].X pts[5].Y));
pta[ 3] = Point2D(new Point F(pts[6].X pts[6].Y));

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

pta = new Poi nt F[ 5] ;

pta[0] = Point2D(new Poi nt F(pts[0]. X, pts[0].Y));
pta[ 1] = Point2D(new Point F(pts[1].X, pts[1].Y));
pta[2] = Point2D(new Point F(pts[2].X, pts[2].Y));
pta[3] = Point2D(new Point F(pts[3].X, pts[3].VY));
pta[4] = Point2D(new Poi nt F(pts[4]. X, pts[4].Y));

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta)

g. DrawPol ygon(Pens. Bl ack, pta);
}

In this method, we first translate the center of the house project to the origin of the world
coordinate system to get a better perspective view. Then, we make a perspective transformation by
calling the Poi nt 3. TransformNor mal i ze method using the modified perspective
transformation matrix.

You can use the following For il class to test the application:

usi ng System
usi ng System Dr awi ng;
usi ng Syst em W ndows. For ns;

nanespace Exanpl e5 4
public partial class Fornl : Form

public Forni()

{
InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
t his. BackCol or = Col or. Wi te;

/!l Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Paint +=
new Pai nt Event Handl er ( panel 1Pai nt);
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}
private voi d panel 1Pai nt (obj ect sender, PaintEvent Args e)
{

Q aphi cs g = e. G aphi cs;

float a = panel 1. Hei ght / 4;

Dr awHouse dh = new DrawHouse(this, a);

float d = Convert. ToS ngl e(t bDi stance. Text);

dh. DrawPer spectiveView(g, d * a);
}
private void btnApply_Qdick(object sender, EventArgs e)
{

panel 1. I nval i date();
}

}

This produces the result shown in Figure 5-18. Here, you can specify the distance d (in units of a,
the side length of the house object) between the center of projection and the view plane. In Figure
5-18, the perspective view of the house is obtained by setting d = 3a. Ifthis distance d is set to
a very large value, such as d = 500a, you should expect the perspective view to become a side
view because the projectors become almost parallel. This is confirmed in Figure 5-19.

Form1 E| E| E|

Distance

Figure 5-18 Perspective view of a house object.
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Formi B@@

Digtance

Figure 5-19 Perspective view of the house object at a very large distance
(d = 500a) between the center of projection and the view plane.

Special Coordinate Systems in 3D

Normally, the Cartesian coordinate system is used in transformations and projections. In this case,
you simply specify a point using X, Y, and Z coordinates. In practice, other coordinate systems
can also be applied, and are sometimes more convenient than the Cartesian coordinate system. In
this section, we will discuss some special coordinate systems in 3D space, including the
cylindrical, spherical, and Euler angles coordinate systems, as well as the azimuth and elevation
view.

Cylindrical Coordinates

In the cylindrical coordinate system, a point is specified by three parameters, r, 6, and y, which are
a bit different from the conventional definition of the system using r, 0, and z. The notation we use
here is only for convenience because the computer screen can always be described using the X-Y
plane. r is the distance of a projected point on the X-Z plane from the origin, and 0 is the
azimuthal angle. Figure 5-20 shows a point in the cylindrical coordinate system. From this figure
we have:

x=rcosf

z=-rsin@

y=y
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(r.8, y)

i
Figure 5-20 Cylindrical coordinate system.

You can also find reverse relations:

r=x x? +z?

6 =tan"'(-z/x)

y=y
Using the cylindrical coordinate system, you can easily create cylindrical objects. The following
example C# project creates a cylinder object using parallel isometric projection. Start with a new
C# project, Example5 5. Add the Matri x3 and Poi nt 3 classes from the previous project

Example5 4 to this project, and change their namespace to Example5 5. Add a new, class
Dr awCyl i nder, to the project. Add the following method to the Mat r i x3 class:

public Point3 Cylindrical (float r, float theta, float y)

{
Poi nt 3 pt = new Poi nt 3();
float sn = (float)Math. Sin(theta * Math.Pl / 180);
float cn = (float)Math. Cos(theta * Math.Pl / 180);
pt.X=r * cn;
pt.Y =vy;
pt.Z =-r * sn;
pt.W= 1,
return pt;
}

This method transforms a point in the cylindrical coordinate system to a point in the Cartesian
coordinates system.

The following is the code listing of the Dr awCy| i nder class:

usi ng System
usi ng System Drawi ng;

nanespace Exanpl e5_5
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public class DrawCyli nder

{
private Fornl forni;

private float r = 10;
private float h = 10;

public DrawCylinder (Fornil fmil)

{
fornml = fni;
}
public DrawCylinder(Forml fnl, float r1, float hl)
{
forml = fni;
r=rl;
h = hi;
}
public Point3[] G rcleCoordinates(float y)
{
Point 3[] pts = new Poi nt 3[ 30] ;
Matri x3 m= new Matri x3();
for (int i =0; i < pts.Length; i++)
pts[i] = mClindrical (r, i*360/(pts.Length-1), y);
return pts;
}

public void Draw soretricVi ew( G aphi cs @)

{
Point 3[] ptsBottom= G rcleCoordinates(-h / 2);
Poi nt F[] ptaBottom = new Poi nt F[ pt sBot t om Lengt h] ;
Point3[] ptsTop = G rcleCoordi nates(h / 2);
Poi nt F[] ptaTop = new Poi nt F[ pt sTop. Lengt h] ;
Matrix3 m= Matrix3. Axonorretri c(35. 26f, -45);

for (int i =0; i < ptsBottomLength; i++)
{
ptsBottonji]. Transforn(nj;
ptaBottonji] = Point2D(new Poi nt F(ptsBottonji]. X
ptsBottonfi].Y));
ptsTop[i]. Transforn(n;
ptaTop[i] = Poi nt 2D(new Poi nt F(pt sTop[i]. X
ptsTop[i].V));

}
Point F[] ptf = new Point F[ 4];
for (int i =1; i < ptsTop.Length; i++)

ptf[0] = ptaBottonmi - 1];
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}

ptf[1] = ptaTop[i - 1];

ptf[2] = ptaTop[i];

ptf[3] = ptaBottonfi];

if (i <5|] i > ptsTop.Length - 12)

g. Fi | | Pol ygon(Brushes. Wi te, ptf);
g. DrawPol ygon( Pens. Bl ack, ptf);

}

g. Fi I'| Pol ygon(Brushes. Wi te, ptaTop);
g. DrawPol ygon( Pens. Bl ack, ptaTop);

private Poi nt F Poi nt 2D( Poi nt F pt)

{

}

Poi nt F aPoi nt = new Poi nt F();

aPoint. X = forml. panel 1. Wdth / 2 + pt. X
aPoint.Y = fornl. panel 1. Height / 2 - pt.Y;
return aPoint;

In this class, we first create a circle by specifying its points in the cylindrical coordinates, and then
convert these points to Cartesian coordinates by calling the Mat ri x3. Cyl i ndri cal method.
Finally, we draw the cylinder object using isometric projection. This project can be tested using
the following For mi class:

usi ng System
usi ng System Dr aw ng;
usi ng Syst em W ndows. For ns;

namespace Exanpl e5 5

{

public partial class Fornl : Form

public Formi()
{

}

InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
thi s. BackCol or = Col or. Wi te;

/1l Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Paint +=
new Pai nt Event Handl er (panel 1Pai nt) ;

private void panel 1Pai nt (obj ect sender, Paint Event Args e)

{

Q aphi cs g = e. G aphi cs;

float a = panel 1. Height / 4;

DrawCyl i nder dc = new DrawCyl i nder(this, a, 2 * a);
dc. Drawl sonet ri cVi ew(g);
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}

Here we draw the cylinder by calling the Draw sonetri cVi ew method from the
Dr awCyl i nder class with input parameters of radius and height for the cylinder. This
application produces the output of Figure 5-21.

Figure 5-21 A cylinder object created using cylindrical coordinates.

Spherical Coordinates

In the spherical coordinate system, a point is specified by r, 0, and ¢. Here r is the distance from
the point to the origin, 6 is the polar angle, and ¢ is the azimuthal angle in the X-Z plane from the
X axis. In this notation, we also alternate the conventional Y and Z axes so that the computer
screen is described by the X-Y plane. Figure 5-22 shows a point in this spherical coordinate
system.

4
=

z

Figure 5-22 Spherical coordinate system.



Chapter 5 3D Matrix and Transformations 265

From this figure, we can obtain the following relationships:

x =rsinfcos @
y=rcosf

z =-rsinfsin @
The spherical coordinates (r, 0, @) are related to the Cartesian coordinates by:
6= COS_I()//VXZ +y? +22)
¢ =tan"'(-z/x)

Sometimes it is more convenient to create sphere-like objects in terms of the spherical coordinate
system. The following example application program will create two spheres. Start with a new C#
Windows Application project, Example5 6. Add the Mat ri x3 and Poi nt 3 classes of the
previous project to the current one, and change their namespace to Example5 6. Add a new class,
Dr awSpher e, to the project.

Now we need to add a Spher i cal method to the Mat ri x3 class:
public Point3 Spherical (float r, float theta, float phi)

{
Point3 pt = new Point 3();
float snt = (float)Math.Sin(theta * Math.Pl / 180);
float cnt = (float)Math. Cos(theta * Math.Pl / 180);
float snp = (float)Math.Sin(phi * Math.Pl / 180);
float cnp = (float)Mth. Cos(phi * Math.Pl / 180);
pt.X=r * snt * cnp;
pt.Y =r * cnt;
pt.Z =-r * snt * snp;
pt.W= 1,
return pt;

}

This method transforms a point in the spherical coordinate system to a point in the Cartesian
coordinates system.

The following is the code listing of the Dr awSpher e class:

usi ng System
usi ng System Drawi ng;

nanespace Exanpl e5_6

public class DrawSphere
{
private Fornl forni;
private float r = 10;
private float xc = 0;
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0;
0;

private float yc
private float zc

publ i ¢ DrawSphere(Fornil fni)

fornml = fni;
}

public DrawSphere(Fornl fmi, float r1, float xcl,
float ycl, float zcl)

{
fornl = fni;
r=rl;
XC = Xcl;
yc = ycl;
zc = zcl;
}
public Point3[,] SphereCoordinates()
{
Point3[,] pts = new Point3[ 30, 20];
Matrix3 m= new Matrix3();
Matrix3 m = Matrix3. Transl at e3(xc, yc, zc);
for (int i =0; i < pts.GetLength(0); i++)
for (int j =0; j < pts.GetlLength(l); j++)
{
pts[i, j] = m Spherical(r,
i * 180 / (pts.GetLength(0) - 1),
j * 360/ (pts.GetLength(l) - 1));
pts[i, j].Transform(m);
}
return pts;
}
public void Draw sonetri cVi ew( G aphi cs @)
{

Matrix3 m= Matrix3. Axononetric(35.26f, -45);

Point3[,] pts = SphereCoordinates();

PointF[,] pta = new Poi nt F[ pts. Get Lengt h(0),
pts. GetLength(1)];

for (int i =0; i < pts.GetLength(0); i++)

{
for (int j =0; j < pts.GetLength(l); j++)
{

pts[i, j].Transforn(n;
pta[i, j] = Point2D(new Poi nt F(pts[i, j].X

ptsfi, j1.Y));
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new Poi nt F[ 4] ;

PointF[] ptf =
=1; i <pts.GetlLength(0); i++)

for (int i

{

for (int j

{
ptf[0]
ptf[1]

1; j < pts.Getlength(1); j++)

ptafi - 1, j - 1];

ptafi, j - 1];

ptf[2] = pta[i, j];

ptf[3] =ptali - 1, j];

g. Fi || Pol ygon(Brushes. Wi te, ptf);
g. DrawPol ygon( Pens. Bl ack, ptf);

}

private PointF Poi nt 2D( Poi nt F pt)

{
Poi nt F aPoi nt = new Poi nt F();

aPoint. X = fornl. panel 1. Wdth / 2 + pt. X
aPoint.Y = forml. panel 1. Height / 2 - pt.Y;
return aPoint;

}

In this class, you can specify the radius and positions (the center location) of a sphere. The
Spher eCoor di nat es method creates the points on a sphere surface by specifying their
longitude and latitude. The Drawl sometri cVi ew draws the sphere using the isometric
projection.

This application can be tested using the following For mil class:

usi ng System

usi ng System Dr aw ng;

usi ng System Drawi ng. Dr ani ng2D;
usi ng System W ndows. For ns;

nanespace Exanpl e5_6

{

public partial class Fornl : Form

{
public Formi()
{

InitializeConponent();
this. Set Styl e(Control Styl es. Resi zeRedraw, true);

/1l Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Paint +=
new Pai nt Event Handl er ( panel 1Pai nt);

}

private voi d panel 1Pai nt (obj ect sender, PaintEventArgs e)
{

Q aphi cs g = e. G aphi cs;

g. Smoot hi ngMbde = Sroot hi nghbde. Anti Al i as;
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float a = panel 1. Height / 3;

Dr awSphere ds = new DrawSphere(this, a, 0, 0, -a/ 2);
ds. Drawl sonetri cVi ew(Qg);

ds = new DrawSphere(this, 2 * a/ 3, -a/2, -a/2, al 2);
ds. Drawl sonetri cVi ew(g);

}

Here we create two spheres with different radii and positions. By building and running this
project, you should obtain the results shown in Figure 5-23.

Figure 5-23 Spheres created in a spherical coordinate system.

Euler Angles

The Euler angles (a, B, y) are used to describe the rotations or orientations of orthogonal
coordinate systems. They relate two orthogonal coordinate systems that have the same origin. The
transition from one system to another is achieved by a series of 2D rotations. The rotation is
performed about the coordinate axes generated by the previous rotation. The convention used here
is that o is the rotation about the Y axis of the initial coordinate system. A rotation 3 is performed
about the X’ axis of this newly generated coordinate system, followed by a rotation by y about the
new Y1 axis, as shown in Figure 5-24.

The transformation matrix of the Euler angles can be constructed by three 2D rotation matrices.
The first rotation involves the Euler angle a. The rotation matrix to describe this 2D rotation
operation is given by

cosa 0 sina 0

R.(a) = 1 0 0
Y -sina 0 cosa O
0 0 o0 1

The second rotation involves the Euler angle . The system is rotated by § about the X axis of the
new coordinate system. The rotation matrix to describe this operation is given by
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Figure 5-24 Euler angle system.

1 0 0 0

R(B) = 0 cosff sinf 0
* 0 —-sinf8 cosf8 O
0 0 0 1

The last rotation involves the Euler angle y. The system is rotated about the Y1 axis through an
angle y to generate the final coordinate system (x1, y1, z1). The rotation matrix to describe this
operation is given by

cosy 0 siny 0

R.() = 1 0 0
7 -siny 0 cosy O
0 0 0 1

The total effect of these three 2D rotations is given by the transformation matrix:

R,(V)R.(B)R,(a) =
cosacosy—sinasinBsiny —sinfsiny sinacosy—cosacosfBsiny 0
—sinasin cos B cosasin 8 0
—cosasiny—sinacosBcosy —sinfcosy cosacosfcosy—sinasinf 0
0 0 0 1
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You can use this transformation matrix to rotate a point about any axis by specifying three Euler
angles. In real-world applications, you can add a static method to the Mat ri x3 class:

public static Matrix3 Euler(float al pha, float beta, float gamma)

{
Matrix3 result = new Matrix3();

al pha = alpha * (float)Math. Pl / 180.0f;
float sna = (float)Mth. Sin(al pha);
float cna = (float) Math. Cos(al pha);
beta = beta * (float)Math. Pl / 180. Of;
float snb = (float)Math. Sin(beta);

float cnb = (float) Math. Cos(beta);
gamma = gamma * (float)Math. Pl / 180. Of;
float sng = (float)Math. Sin(gamma) ;
float cng = (fl oat) Mat h. Cos(ganmma) ;

result.M0, 0] cha * cng - sna * snb * sng;

result.MO0, 1] = -snb * sng;

result.M0, 2] =snha * cng - cna * cnb * sng;
result.M1, 0] = -sna * snb;

result.M1, 1] = cnb;

result.M1, 2] =cna * snb;

result.M2, 0] =-cna * sng - sna * cnb * cng;
result.M2, 1] = -snb * cng;

result.M2, 2]
return result;

cna * cnb * cng - sna * snb;

}

Then you can use this as a standard matrix transformation in your applications.

Azimuth and Elevation View

The azimuth and elevation view is often used in controlling the orientation of 3D charts and
graphics objects displayed in the coordinate axes. Specifying the viewpoint in terms of azimuth
and elevation is conceptually simple. The 3D charts that will be represented in the following
chapter will use this azimuth and elevation view to display various 3D plots on a 2D computer
screen. There are some limitations in this view setting, however. Azimuth and elevation view does
not allow you to specify the actual position of the viewpoint, just its direction, and the Z axis is
always pointing up. It does not allow you to zoom in and out on the scene or perform arbitrary
rotations and translations. Even with these limitations, this view setting is good enough for most
3D chart and graphics applications.

In this view setting, the conventional Cartesian coordinate system is used. The azimuth angle is a
polar angle in the X-Y plane, with positive angles indicating a counterclockwise rotation of the
viewpoint. Elevation is the angle above (positive angle) or below (negative angle) the X-Y plane,
as shown in Figure 5-25.

The transformation matrix of this view system can be constructed by considering two successive
2D rotations. First we rotate the original coordinate system by an angle —¢ about the Z axis, then
rotate the newly generated coordinate system by 0 — 7/2 about the X axis. Using Equations (5.5)
and (5.7), we can obtain the combined effect of these two 2D rotations:
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¥ ﬁ;;, Ohserver

L J
=

Figure 5-25 Azimuth and elevation view system.

cos¢ sin @ 0
—sin@sing sinBcos¢ cosl
cosf@sing —cosfcosg siné
0 0 0

R.(6-11/2)R.(~p) = (5.16)

— o o O

You can test how a cube object is rotated by elevation and azimuth angles in an example C#
project. To this end, we start with a new C# project, Example5 7. Add the Mat ri x3 and
Poi nt 3 classes from the previous project Example5 6, and change their namespace to

Example5 7. Add a new class, Dr awCube, to the project.
Implement a public static method, Azi mut hEl evat i on, and add it to the Mat r i x3 class:

public static Matrix3 Azi mut hH evation(fl oat el evation,
float azimuth, float oneCrverd)

{

new Matrix3();

new Matrix3();

Matri x3 resul t
Matri x3 rotate

/1 make sure elevation in the range of [-90, 90]:
if (elevation > 90)

el evation = 90;
else if (elevation < -90)

el evation = -90;

/1 Make sure azinmuth in the range of [-180, 180]:
if (azinmuth > 180)
azinuth = 180;
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else if (azimuth < -180)
azi muth = -180;

el evation = elevation * (float)Math. Pl / 180. Of;
float sne = (float)Mth. Sin(el evation);

float cne = (float)Math. Cos(el evation);

azimuth = azimuth * (float)Math. Pl / 180. Of;
float sna = (float)Mth. Sin(azi muth);

float cna = (float) Math. Cos(azi muth);

rotate. M0, 0] = cna;
rotate. MO, 1] = sna;
rotate. MO, 2] = 0;
rotate. M1, O] = -sne * sna;
rotate. M1, 1] = sne * cna;
rotate. M1, 2] = cne;
rotate. M2, 0] = cne * sna;
rotate. M2, 1] = -cne * cna;
rotate. M2, 2] = sne;

if (oneQverd <= 0)
result = rotate;
else if (oneQverd > 0)

Matri x3 perspective = Matrix3. Perspective(1/ oneQrerd);
result = perspective * rotate;

}

return result;

}

This method takes elevation and azimuth angles, as well as focal length, as input parameters. Here
the input parameter oneOver d is defined as oneOverd = 1/d, where d is the distance
between the center of projection and the origin. This means that we get a perspective projection
when oneOverd > 0O and a parallel projection when oneOverd = 0 (corresponding to d =
infinity). You can see from the above code snippet that when oneOverd > 0, the
transformation is performed by a rotation, followed by a perspective projection. In this case, you
can examine how the cube object is displayed on your computer screen under perspective
projections from different view angles.

The following is the code listing of the Dr awCube class:

usi ng System
usi ng System Dr awi ng;
usi ng System W ndows. For ns;

nanespace Exanpl e5_7

public class DrawQube

{
private Fornil forni;
private float side = 10;
private float el evation = 30;
private float azinuth = -37.5f;
private float oneQverd = O;
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publ i c DrawCube( Fornl fni)

{
fornl = fni;
}
public DrawCube(Fornil fml, float sidel)
{
forml = fni;
si de = sidel;
}

public DrawQube(Fornmil fmi, float sidel, float elevationil,
float azinuthl, float oneOverdl)

{
fornml = fni;
side = sidel;
el evation = el evationl;
azinmuth = azi mut hl;
oneQverd = oneOrverdl;

}

public Point3[] QubeCoordi nates()

{
Poi nt3[] pts = new Poi nt 3[ 11] ;
/1 Oreate the cube:
pts[0] = new Point3(side, -side, -side, 1);
pts[1] = new Point3(side, side, -side, 1);
pts[2] = new Point3(-side, side, -side, 1);
pts[3] = new Point3(-side, -side, -side, 1);
pts[4] = new Point 3(-side, -side, side, 1);
pts[5] = new Point3(side, -side, side, 1);
pts[6] = new Poi nt 3(side, side, side, 1);
pts[7] = new Point 3(-side, side, side, 1);
/1 Oreate coordinate axes:
pts[8] = new Poi nt 3(2*side, -side, -side, 1);
pts[9] = new Point 3(-side, 2*side, -side, 1);
pts[10] = new Poi nt3(-side, -side, 2*side, 1);
return pts;

}

public void AddQube( G aphics @)

{

Matrix3 m= Matrix3. Azi nut hEl evati on(el evati on,
azi muth, oneQverd);

Point 3[] pts = QubeCoordi nates();

Point F[] pta = new Poi nt F[ 4] ;

for (int i =0; i < pts.Length; i++)
{

}

pts[i]. TransforniNormal i ze(nj;
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int[]
i0=
i1=

i0,

i1

newint[4] { 1, 2

newint[4] { 2, 3,
0)

if (elevation >=

if (azimuth >= -180

{
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{
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{

}
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pta[0] = Point2D(new Point F(pts[iO[0]].X pts[iO[0]].Y));
pta[1] = Point2D(new Point F(pts[iO[1]].X pts[iO[1]].VY));
pta[2] = Point2D(new Point F(pts[iO[2]].X pts[iO[2]].Y));
pta[3] = Point2D(new Point F(pts[iO[3]].X pts[iO[3]].V));
g. Fi I | Pol ygon(Brushes. Li ght Coral, pta);

g. DrawPol ygon( Pens. Bl ack, pta);

pta[0] = Point2D(new Point F(pts[i1[0]].X pts[il[0]].VY));
pta[1] = Point2D(new Point F(pts[i1l[1]].X pts[il[1]].VY));
pta[2] = Point2D(new Point F(pts[i1[2]].X pts[il[2]].VY));
pta[3] = Point2D(new Point F(pts[i1[3]].X pts[il[3]].VY)):

g. Fi || Pol ygon( Brushes. Li ght G een, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

pta[0] = Point2D(new Point F(pts[4].X pts[4].Y));
pta[ 1] = Point2D(new Poi nt F(pts[5]. X, pts[5].Y));
pta[2] = Point2D(new Point F(pts[6].X pts[6].Y));
pta[3] = Point2D(new PointF(pts[7].X pts[7].Y));

g. Fi I | Pol ygon(Brushes. Li ght Gay, pta);
g. DrawPol ygon( Pens. Bl ack, pta);

/1 Create coordi nate axes:

pta = new Poi nt F[ 2] ;

pta[0] = Point2D(new Point F(pts[3].X, pts[3].VY));
pta[ 1] = Point2D(new Poi nt F(pts[8].X, pts[8].Y));
g. DrawLi ne(Pens. Red, pta[0], pta[l]);

pta[ 1] = Point2D(new Poi nt F(pts[9]. X, pts[9].Y));
g. DrawLi ne(Pens. G een, pta[0], pta[l]);

pta[ 1] = Point2D(new Poi nt F(pts[10]. X, pts[10].VY));
g. DrawLi ne(Pens. Bl ue, pta[0], pta[l]);

}

private PointF Poi nt 2D( Poi nt F pt)

{
Poi nt F aPoi nt = new Poi nt F();
aPoint. X = fornl. panel 1. Wdth / 2 + pt. X
aPoint.Y = fornl. panel 1. Height / 2 - pt.Y;
return aPoint;

}

}

In this class, we draw a cube object and the coordinate axes with the origin located at one corner
of the cube. Within the Dr awCube method, we carefully select three faces of the cube to be
drawn on the screen according to changes of the elevation and azimuth angles.

Finally, you can use the following For mil class to test the project:

usi ng System

usi ng System Drawi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em W ndows. For ns;

namespace Exanpl e5 7

{
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public partial class Fornl : Form

{

}

Here, the oneOver d parameter is normalized by the side-length of the cube. The proper range of
this parameter is [0, 1]. oneOverd = 0 and 1 correspond to the center of projection at infinity
and the right on the face of the cube, respectively. Figure 5-26 shows the output of this project, in
which the view of the cube corresponds to an orthogonal projection with the elevation angle = 30

public Formi()

{

}

InitializeConponent();
this. Set Styl e(Control Styl es. Resi zeRedraw, true);

/1l Subscribing to a paint eventhandl er to draw ngPanel :
panel 1. Paint +=
new Pai nt Event Handl er (panel 1Pai nt) ;

private void panel 1Pai nt (obj ect sender, PaintEvent Args e)

{

}

Q@ aphi cs g = e. @ aphi cs;
g. Snoot hi ngMbde = Snoot hi nghbde. Anti Al i as;
float a = panel 1. Height / 6;
float el evation = Convert. ToS ngl e(tbE evati on. Text);
float azimuth = CGonvert. ToS ngl e(t bAzi mut h. Text);
float oneQverd = Convert. ToS ngl e(t bCheOverd. Text);
DrawQube ds = new DrawQube(this, a,

el evation, azinmuth, oneQverd / (2 * a));
ds. AddQube(g);

private void btnApply_Qdick(object sender, Event Args e)

{
}

panel 1. I nval i date();

and the azimuth angle = - 30 degrees.

You can rotate the cube by entering different elevation and azimuth angles. In particular, you can
see the change of the cube’s view under a perspective projection. Figure 5-27 shows a perspective
view of the cube with the elevation angle = 30 degrees, azimuth angle = 45 degrees, and 1/d = 0.5

(corresponding to d = 2 times the side length of the cube).
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Figure 5-26 Azimuth and elevation view of a cube object.
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Figure 5-27 A perspective view of a cube.






3D Charts

In the previous chapter, we covered the 3D matrices, transformations, and coordinate systems that
form the foundation for creating 3D graphics objects. In this chapter, we will use these matrix
representations and transformations to discuss fundamental 3D charts. We will starts with a
description of the coordinate system that is used in 3D charts. We will show you how to create 3D
coordinate axes, tick marks, axis labels, and grid lines. The 3D coordinate system used in 3D
charts is the most fundamental part in creating 3D chart applications, because it involves almost
all of the matrix operations and transformations used in creating 3D charts.

The chapter then shows you how to create various 3D chart applications that include 3D line
charts, 3D mesh and surface charts, contour charts, 3D bar charts, 4D slice charts, and 3D
combination charts. In creating these 3D charts, we will use a few specialized techniques to
manipulate the data displayed on your computer screen.

The example C# application programs in this chapter provide basic solutions for your 3D chart
applications. The example project Example6 I implements the basic framework used in 3D
charts, including the coordinate system, labels, and gridlines. Example6 2 shows you how easy it
is to create a 3D line chart based on Example6 I. Finally, the project Example6 3 is a complete
package of 3D charts that contains 3D line, mesh, surface, contour, 3D bar charts, and others.
Based on these example projects, with or without modifications, you can easily create your own
professional and sophisticated 3D charts in your C# applications.

279
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3D Chart Basics

The coordinate system we are going to use in our 3D chart applications is an orthogonal
coordinate system, which is the standard approach for 3D charting. This means we do not use
perspective projection transformations in 3D chart applications. The elevation and azimuth
transformation will be used to manipulate the view of our 3D charts on a 2D computer screen. We
begin by discussing the basic Poi nt 3, Matrix3, and Chart Styl e classes used in 3D
charts.

Point3 and Matrix3 Classes

In the previous chapter, we always used the Poi nt 3 class to discuss transformations on a 3D
point. This class is very general and can be used in any 3D graphics application. Here we want to
modify this class by incorporating some specific features of 3D charts. The following is the code
listing of this modified class:

public class Point3

{
public float X
public float Y;
public float Z
public float W= 1f;

publ i c Point 3()

{
}
public Point3(float x, float y, float z, float w
{
X = X;
Y=Yy,
Z = z;
W= w
}
public void Transforn{Mtrix3 nm
{
float[] result = mVectorMiltiply(newfloat[4] { X Y, Z W});
X =result[0O];
Y =result[1];
Z =result[2];
W= result[3];
}
public void Transforn{Matrix3 m Fornl forndl, ChartStyle cs)
{

/1 Nornalize the point:

float x1 = (X - cs.XMn) / (cs. XMax-cs. XMn) - 0.5f;
float yl = (Y - ¢cs.YMn) / (cs.YMax - ¢s.YMn) - 0.5f;
float z1 = (Z - cs.ZMn) / (cs.ZMax - c¢s.ZMn) - 0.5f;

/1 Performtransformation on the point using matrix m
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float[] result = mVectorMiltiply(newfloat[4] { x1, y1, z1, W});

X =result[0];
Y =result[1];
/1 Coordinate transformation fromWrld to Device system
float xShift = 1.05f;
float xScale = 1;
float yShift = 1.05f;
float yScale = 0.9f;
if (cs.Title =="“No Title")
ysShift = 0. 95f;
yScal e = 1f;

}
if (cs.1sColorBar)

xShi f t
xScal e

0. 95f;
0. 9f;

xShift + xScale * X) * fornl. P otPanel . Wdth / 2;

}
X =(
Y = (yShift - yScale * Y) * forndl. Pl ot Panel . Hei ght / 2;

}

To this class, we add an overloaded Tr ansf or mmethod:
public void Transfornm{Matrix3 m Fornl forml, ChartStyle cs)

It takes three input parameters: the transformation matrix, the For mil class used to display the
chart, and the object of the Chart St yl e class. In this method, we first normalize the X, Y, and
Z data ranges into a unit cube, so that the transformations that are performed on the point within
this unit cube are independent from the real data ranges. Then we transform the normalized point
using the transformation matrix m Finally, we carry out the coordinate transformation on the point
from the world to device coordinate system that was originally accomplished in the
Chart St yl e class in the previous chapters. It can be seen that this overloaded method performs
all of the necessary transformations on a point to be displayed on a 2D screen, which will greatly
simplify the programming procedure for 3D chart applications.

You might notice that in this overloaded method, only the X and Y components of the point
undertake the transformations, while the Z and W components retain their original values. This
can be seen from the code snippet:

/1 Performtransfornation on the point using natrix m

float[] result = mVectorMiltiply(newfloat[4] { x1, y1, z1, W});
X =result[0];

Y =result[1];

Here, the float array r esul t stores the coordinate information after the transformation, and the X
and Y coordinates take the corresponding transformed coordinate components from the r esul t
array. However, the Z and W components don’t take new values from the r esul t array, and
retain their original information. Otherwise, after orthogonal transformations, the Z component
could end up a combination of the original X, Y, and Z, which destroys the original Z coordinate
information, meaning that you cannot use the Z component to compare the points’ Z values. In 3D
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charts, we do need the original Z coordinate information, for instance, in performing color maps
for a 3D chart. Since we modify the points’ Tr ansf or mmethod, and the way transformations
are applied to the points, we preserve the original Z component information.

Correspondingly, we also add another overloaded method, Azi mut hEl evati on, to the
Mat ri x3 class:

public static Matrix3 AzinuthE evation(float elevation, float azinuth)

{
Matrix3 result = new Matrix3();

/1 nmeke sure elevation in the range of [-90, 90]:
if (elevation > 90)

el evati on = 90;
else if (elevation < -90)

el evation = -90;

/1 Make sure azinuth in the range of [-180, 180]:
if (azinmuth > 180)

azi muth = 180;
else if (azinmuth < -180)

azimuth = -180;

elevation = elevation * (float)Math.Pl / 180.0f;
float sne = (float)Math. Sin(el evation);

float cne = (float) Math. Cos(el evation);

azimuth = azimuth * (float)Math. Pl / 180. 0f;
float sna = (float)Mth. Sin(azi muth);

float cna = (float)Math. Cos(azi muth);

result.M0, 0] = cna;
result.MO0, 1] = sna;
result.M0, 2] =0;
result.M1, 0] =-sne * sna;
result.M1, 1] = sne * cna;
result.M1, 2] = cne;
result.M2, 0] =cne * sna;
result.M2, 1] = -cne * cna;
result.M2, 2] = sne;

return result;

}

This overloaded method is just a simplified version of the original method that was used in the
previous chapter. Here we remove the perspective projection from the method, and keep only the
orthogonal transformation that will be used in our 3D chart applications.

Chart Style in 3D
The Chart St yl e class in 3D charts is similar to that in 2D case. The following code snippet
shows its member fields and their corresponding public properties:

public class ChartStyle
{
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private Fornl forni;

private float xMax = 5f;
private float xMn = -5f;
private float yMax = 3f;
private float yMn = -3f;
private float zMax = 6f;
private float zMn = -6f;

private float xTick = 1f;

private float yTick = 1f;

private float zTick = 3f;

private Font tickFont = new Font("Arial Narrow', 8,
Font Styl e. Regul ar);

private Color tickCol or = Col or. Bl ack;

private string title ="M/ 3D Chart";

private Font titleFont = new Font("Arial Narrow', 14,
Font Styl e. Regul ar);

private Color titleCol or = Col or. Bl ack;

private string xLabel = "X Axis";
private string yLabel ="Y Axis";
private string zLabel = "Z Axis";

private Font |abel Font = new Font ("Arial Narrow', 10,
Font Styl e. Regul ar) ;

private Col or |abel Col or = ol or. Bl ack;

private float el evation = 30;

private float azimuth = -37.5f;

private bool isX&id = true;
private bool isY&id = true;
private bool isZGid = true;

LineStyle gridStyl e;
LineStyl e axi sStyl e;
private bool isColorBar = fal se;

public ChartStyl e(Fornl fnd)

{
fornml = fni;
gridStyle = new LineStyle();
axi sStyle = new Li neStyl e();
}
publ i c bool 1sCol orBar
{
get { return isColorBar; }
set { isColorBar = value; }
}
public LineStyle AxisStyle
{
get { return axisStyle; }
set { axisStyle = val ue; }
}
public LineStyle GidStyle
{

get { return gridStyle; }
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set { gridStyle = val ue; }

public Font Label Font

{
get { return | abel Font; }
set { |abel Font = val ue; }
}
public ol or Label Col or
{
get { return label Color; }
set { |abel Color = value; }
}
public Font Til eFont
{
get { return titleFont; }
set { titleFont = val ue; }
}
public Golor TitleCol or
{
get { return titleColor; }
set { titleColor = value; }
}
public Font Ti ckFont
{
get { return tickFont; }
set { tickFont = value; }
}
public ol or TickCol or
{
get { return tickQolor; }
set { tickGColor = value; }
}
public bool 1sX@id
{
get { return isx@id; }
set { isX@id =value; }
}
public bool IsYQid
{
get { returnisy@id; }
set { isYGid = value; }
}
public bool IszGid
{

get { returnisz@id; }
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set { isZGid = value; }

}
public string Title
{
get { return title; }
set { title = value; }
}
public string XLabel
{
get { return xLabel; }
set { xLabel = value; }
}
public string YLabel
{
get { return ylLabel; }
set { yLabel = value; }
}
public string ZLabel
{
get { return zlLabel; }
set { zlLabel = value; }
}
public float H evation
{
get { return elevation; }
set { elevation = val ue; }
}
public float Azinuth
{
get { return azimith; }
set { azinuth = value; }
}
public float Xvax
{
get { return xMax; }
set { xMax = value; }
}
public float XMn
{
get { return xMn; }
set { xMn = value; }
}
public float YMax
{

get { return yMax; }
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set { yMax = value; }

public float YMn

{
get { return yMn; }
set { yMn = value; }
}
public float ZMax
{
get { return zMax; }
set { zMax = value; }
}
public float ZMn
{
get { return zMn; }
set { zMn = value; }
}
public float XTick
{
get { return xTick; }
set { xTick = val ue; }
}
public float YTick
{
get { return yTick; }
set { yTick = val ue; }
}
public float ZTick
{
get { return zTick; }
set { zTick = val ue; }
}

}

You can specify and change the chart style for a 3D chart using the above properties. If you need
more features to control the appearance of a 3D chart, you can easily add your own member fields
and corresponding properties to this class.

The other basic classes in 3D charts include the Li neSt yl e (exactly the same as it is in the case
of 2D), Dat aSeri es, etc. which will be discussed in the following example projects. The
Dat aCol | ecti on class is not needed in 3D charts because most 3D charts plot only one set of
data.

Coordinate Axes

Creating 3D coordinate axes on a 2D screen is more involving than it is in the coordinates of 2D.
First we need to create the coordinates of the chart box, as shown in Figure 6-1. In 3D charts, all
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data should be plotted within the chart box defined by [xM n, xMax, yMn, yMax,
zM n, zMax] in the world coordinate system. The coordinate axes are defined by the bold lines
in Figure 6-1. The Z axis is the vertical bold line that can be independent of the elevation and
azimuth angles. On the other hand, the X and Y axes cannot be predefined. Which edge of the
chart box represents the X or Y axis depends on both the elevation and azimuth angles.

Chart Box
//

£ Axis

Aory ads
Figure 6-1 Chart box and coordinate axes.

In order to create such a coordinate system in C#, we first need to create the eight-point
coordinates of the chart box. Then we select four points from these eight points to define three
coordinate axes. The following code snippet is the method Coor di nat esOf Char t Box in the
Chart Styl e class:

private Point3[] Coordinat esCf Chart Box()
{
/] Oeate coordinate of the axes:
Poi nt3[] pta = new Point 3[ 8] ;
pta[0] = new Poi nt 3( XMax, YMn, ZMn, 1);

pta[1] = new Point3(XMn, YMn, ZMn, 1);
pta[2] = new Poi nt3(XMn, YMax, ZMn, 1);
pta[3] = new Poi nt3(XM n, YMax, ZMax, 1);
pta[4] = new Point3(XMn, YMn, ZMax, 1);
pta[5] = new Poi nt 3( XMax, YMn, ZMax, 1);
pta[ 6] = new Poi nt 3( XMVax, YMax, ZMax, 1);
pta[7] = new Poi nt 3( XMax, YMax, ZMn, 1);

Point3[] pts = new Poi nt3[4];
int[] npts = newint[4] { 0, 1, 2, 3};

if (elevation >= 0)

{
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if (azinmuth >= -180 & azi muth < -90)
npts = newint[4] { 1, 2, 7, 6 };
else if (azimuth >= -90 & azi muth < Q)
npts = newint[4] { 0, 1, 2, 3};

else if (azimuth >= 0 & azimuth < 90)
npts = newint[4] { 7, 0, 1, 4},
else if (azinmuth >= 90 &% azi muth <= 180)
npts = newint[4] { 2, 7, 0, 51},

else if (elevation < 0)

{
if (azinuth >= -180 & azi muth < -90)
npts = newint[4 {1, 0, 7, 6 };
else if (azimuth >= -90 & azi muth < 0)
npts = newint[4] { O, 7, 2, 3};
else if (azimuth >= 0 && azi muth < 90)
npts = newint[4] { 7, 2, 1, 4};
else if (azimith >= 90 &% azi nuth <= 180)
npts = newint[4] { 2, 1, 0, 5};
}
for (int i =0; i <4; i+
pts[i] = pta[npts[i]];
return pts;

}

In this method, we select a different four-point array according to the changes of the azimuth and
elevation angles using a try-and-error approach. Calling this method creates a point array of four
points that determines the X, Y, and Z axes for arbitrary elevation and azimuth angles. Now we
can create the coordinate axes using the following code:

private voi d AddAxes(Q aphi cs g)

{
Matrix3 m= Matrix3. Azi nut hEl evati on(E evation, Azimth);
Point 3[] pts = Coordi nat esCf Chart Box();
Pen aPen = new Pen( Axi sStyl e. Li neCol or, Axi sStyl e. Thi ckness);
aPen. DashStyl e = Axi sStyl e. Pattern;
for (int i =0; i < pts.Length; i++)

pts[i].Transforn{m forml, this);

g. DrawLi ne(aPen, pts[0].X pts[0].Y, pts[1].X pts[1].V);
g. DrawLi ne(aPen, pts[1].X pts[1].Y, pts[2].X pts[2].Y);
g. DrawLi ne(aPen, pts[2].X pts[2].Y, pts[3].X pts[3].V);
aPen. D spose();

}

In this method, we first get the coordinates of the three coordinate axes by calling the
Coor di nat esOf Char t Box method. Then we perform the transformation on these four points
by calling Tr ansf or mmethod using the elevation and azimuth matrix. As mentioned previously,
the Tr ansf or m method actually performs three transformations: normalization, elevation and
azimuth transformation (corresponding to the orthogonal projection), and coordinate
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transformation from the world to device system. Finally, we use the X and Y components of the
transformed points to draw the coordinate axes. Although the AddAxes method creates three
coordinate axes, we still do not know which axis is the X or Y axis yet. The program will tell you
automatically when you place labels on the coordinate axes.

The following AddTi cks method in the Chart Styl e class creates tick marks on the
coordinate axes:

private voi d AddTi cks( QG aphi cs @)

{
Matrix3 m= Matrix3. Azi nut hEl evati on(H evation, Azimth);
Point3[] pta = new Point3[2];
Point 3[] pts = Coordi nat esCf Chart Box();
Pen aPen = new Pen( Axi sStyl e. Li neCol or, Axi sStyle. Thi ckness);
aPen. DashStyl e = AxisStyl e. Pattern;

/] Add x ticks:
float offset = (YMax - YMn) / 30.0f;
float ticklength = offset;

for (float x = XMn; x <= XMax; x = x + XTick)

{
if (elevation >= 0)
{
if (azimuth >= -90 & azi muth < 90)
ticklength = -of fset;
else if (elevation < 0)
if ((azimuth >= -180 & azinuth < -90) ||
azinuth >= 90 && azi nuth <= 180)
ticklength = -(YMax - YMn) / 30;
}
pta[0] = new Point3(x, pts[1].Y + ticklength,
pts[1].Z pts[1].W;
pta[1l] = new Point3(x, pts[1].Y, pts[1].Z pts[1].W;
for (int i =0; i <pta Length; i++)
{
pta[i].Transforn{m fornl, this);
g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X pta[l].V);
}

/1 Add y ticks:
offset = (XMax - XMn) / 30. Of;
ticklength = of fset;
for (float y = YMn; y <= YMax; y =y + YTick)
{

pts = Coordi nat esCf Chart Box() ;

if (elevation >= 0)

{

if (azimuth >= -180 & azi muth < 0)
ticklength = -of fset;
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else if (elevation < 0)

{
if (azimuth >= 0 & azi muth < 180)
ticklength = -of fset;
}
pta[0] = new Point3(pts[1].X + ticklength, vy,

pts[1].Z, pts[1].W;
pta[1l] = new Point3(pts[1].X vy, pts[1].Z pts[1l].W;
for (int i =0; i < pta.Length; i++)
{
ptali].Transforn{m forml, this);

g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X pta[l].V);
}

/1l Add z ticks:

float xoffset = (Xvax - XMn) / 45.0f;

float yoffset = (YMax - YMn) / 20.0f;

float xticklength = xoffset;

float yticklength = yoffset;

for (float z = ZMn; z <= ZMax; z = z + ZTick)

if (elevation >= 0)
if (azimuth >= -180 & azimuth < -90)

0.

xtickl ength ;
yof f set;

ytickl ength

else if (azimuth >= -90 & azimuth < 0)

xof f set ;
0;

xti ckl ength
ytickl ength

else if (azinuth >= 0 && azi muth < 90)

xticklength = 0;
yticklength = -yof fset;
}
else if (azinuth >= 90 && azi nuth <= 180)
{
xticklength = -xof f set;
yticklength = 0;
}
else if (elevation <0)
{
if (azimuth >= -180 & azimuth < -90)
yticklength = 0;
xticklength = xof fset;

else if (azimuth >= -90 & azimuth < 0)

{
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ytickl ength

-yof f set ;
xtickl ength ;

0;

else if (azimuith >= 0 & azimuth < 90)

yticklength = 0;
xticklength = -xof fset;
elseif (azimuth >= 90 & azi muth <= 180)
{
yticklength = yoffset;
xticklength = 0;
}
}
pta[0] = new Point3(pts[2].X pts[2].Y, z, pts[2].W;
pta[1] = new Point3(pts[2].X + yticklength ,
pts[2].Y + xticklength, z, pts[2].W;
for (int i =0; i <pta. lLength; i++)

ptafi].Transforn{m fornl, this);
}
g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X pta[l].V);

}
aPen. D spose() ;
}

In this method, we define the length of the ticks in terms of the axis limit instead of a fixed length
in the device coordinate system. This can keep the ticks resized proportionally when the chart is
resized. Please note how we place the tick markers in the right positions on the coordinate axes
when the elevation and azimuth angles are changed.

Gridlines

As in 2D charts, gridlines in 3D charts can help you to get a better view of the data ranges. In the
case of 3D, we want to place gridlines on three faces that must be the behind your data curves or
surfaces. These three faces (or planes) must be properly selected according to the variation of the
elevation and azimuth angles. The following AddGri ds method in the Chart Styl e class
creates gridlines on the right faces:

private void AddQi ds(G aphics g)

{
Matrix3 m= Matrix3. Azi nut hEl evati on(H evation, Azimth);
Point3[] pta = new Point3[3];
Point 3[] pts = Coordi nat esC Chart Box();
Pen aPen = new Pen( Qi dStyl e. Li neCol or, QidStyle. Thi ckness);
aPen. DashStyle = QidStyle. Pattern;

/1 Draw x gridlines:
if (IsX@id)

for (float x = XMn; x <= XMax; X = X + XTi ck)
{
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pts = Coordi nat esCf Char t Box() ;
pta[0] = new Point3(x, pts[1].Y, pts[1l].Z pts[1].W;
if (elevation >= 0)

{
if ((azinuth >= -180 && azinmuth < -90) ||
(azinmuth >= 0 & azimuth < 90))
pta[1] = new Point3(x, pts[0].Y,
pts[1].Z, pts[1].W;
pta[2] = new Point3(x, pts[0].Y,
pts[3].Z, pts[1l].W;
}
el se
pta[1] = new Point3(x, pts[2].Y,
pts[1].Z pts[1].W;
pta[2] = new Point3(x, pts[2].Y,
pts[3].Z pts[1l].W;
}
else if (elevation < 0)
{
if ((azimuth >= -180 &% azinmuth < -90) ||
(azinmuth >= 0 && azimuth < 90))
pta[1] = new Point3(x, pts[2].Y,
pts[1].Z, pts[1].W;
pta[2] = new Point3(x, pts[2].Y,
pts[3].Z pts[1l].W;
}
el se
pta[1] = new Point3(x, pts[0].Y,
pts[1].Z pts[1].W;
pta[2] = new Point3(x, pts[0].Y,
pts[3].Z pts[1].W;
}
}
for (int i =0; i < pta.Length; i++)
{
pta[i].Transforn{m fornl, this);
}

g. DrawLi ne(aPen, pta[0].X pta[0].Y,pta[l].X pta[l].V);
g. DrawLi ne(aPen, pta[l].X pta[l].Y,pta[2].X pta[2].V);
}

[/l Drawy gridlines:
if (IsY@id)

for (float y = YMn; y <= YMax; y =y + YTick)

{
pts = Coordi nat esC Chart Box();
pta[0] = new Point3(pts[1].X vy, pts[1].Z pts[1].W;
if (elevation >= 0)
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if ((azimuth >= -180 &% azimuth < -90) ||
(azimuth >= 0 & azimuth < 90))

{
pta[1l] = new Point3(pts[2].X v,
pts[1].Z, pts[1].W;
pta[2] = new Point3(pts[2].X v,
pts[3].Z pts[1l].W;
}
el se
pta[1] = new Point3(pts[0].X v,
pts[1].Z, pts[1].W;
pta[2] = new Point3(pts[0].X v,
pts[3].Z pts[1].W;
}

if (elevation < 0)

if ((azimuth >= -180 & azinuth < -90) ||
(azimuth >= 0 & azi muth < 90))

{
pta[1l] = new Point3(pts[0].X v,
pts[1].Z, pts[1].W;
pta[2] = new Point3(pts[0].X v,
pts[3].Z, pts[1l].W;
}
el se
pta[1l] = new Point3(pts[2].X v,
pts[1].Z pts[1].W;
pta[2] = new Point3(pts[2].X v,
pts[3].Z pts[1].W;
}
for (int i =0; i < pta.Length; i++)

pta[i].Transform(m fornl, this);

g. DrawLi ne(aPen, pta[0].X pta[0].Y,
pta[1].X pta[1].V);

g. DrawLi ne(aPen, pta[1].X pta[l].Y,
pta[2].X pta[2].V);

}

/1 Draw Z gridlines:
if (1sz@id)

for (float z = ZMn; z <= ZMax; z = z + ZTick)
{
pts = Coordi nat esC Chart Box();
pta[0] = new Point3(pts[2].X pts[2].Y, z, pts[2].W;
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if (elevation >= 0)
{
if ((azimuth >= -180 & azinmuth < -90) ||
(azimuth >= 0 & azi muth < 90))

{
pta[ 1] = new Point3(pts[2].X
pts[0].Y, z, pts[1l].W;
pta[2] = new Point3(pts[0].X
pts[0].Y, z, pts[1l].W;
}
el se
pta[ 1] = new Point3(pts[0].X
pts[2].Y, z, pts[1].W;
pta[2] = new Point 3(pts[0]. X
pts[1].Y, z, pts[1].W;
}

if (elevation < 0)

if ((azimuth >= -180 &% azimuth < -90) ||
(azimuth >= 0 & azimuth < 90))

{
pta[ 1] = new Point3(pts[0]. X
pts[2].Y, z, pts[1].W;
pta[2] = new Point3(pts[0].X
pts[0].Y, z, pts[1].W;
}
el se
{
pta[1] = new Point3(pts[2].X
pts[0].Y, z, pts[1].W;
pta[2] = new Point3(pts[0].X
pts[0].Y, z, pts[1].W;
}
for (int i =0; i < pta.Length; i++)

pta[i].Transform(m fornl, this);

g. DrawLi ne(aPen, pta[0].X pta[0].Y,

pta[1].X pta[1].Y);
g. DrawLi ne(aPen, pta[l1].X pta[l].Y,
pta[2].X pta[2].VY);

Labels

3D labels include three parts: he title, tick labels, and labels for the coordinate axes. Creating a
title label in 3D is similar to doing so in 2D. However, the tick labels and axis labels in 3D charts
are much more complicated than those in 2D charts. First we need to position these labels in the
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right position by considering the variation of the elevation and azimuth angles. Then, we need to
rotate them to be parallel to the coordinate axes when the elevation and azimuth angles are
changed. Finally, we want these labels to be properly spaced from the coordinate axes.

The following AddLabel s method in the Chart St yl e class creates labels in a 3D chart:

private voi d AddLabel s( G aphi cs @)

{

Matrix3 m= Matrix3. Azi nut hEl evati on(E evation, Azimth);

Point3 pt = new Point3();

Point 3[] pts = Coordi nat esCf Chart Box();

Sol i dBrush aBrush = new Sol i dBr ush( Label Col or);
StringFormat sf = new StringFornat();
sf.Alignnent = StringAlignment. Center;

/1 Add x tick |abels:

float offset = (YMax - YMn) / 20;
float |abel Space = of fset;
for (float x = XMn + XTick; x < XMax; x = x + XTick)

if (elevation >= 0)

if (azimuth >= -90 && azi muth < 90)
| abel Space = -of fset;

else if (elevation < 0)

if ((azinuth >= -180 &% azimuth < -90) ||
azimuth >= 90 & azi muth <= 180)
| abel Space = -of fset;

}

pt = new Point3(x, pts[1].Y + | abel Space, pts[1].Z pts[1l].W;
pt. Transforn(m fornl, this);
g.Drawstring(x. Tostring(), TickFont, aBrush,

new Point F(pt. X, pt.Y), sf);

}
/1 Add y tick |abels:

offset = (XMax - XMn) / 20;

| abel Space = of fset;

for (float y = YMn + yTick; y < YMax; y =y + YTick)
{

pts = Coordi nat esCr Chart Box() ;

if (elevation >= 0)

if (azimuth >= -180 & azinuth < 0)

| abel Space
else if (elevation
if (azimuth >=

| abel Space
}

<

0

-of fset;
0)

&% azi muth < 180)
-of f set;

pt = new Point3(pts[1].X + | abel Space, y, pts[1l].Z pts[1l].W;
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pt. Transforn{m forml, this);
g.Drawstring(y. ToString(), TickFont, aBrush,
new Point F(pt. X, pt.Y), sf);

}

/1 Add z tick |abels:
float xoffset = (XMax - XMn) / 30.0f;
float yoffset = (YMax - YMn) / 15.0f;
float xl abel Space = xof fset;
float yl abel Space = yoffset;
SizeF s = g. MeasureString(" A", TickFont);
for (float z = ZMn; z <= ZMax; z = z + ZTick)
{
sf.Alignnent = StringAlignnent. Far;
pts = Coordi nat esCrf Chart Box() ;
if (elevation >= 0)

{
if (azimuth >= -180 & azimuth < -90)
x| abel Space = 0;
yl abel Space = yoffset;
else if (azimuth >= -90 & azi muth < 0)
x| abel Space = xof fset;
yl abel Space = 0;
else if (azimuith >= 0 & azimuth < 90)
x| abel Space = 0;
yl abel Space = -yof fset;
}
else if (azinuth >= 90 && azi nuth <= 180)
x| abel Space = -xof fset;
yl abel Space = 0;
}
else if (elevation < 0)
{
if (azimuth >= -180 & azinuth < -90)
yl abel Space = 0;
x| abel Space = xof f set;

else if (azimuth >= -90 & azimuth < 0)

yl abel Space

-yof fset ;
x| abel Space ;

0;

else if (azimuith >= 0 & azimuth < 90)

yl abel Space = 0;
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x| abel Space = -xoffset;

else if (azimuith >= 90 & azi muth <= 180)

yl abel Space
x| abel Space

yof f set;
0;

}

pt = new Poi nt3(pts[2].X + yl abel Space,
pts[2].Y + xl| abel Space, z, pts[2].W;

pt. Transforn{m fornl, this);

g.Drawstring(z. Tostring(), TickFont, aBrush,

new Poi nt F(pt. X - |abel Space, pt.Y - s.Height / 2), sf);

}

/1 Add Title:
sf.Alignnent = StringAlignment. Center;
aBrush = new Sol i dBrush(TitleCol or);
if (Title!="No Title")
{
g Drawstring(Title, titleFont, aBrush,
new Poi nt F(forni. Pl ot Panel . Wdth / 2,
fornl. Height / 30), sf);

aBrush. D spose() ;

/1 Add x axis |abel:

offset = (YMax - YMn) / 3;

| abel Space = of fset;

sf.Alignnent = StringAlignment. Center;
aBrush = new Sol i dBrush(Label Col or);
float offsetl = (XMax - XMn) / 10;
float xc = offset1;

if (elevation >= 0)

if (azinuth >= -90 & azi mith < 90)
| abel Space = -of fset;

if (azinuth >= 0 & azi nuth <= 180)
xc = -offsetl;

else if (elevation < 0)

if ((azimuth >= -180 &% azimuth < -90) ||
azimuth >= 90 & azi muth <= 180)
| abel Space = -of fset;

if (Azinuth >= -180 &&% azi muth <= 0)
xc = -of fsetl,

}

Point3[] pta = new Poi nt3[2];

pta[0] = new Point3(XMn, pts[1].Y + | abel Space,
pts[1].Z, pts[1].W;

pta[1] = new Point3((XMn + XMax) / 2 - xc,

pts[1].Y + | abel Space, pts[1].Z pts[1].
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pta[0]. Transforn{m forml, this);

pta[1]. Transforn{m fornl, this);

float theta = (float)Math. Aan((pta[l].Y - pta[0].Y) /

(pta[1].X - pta[0].X));

theta = theta * 180 / (float)Mth.Pl;

Q aphicsState gs = g. Save();

g. Transl ateTransforn{pta[1].X pta[l].V);

g. Rot at eTransforn{t het a) ;

g. Drawstri ng( XLabel , Label Font, aBrush,
new Poi nt F(0, 0), sf);

g. Restore(gs);

/1 Add y axis |abel:

offset = (XMax - XMn) / 3;
offsetl = (YMax - YMn) / 5;
| abel Space = of fset;

float yc = YTick;

if (elevation >= 0)

if (azinuth >= -180 &&% azimuth < 0)
| abel Space = -of fset;

if (azimuth >= -90 & azi muth <= 90)
yc = -of fsetl;

else if (elevation < 0)
{
yc = -offsetl;
if (azinmuth >= 0 & azi muth < 180)
| abel Space = -of fset;
if (azinmuth >= -90 &% azi muith <= 90)
yc = of fset1;

}

pta[0] = new Poi nt 3(pts[1].X + | abel Space,
YMn, pts[1].Z pts[1].W;

pta[1] = new Point3(pts[1].X + | abel Space,
(YMn + YMax)/2 + yc, pts[1].Z, pts[1].W;

pta[0]. Transforn{m fornl, this);

pta[1]. Transforn{m fornl, this);

theta = (float)Math. Aan((pta[l].Y - pta[0].Y) /
(pta[1].X - pta[0].X));

theta = theta * 180 / (float)Math. Pl ;

gs = g. Save();

g. Transl ateTransforn{pta[ 1] . X, pta[1].V);

g. Rotat eTransforn{theta);

g. Drawstri ng( YLabel , Label Font, aBrush,

new Poi nt F(0, 0), sf);
g. Restore(gs);

/] Add z axis |abels:

float zticklength = 10;

| abel Space = -1.3f * offset;

offsetl = (ZMax - ZMn) / §;

float zc = -offset1;

for (float z = ZMn; z < ZMax; z = z + ZTick)
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Si zeF size = g. MeasureString(z. ToString(), TickFont);
if (zticklength < size. Wdth)
zticklength = size. Wdt h;

float zlength = -zticklength;
if (elevation >= 0)

{
if (azinuth >= -180 & azi muth < -90)
{
zlength = -ztickl engt h;
| abel Space = -1.3f * offset;
zc = -offsetl;
else if (azinmuth >= -90 & azimuth < 0)
{
zl ength = ztickl engt h;
| abel Space = 2 * offset / 3;
zc = offsetl;
else if (azimuth >= 0 & azinuth < 90)
{
zlength = zti ckl engt h;
| abel Space = 2 * offset / 3;
zc = -offsetl,
}
else if (azimuth >= 90 & azi muth <= 180)
{
zlength = -ztickl engt h;
| abel Space = -1.3f * offset;
zc = of fset1l,;
}
else if (elevation < 0)
{

if (azinuth >= -180 && azimuth < -90)
zlength = -ztickl engt h;
| abel Space = -1.3f * offset;
zc = offsetl;

else if (azinmuth >= -90 & azimuth < 0)
zlength = ztickl engt h;
| abel Space = 2 * offset / 3;
zc = -offsetl;

else if (azimuth >= 0 & azi nuth < 90)
zlength = zti ckl engt h;
| abel Space = 2 * offset / 3;
zc = offsetl,;

}
else if (azimuth >= 90 & azi muth <= 180)
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zlength = -ztickl engt h;
| abel Space = -1.3f * offset;
zc = -offsetl;

}

}

pta[0] = new Point3(pts[2].X - |abel Space, pts[2].Y,
(ZMn + ZMax) [ 2 + zc, pts[2].W;

pta[0]. Transforn{m fornl, this);

gs = g. Save();

g. Transl ateTransforn{pta[0]. X - zlength, pta[0].VY);

g. Rot at eTr ansf or n{ 270) ;

g. Drawstri ng(ZLabel , Label Font, aBrush,
new Poi nt F(0, 0), sf);

g. Restore(gs);

Testing Project

Now, we can put all of the basic classes we have created together into a new C# project,
Example6 1. This project contains the following classes: Poi nt 3, Mat ri x3, Li neStyl e
(from the previous projects, such as Example3 6), and Chart St yl e. Add a public method,
AddChart Styl e, to the Chart St yl e class:

public void AddChart Styl e( G aphics g)

{
AddTi cks(Q);
Add@ids(Qg);
AddAxes(Q);
AddLabel s(g);
}

The following For mil class can be used to test the basic features of a 3D coordinate system:

usi ng System

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System W ndows. For ns;

namespace Exanpl e6_1

public partial class Fornl : Form

{
Chart Styl e cs;

public Formi()
{

InitializeConponent();

this. SetStyle(Control Styl es. Al Pai nti ngl nWiPai nt |
Gontrol Styl es. UserPai nt |
Gontrol Styl es. Doubl eBuf fer, true);

this. Set Styl e(Control Syl es. Resi zeRedraw, true);
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/!l Subscribing to a paint eventhandl er to draw ngPanel :
Pl ot Panel . Pai nt +=

new Pai nt Event Handl er (Pl ot Panel Pai nt);

/1 Specify chart style paraneters:

cs = new Chart Styl e(this);

cs. @i dStyl e. LineCol or = Col or. Li ght O ay;
cs.QidStyle. Pattern = DashStyl e. Dash;
cs. Axi sStyl e. Li neCol or Col or. Bl ue;

cs. Axi sStyl e. Thi ckness 2;

cs. YTick = 1f;

}

private void Pl ot Panel Pai nt (obj ect sender, Pai ntEventArgs e)
{

Q@ aphics g = e. @ aphi cs;

g. Snoot hi ngMbde = Snoot hi nghbde. Anti Ali as;

cs. B evation = trkH evati on. Val ue;

cs. Azi mut h = trkAzi nut h. Val ue;

cs. AddChart Styl e(g);
}

private void trkH evation_Scrol | (obj ect sender, Event Args e)

t bE evation. Text = trkH evation. Val ue. ToString();
A ot Panel . I nval i date();

}
private void trkAzi muth_Scrol | (object sender, EventArgs e)

t bAzi mut h. Text = trkAzi mut h. Val ue. ToString();
M ot Panel . I nval i dat e();

}

private void tbH evati on_KeyUp(obj ect sender, KeyEvent Args e)
{
int val ue;
bool result = Int32. TryParse(tbHE evation. Text, out val ue);
if (result)

if (value <= -90)
val ue = -90;
else if (value >= 90)
val ue = 90;
trkHE evati on. Val ue = val ue;
}
A ot Panel . I nval i date();
}
private void tbAzi nut h_KeyUp(obj ect sender, KeyEventArgs e)
{
int val ue;
bool result = Int32. TryParse(tbAzi nuth. Text, out val ue);
if (result)
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Figure 6-2 Coordinate system to be used in 3D charts.

if (value <= -180)
val ue = -180;

else if (value >= 180)
val ue = 180;

trkAzi mut h. Val ue = val ue;

}
M ot Panel . I nval i date();

}
In this class, there are two track-bars that can be used to continuously change the elevation and
azimuth angles. We also put two textboxes in For ml to display the values of the corresponding
track-bars. You can also directly enter the elevation and azimuth angles into the textboxes.
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This project produces the output of Figure 6-2. You can see how the coordinate axes, gridlines,
and labels respond to the changes of the elevation and azimuth angles.

3D Line Charts

In the previous section, we implemented the basic coordinate system for 3D charts in C#, which
seems very involved. However, once you have finished this framework, you can use it without any
modification for a variety of 3D chart applications. Here, I will show you how easy it is to create a
3D line chart based on this basic framework of Example6 1. The 3D line chart displays a 3D plot
of a set of data points. It is similar to a 2D line chart, except that an additional component, Z, is
used to provide data for the third dimension.

Implementation

Start with a new C# Windows Application project, Example6 2. Import all of the classes of the
previous project Example6 1, including the For mil class, to the current project, and change their
namespace to Example6 2. Add a Dat aSer i es class to the current project. The Dat aSer i es
used here is very similar to the one used in 2D charts, except that the Poi nt Li st in this class
must hold 3D points. The following is its code listing:

usi ng System

usi ng System Col | ecti ons;
usi ng System Dr awi ng;

namespace Exanpl e6_2
public class DataSeries
{ private Arraylist pointList;
private LineStyle |ineStyle;
public DataSeries()

lineStyle = new LineStyle();

poi nt Li st new Arraylist();
}
public LineStyle LineStyle
{
get { return lineStyle; }
set { lineStyle = value; }
}
public ArrayList PointList
{
get { return pointList; }
set { pointList = value; }
}

public void AddPoi nt (Poi nt3 pt)



304 Practical C# Charts and Graphics

Poi nt Li st . Add(pt);

}

Unlike 2D charts, here we do not need a Dat aCol | ect i on class because we only allow one set
of data points to be drawn in a 3D chart. Drawing multiple sets of data points in a 3D chart
becomes more confusing than it does in the case of 2D. If you do want to have this capability, you
can easily add it to your applications using the Dat aCol | ect i on class in the same manner as
you do in the 2D charts. To simplify our discussion, we will only consider 3D charts with one set
of data points.

Add another new class, Dr awChar t, to the project. We want to implement all chart-drawing
related code in this class, and keep the other basic classes unchanged.

usi ng System
usi ng System Drawi ng;

nanespace Exanpl e6_2

public class DrawChart

{
Forml forni;
public DrawChart (Fornl fni)
{
forml = fni;
}
public void AddLi ne(G aphics g, DataSeries ds, ChartStyle cs)
{

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. LineStyl e. Pattern;

Matrix3 m= Matrix3. Azi mut hH evat i on(
cs.Hevation, cs.Azimth);
Point 3[] pts = new Poi nt 3[ ds. Poi nt Li st. Gount ] ;

for (int i =0; i < pts.Length; i++)

pts[i] = (Point3)ds. PointList[i];
pts[i].Transforn{m fornl, cs);

/1 Draw line:
if (ds.LineStyle.lsMisible == true)
{
for (int i =1; i < pts.Length; i++)
{
g. DrawLi ne(aPen, pts[i - 1].X
pts[i - 1].Y, pts[i].X pts[i].Y);

}
aPen. D spose();
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}

In this class, we first perform the transformations on the 3D data points by calling the
Poi nt 3. Tr ansf or mmethod using the Azi nmut hEl evat i on orthogonal projection matrix.
Then we draw the line chart using the X and Y components of the projected 3D data points.

All the other classes from the previous Example6 1 remain unchanged.

Testing Project

You can test the 3D line chart using the following For mil class, in which we need to specify the
data range, add the data points, and call the AddLi ne method to draw the chart. Here is the code
listing of the For mi class:

usi ng System

usi ng System Dr awi ng;

usi ng System Draw ng. Draw ng2Db,
usi ng Syst em W ndows. For ns;

namespace Exanpl e6_2

public partial class Fornl : Form
{

ChartStyl e cs;

Dat aSeri es ds;

DrawChart dc;

public Formi()
{

InitializeConponent();
this. SetStyle(Control Styl es. Al Pai nti ngl nWiPai nt |
Gontrol Styl es. UserPai nt |
Gontrol Styl es. Doubl eBuf fer, true);
this. Set Styl e(Control Styl es. Resi zeRedraw, true);
thi s. BackCol or = Col or. Wi te;

/1 Subscribing to a paint eventhandl er to draw ngPanel :
P ot Panel . Pai nt +=
new Pai nt Event Handl er (Pl ot Panel Pai nt);

/1 Specify paraneters for the chart:

cs = new Chart Styl e(this);
ds = new DataSeries();
dc = new DrawChart (this);

cs. @idsStyl e. LineCol or = Col or. Li ght G ay;
cs.@idStyle. Pattern = DashStyl e. Dash;

cs.XMn = -1f;
cs. XMax = 1f;
cs.YMn = -1f;
cs. YMax = 1f;
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cs.ZMn = 0;
cs. ZMax = 30;
cs. XTick = 0.5f;
cs. YTick = 0.5f;
cs. ZTick = 5;
}
private void AddDat a()
{
ds. PointList.dear();
ds. Li neStyl e. Li neCol or = Col or. Red,;
for (int i =0; i < 300; i++)
{
float t = 0.1f * i;
float x = (float)Math. Exp(-t / 30) *
(float)Mth. Cos(t);
float y = (float)Math. Exp(-t / 30) *
(float)Math. Sin(t);
float z = t;
ds. AddPoi nt (new Poi nt3(x, vy, z, 1));
}
}
private voi d Pl ot Panel Pai nt (obj ect sender, PaintEventArgs €)
{
Q aphi cs g = e. G aphi cs;
g. Smoot hi ngMbde = Snoot hi nghbde. Anti Al i as;
cs.B evation = trkH evati on. Val ue;
cs. Azi mut h = trkAzi nut h. Val ue;
cs. AddChart Styl e(g);
AddDat a() ;
dc. AddLi ne(g, ds, cs);
}

private void trkH evation_Scrol | (obj ect sender, EventArgs e)

tbE evation. Text = trkH evation. Val ue. ToString();
M ot Panel . I nval i dat e();

}

private void trkAzinuth_Scroll (object sender, EventArgs e)

t bAzi nut h. Text = trkAzi mut h. Val ue. ToString();
M ot Panel . I nval i dat e();

}
private void tbH evati on_KeyUd(obj ect sender, KeyEvent Args e)
{
int val ue;
bool result = Int32. TryParse(tbHE evation. Text, out val ue);
if (result)

if (value <= -90)
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val ue = -90;
else if (value >= 90)
val ue = 90;
trkE evation. Val ue = val ue;

}
M ot Panel . I nval i date();

}
private void tbAzi nut h_KeyUp(obj ect sender, KeyEventArgs e)
{
int val ue;
bool result = Int32. TryParse(tbAzi nuth. Text, out val ue);
if (result)

if (value <= -180)
val ue = -180;

else if (value >= 180)
val ue = 180;

Formi E@

£ Ais

Elevvation [degres)

-30

<1
=
H

Azimuth [degres]
-180

<l

Figure 6-3 A 3D line chart.
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tr kAzi nut h. Val ue = val ue;

}
M ot Panel . I nval i dat e();

}

Please note how we add the 3D data points to the Poi nt Li st in the AddDat a method. This
project generates the result of Figure 6-3. As in the case of 2D, here you can specify the line color,
dash type, and width. You can also look at the line chart from a different viewport by changing the
elevation and azimuth angles.

3D Chart Package

Since all of the different 3D charts share the same framework, instead of creating a separate
program for each type of 3D chart, here we will implement a complete 3D charting package that
integrates various types of 3D charts together. Using this package as a basis, you can easily create
your own professional 3D chart applications.

This package uses several classes from the previous projects, including Chart Styl e,
Li neStyl e, Col or Map, Mat ri x3, and Dat aSeri es. The Li neSt yl e, Col or Map, and
Mat ri X3 classes are the same as those in the previous projects, while the others need to be
modified to reflect 3D features. In the following subsections, we will show you how to modify
these classes, and also discuss the new classes added to this 3D package.

Chart Style

The 3D chart style is exactly the same as the Chart St yl e class used in the previous project,
Example6 2. But for 2D plots projecte from 3D charts, such as contour and color map plots on the
X-Y plane, that are to be implemented into this package, we also need to add a 2D chart style that
is similar to the Char t St yl e class used in 2D charts discussed in Chapters 3 and 4. Here we add
a class, Chart St yl 2D, to the project:

usi ng System

usi ng System Col | ecti ons;

usi ng System Drawi ng;

usi ng System Drawi ng. Draw ng2Db,
usi ng System Text;

nanmespace Exanpl e6_3

{
public class Chart Styl e2D

{
private Fornl formi;
private Rectangl e chartArea;
private Col or chartBackCol or;
private Col or chart Border Col or;
private Col or plotBackCol or = Col or. Wi te;
private Col or plotBorderCol or = Col or. Bl ack;
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public Chart Styl e2D( Forml fni)

{
forml = fni;
Rectangle rect = fornl. dient Rectangl €;
chart Area = new Rectangl e(rect. X, rect.Y,
rect. Wdth, 3 * rect.Height / 5);
chart BackCol or = fni. BackCol or;
chart Bor der Col or = fmil. BackCol or;
}
public Col or Chart BackCol or
{
get { return chartBackCol or; }
set { chartBackCol or = val ue; }
}
public ol or Chart Border Col or
{
get { return chartBorderColor; }
set { chartBorderCol or = val ue; }
}
public Rectangle Chart Area
{
get { return chartArea; }
set { chartArea = val ue; }
}

public void AddChart Styl e2D( G aphics g, Chart Styl e cs3d)

{
Pen aPen = new Pen(Col or. Bl ack, 1f);

Si zeF tickFontSize = g. MeasureString("A", cs3d. Ti ckFont);
/1 Oeate vertical gridlines:
float fX fY;
if (cs3d.1sY@id == true)
{

aPen = new Pen(cs3d. @i dStyl e. Li neCol or, 1f);

aPen. DashStyl e = ¢s3d. @i dStyle. Pattern;

for (fX = cs3d. XM n + c¢s3d. XTi ck; fX < cs3d. XMax;

f X += ¢s3d. XTi ck)

g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(f X
cs3d. YMn), cs3d),
Poi nt 2D( new Poi nt F(f X, c¢s3d. YMax), ¢s3d));

}

/!l Create horizontal gridlines:

if (cs3d.IsX@id == true)

{
aPen = new Pen(cs3d. @idStyl e. Li neCol or, 1f);
aPen. DashStyl e = ¢s3d. @idStyl e. Pattern;
for (fY = cs3d. YMn + cs3d. YTick; fY < cs3d. YMax;
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}

fY += cs3d. YTi ck)

{
g. DrawLi ne(aPen, Poi nt 2D( new Poi nt F(
cs3d. XM n, fY),cs3d),
Poi nt 2D( new Poi nt F(cs3d. XMax, fY),cs3d));
}

}

/] Oeate the x-axis tick marks:
for (fX =cs3d. XM n; fX <= cs3d. XMax; fX += ¢s3d. XTi ck)

Poi nt F yAxi sPoi nt = Poi nt 2D( new Poi nt F(f X,
cs3d. YM n), c¢s3d);
g. DrawLi ne(Pens. Bl ack, yAxi sPoint, new Poi nt F(
yAXi sPoi nt. X, yAxisPoint.Y - 5f));
}

/l Create the y-axis tick marks:
for (fY = cs3d. YMn; fY <= cs3d. YMax; fY += ¢s3d. YTi ck)

Poi nt F xAxi sPoi nt = Poi nt 2D( new Poi nt F(cs3d. XM n,
fY), cs3d);
g. DrawLi ne( Pens. Bl ack, xAxi sPoint,
new Poi nt F( xAxi sPoi nt. X + 5f, xAxisPoint.Y));

}

aPen. Di spose() ;

private void AddLabel s(G aphics g, ChartStyle cs3d)

{

float xOffset = Chart Area. Wdth / 30. Of ;

float yOifset = ChartArea. Height / 30.0f;

Si zeF | abel Font Size = g. MeasureString(" A",
¢s3d. Label Font) ;

SizeF titleFontSize = g. MeasureString(" A",
cs3d. Titl eFont);

Si zeF tickFontSize = g. MeasureString("A',
cs3d. Ti ckFont) ;

Sol i dBrush aBrush = new Sol i dBrush(cs3d. Ti ckCol or);
StringFormat sFormat = new StringFormat ();

/I Oreate the x-axis tick marks:

aBrush = new Sol i dBrush(cs3d. Ti ckCol or);

for (float fX = cs3d. XM n; fX <= cs3d. XMax;
f X += ¢s3d. XTi ck)

{

Poi nt F yAxi sPoi nt = Poi nt 2D( new Poi nt F(f X,
cs3d. YMn), c¢s3d);

sFormat. Alignment = StringAlignnent. Far;

Si zeF si zeXTick = g. MeasureString(fX ToString(),
cs3d. Ti ckFont) ;

g.Drawstring(f X ToString(), cs3d.TickFont, aBrush,
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new Poi nt F(yAxi sPoi nt. X +

si zeXTi ck. Wdth / 2 + forml. P ot Panel . Left,
yAxi sPoint.Y + 4f + fornil. M ot Panel . Top),

sFornmat) ;

}

/I Create the y-axis tick marks:
for (float fY = cs3d. YMn; fY <= cs3d. YMax; fY +=

cs3d. YTi ck)
{
Poi nt F xAxi sPoi nt = Poi nt 2D( new Poi nt F(cs3d. XM n,
fY), c¢s3d);
sFormat. Alignment = StringAlignnent. Far;
g. Drawstring(fY. ToString(), cs3d.TickFont, aBrush,
new Poi nt F(xAxi sPoint. X - 3f +
forml. M ot Panel . Left,
xAxi sPoint.Y - tickFontSi ze.Height / 2 +
fornil. M ot Panel . Top), sFornat);
}

/1 Add horizontal axis |abel:

aBrush = new Sol i dBrush(cs3d. Label Col or);

Si zeF stringSi ze = g. MeasureStri ng(cs3d. XLabel ,

cs3d. Label Font) ;

g. Drawstri ng(cs3d. XLabel , c¢s3d. Label Font, aBrush,
new Poi nt (formnl. Pl ot Panel . Left +
fornl. Pl ot Panel . Wdth / 2 -
(int)stringS ze.Wdth / 2, ChartArea.Bottom -
(int)yCifset - (int)label FontS ze. Height));

// Add y-axis |abel:

sFormat. Ali gnnent = StringAlignnent. Center;

stringS ze = g. MeasureStri ng(cs3d. YLabel , cs3d. Label Font);

/1 Save the state of the current QG aphics object

Q aphi csState gState = g. Save();

g. Transl ateTransforn{xC fset, yOfset +
titleFontS ze. Height + yOfset / 3 +
forml. Pl ot Panel . Hei ght / 2);

g. Rot at eTr ansf or (- 90) ;

g. Drawst ri ng(cs3d. YLabel , cs3d. Label Font,
aBrush, 0, 0, sFornat);

/!l Restore it:

g. Restore(gState);

/1 Add title:

aBrush = new Sol i dBrush(cs3d. Titl eCol or);

stringS ze = g. MeasureString(cs3d. Title, cs3d.Titl eFont);
if (cs3d.Title. ToUpper() !'="NO TITLE")

g.Drawstring(cs3d. Title, cs3d. TitleFont, aBrush,
new Poi nt (forndl. Pl ot Panel . Left +
forml. M ot Panel . Wdth / 2 -
(int)stringS ze.Wdth / 2, ChartArea. Top +
(int)yCfset));
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aBr ush. Di spose();
}

public void SetP ot Area(Q aphics g, ChartStyle cs3d)
{
/! Draw chart area:
Sol i dBrush aBrush = new Sol i dBrush( Chart BackCol or) ;
Pen aPen = new Pen(Chart Border Col or, 2);
g. Fi Il Rectangl e(aBrush, ChartArea);
g. DrawRect angl e(aPen, ChartArea);

/1 Set M otArea:
float xCffset = Chart Area. Wdth / 30. Of;
float yOfset = Chart Area. Height / 30.0f;
Si zeF | abel Font Size = g. MeasureString(" A",
cs3d. Label Font);
SizeF titleFontSize = g. MeasureString(" A",
cs3d. Titl eFont);
if (cs3d.Title. ToUpper() == "NO TI TLE")
{
titleFontS ze. Wdth = 8f;
titl eFontSi ze. Hei ght = 8f;

}
float xSpacing = xCOffset / 3.0f;
float ySpacing = yOfset / 3.0f;
Si zeF tickFontSize = g. MeasureString("A", cs3d. Ti ckFont);
float tickSpacing = 2f;
Si zeF yTi ckSi ze = g. MeasureStri ng(
cs3d. YM n. ToString(), c¢s3d. TickFont);
for (float yTick = cs3d. YMn; yTick <= cs3d. YMax;
yTi ck += cs3d. YTi ck)

{
Si zeF tenpS ze = g. MeasureString(yTi ck. ToStri ng(),
cs3d. Ti ckFont) ;
if (yTickSize.Wdth < tenpS ze. Wdt h)
yTi ckSi ze = tenpS ze;
}
}

float leftMargin = x(Offset + | abel Font S ze. Wdth +
xSpaci ng + yTi ckS ze. Wdth + tickSpaci ng;

float rightMargin = 2 * xCff set;

float tophargin = yOfset +
titleFontS ze. Hei ght + ySpaci ng;

float bottonhargin = yOfset + |abel FontSi ze. Height +
ySpaci ng + tickSpacing + tickFontS ze. Hei ght ;

/1 Define the plot area:

int plotX = ChartArea. X + (int)lefthMargin;

int plotY = ChartArea.Y + (int)topMargin;

int plotWdth = ChartArea. Wdth - (int)leftMargin —
(int)rightMrgin;

int plotHeight = ChartArea. Height - (int)topMargin —
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(i nt)bot t omvar gi n;

forni. P ot Panel . Left = plot X
fornl. Pl ot Panel . Top = plot;
if (cs3d.IsCol orBar)

fornl. P ot Panel . Wdth = 25 * plotWdth / 30;
el se

fornil. P ot Panel . Wdth = pl ot Wdt h;
forml. Pl ot Panel . Hei ght = pl ot Hei ght ;
AddLabel s(g, cs3d);

}
public PointF Poi nt 2D(Poi nt F pt, ChartStyl e cs3d)
{
Poi nt F aPoi nt = new Poi nt F();
if (pt.X<cs3d.XMn || pt.X > cs3d. Xvax | |
pt.Y < cs3d.YMn || pt.Y > cs3d. YMax)
{
pt.X = Single. NaN
pt.Y = Single. NaN
}
aPoint.X = (pt.X - ¢s3d. XM n) *
fornl. P ot Panel . Wdth / (cs3d. XMax - ¢s3d. XM n);
aPoint.Y = fornl. Pl ot Panel . Height - (pt.Y - cs3d. YMn) *
fornl. P ot Panel . Hei ght / (cs3d. YMax - ¢s3d. YM n);
return aPoint;
}

}

Most of this class is similar to that used in Chapters 3 and 4, except for a minor modification: the
size of the plot area now depends on whether the chart has a color bar.

Point4 Class

In discussing 3D graphics objects, we defined the Poi nt 3 class. However, if you want to display
a data set that is defined on the 3D grids, you need to define a 4D point to represent a value
defined on the position of the X, Y, and Z. This is called the volume visualization technique. The
volume data sets are characterized by multidimensional arrays of scalar or vector data. This data is
typically defined on lattice structures representing values sampled in 3D space. There are two
basic types of volume data: scalar and vector. Scalar volume data contains a single value for each
3D grid point, while vector volume data contains two or three values for each point, defining the
components of a vector.

In this package, we consider only scalar volume data, and show you how to create a slice plane to
view this scalar volume data. You can easily create the vector volume data simply by extending
the Poi nt 4 class. You can use the Poi nt 4 class to create scalar volume data. Here is the code
listing of this class:

usi ng System

nanespace Exanpl e6_3

{
public class Point4
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public Point3 point3 = new Point3();
public float V = 0;

publ i c Point4()
{

}

public Point4(Point3 pt3, float v)

{
point3 = pt3;
V =v;

}

This class is very simple: the first component is the Poi nt 3 object that contains the X, Y, Z, and
W components defined in 3D homogeneous coordinate system, and the second component is the
value defined at the position of Poi nt 3.

Data Series

The Dat aSer i es class is extended to include an array list, Poi nt Li St , to hold the data points
for a 3D line plot, a 2D point array of Poi nt 3[, ], Poi nt Arr ay, to hold the data for standard
3D mesh and surface charts; and a 3D point array of Poi nt 4[ , , ], Poi nt 4Arr ay, to hold the
volume data for slice charts. In addition, we add a few methods to compute the minimum and
maximum of a data set. Here is the code listing for this class:

usi ng System
usi ng System Col | ecti ons;
usi ng System Drawi ng;

namespace Exanpl e6_3
{
public class DataSeries
{
private Arraylist pointList;
private LineStyle |ineStyle;
private BarStyle barStyle;
private float xdataMn = -5;
private float ydataMn = -5;
private float zzdataMn = -5;

private float xSpacing = 1;
private float ySpacing = 1;
private float zSpacing = 1;

private int xNurber
private int yNunber
private int zNunber = 10;
private Point3[,] pointArray;
private Point4[, ,] point4Array;

I n
[
o

public DataSeries()
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{
lineStyle = new LineStyle();
barStyle = new BarStyle();
poi ntList = new ArrayList();
}
public Point4[, ,] Point4Array
{
get { return point4Array; }
set { point4Array = value; }
}
public Point3[,] PointArray
{
get { return pointAray; }
set { pointArray = value; }
}
public int XNunber
{
get { return xNunber; }
set { xNunber = value; }
}
public int YNunber
{
get { return yNunber; }
set { yNunber = value; }
}
public int ZNunber
{
get { return zNunber; }
set { zNunber = value; }
}
public float XSpacing
{
get { return xSpacing; }
set { xSpacing = val ue; }
}
public float YSpacing
{
get { return ySpacing; }
set { ySpacing = val ue; }
}
public float ZSpacing
{

get { return zSpacing; }
set { zSpacing = val ue; }
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public float XDataMn

{
get { return xdataMn; }
set { xdataMn = val ue; }
}
public float YDataMn
{
get { return ydataMn; }
set { ydataMn = val ue; }
}
public float ZzZDataM n
{
get { return zzdataMn; }
set { zzdataM n = val ue; }
}

public LineStyle LineStyle

{
get { return lineStyle; }

set { lineStyle = val ue; }

}
public BarStyle BarStyle
{
get { return barStyle; }
set { barStyle = value; }
}

public ArrayList PointList

{
get { return pointList; }
set { pointList = value; }

}

public void AddPoi nt (Poi nt3 pt)

{
Poi nt Li st. Add(pt);

}
public float ZDataM n()
{ float zmn = 0;
for (int i =0; i < PointArray.GetLength(0); i++)
{ Eor (int j =0; j < PointArray. GetlLength(1); j++)

zmn = Math. M n(zm n,
}
}

return zmn;

PointArray[i, j1.2);
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public float ZDatalMax()

{

0;

0; i < PointArray.GetlLength(0); i++)

float zmax
for (int i

for (int j =0; j < PointArray. GetLength(1); j++)
{

}
}

return zmax;

zmax = Math. Max(zmax, PointArray[i, jl.2);

}

public float VDataM n()

{

0;

0; i < Point4Array. GetLength(0); i++)

float vmn
for (int i

for (int j =0; j < Point4Array. GetLength(1); j++)

for (int k =0; k < Point4Array. GetLength(2); k++)
{

}

vmn = Math. Mn(vnmin, Point4Array[i, j, k].V);
}
}
return vnin;

}
public float VDatalMax()

0;
0; i < Point4Array. GetLength(0); i++)

float vmax
for (int i

{

for (int j =0; j < Point4Array. GetLength(1); j++)

for (int kK =0; k < Point4Array. GetLength(2); k++)
{

}

vmax = Mat h. Max(vrax, Point4Array[i, j, k].V);
}
}

return vnax;

Chart Functions

For convenience when testing the 3D package, we create several data sets from different functions
and put them together into the Char t Funct i ons class:

usi ng System
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nanmespace Exanpl e6_3

{

public class ChartFunctions

public ChartFunctions()

{
}
public void Line3D(DataSeries ds, ChartStyle cs)
{
cs.XMn = -1f;
cs. X\Max = 1f;
cs.YMn = -1f;
cs. YMax = 1f;
cs.ZMn = 0;
cs. ZMax = 30;
cs. XTick = 0. 5f;
cs. YTick = 0. 5f;
cs. ZTick = 5;
ds. XDataM n = cs. XM n;
ds. YDataM n = cs. YM n;
ds. XSpaci ng = 0. 3f;
ds. YSpaci ng = 0. 3f;
ds. XNunber = Convert. Tol nt 16( (cs. Xvax - c¢s. XM n) /
ds. XSpaci ng) + 1;
ds. YNunber = Convert. Tol nt 16( (cs. YMax - c¢s. YMn) /
ds. YSpaci ng) + 1;
ds. PointList.dear();
for (int i =0; i < 300; i++)
{
float t = 0.1f * i;
float x = (float)Math. Exp(-t / 30) *
(float)Math. Cos(t);
float y = (float)Math. Exp(-t / 30) *
(float)Math. Sin(t);
float z =t;
ds. AddPoi nt (new Poi nt 3(x, vy, z, 1));
}
}
public void Peak3D(DataSeries ds, ChartStyle cs)
{
cs.XMn = -3;
cs. XMax = 3;
cs.YMn = -3;
cs. YMax = 3;
cs.ZMn = -8;
cs. ZMax = 8;
cs. XTick = 1,
cs. YTick = 1;
cs. ZTick = 4;
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}

ds. XDataM n = cs. XM n;
ds. YDataM n = cs. YM n;
ds. XSpaci ng = 0. 5f;

ds. YSpaci ng = 0. 5f;

ds. XNunber = Convert. Tol nt 16( (cs. Xvax - c¢s. XM n) /
ds. XSpaci ng) + 1;

ds. YNunber = Convert. Tol nt 16( (cs. YMax - c¢s.YMn) /
ds. YSpaci ng) + 1;

Point3[,] pts = new Point 3[ ds. XNunber, ds. YNunber];
for (int i =0; i < ds.XNunber; i++)

for (int j =0; j < ds.YNunber; j++)
{

float x = ds.XDataMn + i * ds. XSpaci ng;

float y = ds. YDataMn + j * ds. YSpaci ng;

double zz = 3 * Math. Pow((1 - x), 2) *
Math. Exp(-x * x - (y +1) * (y +1)) - 10 *
(0.2 * x - Math.Pow(x, 3) - Math.Pow(y, 5)) *
Math. Exp(-x * x -y *y) - 1/ 3 *
Math. Exp(-(x + 1) * (x +1) -y *vy);

float z = (float) zz;

pts[i, j] = new Point3(x, y, z, 1);

}
}

ds. PointArray = pts;

public void S nROver RBD(Dat aSeries ds, ChartStyle cs)

{

cs.XMn = -8;

cs. XMax = 8;

cs.YMn = -8;

cs. YMax = 8;

cs.ZMn = -0.5f;

cs. ZMax = 1;

cs. XTick = 4;

cs. YTick = 4

cs. ZTick = 0.5f;

ds. XDataM n = cs. XM n;
ds. YDataMn = cs. YM n;
ds. XSpaci ng = 1f;

ds. YSpaci ng = 1f;

ds. XNunber = Convert. Tol nt 16( (cs. Xvax - c¢s. XM n) /
ds. XSpaci ng) + 1;

ds. YNunber = Convert. Tol nt 16((cs. YMax - c¢s.YMn) /
ds. YSpaci ng) + 1;

Point3[,] pts = new Point 3[ ds. XNunber, ds. YNunber];
for (int i =0; i < ds.XNunber; i++)
{

for (int j =0; j < ds.YNunber; j++)
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{
float x = ds.XDataMn + i * ds. XSpaci ng;
float y = ds.YDataMn + j * ds. YSpaci ng;
float r = (float)Math.Sgrt(x * x +y * y) +
0. 000001f ;
float z = (float)Math.Sin(r) / r;
pts[i, j] = new Point3(x, y, z, 1);
}
}
ds. PointArray = pts;
}
public void Exp4D(DataSeries ds, ChartStyle cs)
{
cs.XMn = -2;
cs. XMax = 2;
cs.YMn = -2;
cs. YMax = 2;
cs.ZMn = -2;
cs. ZMax = 2;
cs. XTick = 1;
cs. YTick = 1;
cs.ZTick = 1;
ds. XDataM n = cs. XM n;
ds. YDataM n = cs. YM n;
ds.ZZDataM n = cs. ZM n;
ds. XSpaci ng = 0. 1f;
ds. YSpaci ng = 0. 1f;
ds. ZSpaci ng = 0. 1f;

ds. XNunber = Convert. Tol nt 16((cs. XMax - ¢s. XMn) /
ds. XSpaci ng) + 1;

ds. YNunber = Convert. Tol nt 16((cs. YMax - c¢s.YMn) /
ds. YSpaci ng) + 1;

ds. ZNunber = Convert. Tol nt 16((cs. ZMax - c¢s.ZMn) /
ds. ZSpaci ng) + 1;

Point4[, ,] pts = new Poi nt4[ds. XNunber, ds. YNunber,

ds. ZNunber] ;
for (int i =0; i < ds.XNunber; i++)
{
for (int j =0; j < ds.YNunber; j++)
for (int k =0; k < ds.ZNunber; k++)
{
float x = ds. XDataMn + i * ds. XSpaci ng;
float y = ds.YDataMn + j * ds. YSpaci ng;
float z = ¢s.ZMn + k * ds. ZSpaci ng;
float v =z * (float)Math. Exp(-x * x —
y*y-z*z);
pts[i, j, k] = new Point4(new Poi nt 3(
X, Y, z, 1), v);
}
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}
ds. Poi nt4Array = pts;

}

The Li ne3D method creates data for drawing 3D line charts. Both the Peak3D and
Si nNROver R3D methods create data for testing mesh, surface, and contour charts. Finally, the
Exp4D method is used to create scalar volume data for testing slice charts.

DrawChart Class

As shown in the previous project, Example6 2, we implement all chart-drawing related codes in
the Dr awChar t class. Here is the code fragment of this class:

usi ng System
usi ng System Drawi ng;

namespace Exanpl e6_3

{
public class DrawChart

{
private Fornl forni;
private Chart TypeEnum chart Type;
private int[,] cmap;
private bool isColorMap = true;
private bool isH ddenLine = fal se;
private bool isinterp = fal se;
private int nunberinterp = 2;
private int nunberContours = 10;
private SiceEnumxyzSice = SiceEhum XS i ce;
private float slicelocation = 0;
private bool isBarSingleColor = true;

public DrawChart (Fornl fni)

{
fornml = fni;
}
public float Slicelocation
{
get { return slicelLocation; }
set { slicelocation = val ue; }
}
publ i ¢ bool 1sBarSi ngl eCol or
{
get { return isBarS ngleColor; }
set { isBarS ngleColor = value; }
}

public int Nunber Contours
{
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get { return nunberContours; }
set { nunberContours = val ue; }

}
public int Nunberlnterp
{
get { return nunberlnterp; }
set { nunberlnterp = val ue; }
}
public bool Islnterp
{
get { returnisinterp; }
set { islnterp = value; }
}
publ i c bool 1sCol or Map
{
get { return isCol or Map; }
set { isColorMap = val ue; }
}
public bool I|sH ddenLine
{
get { return i sH ddenLi ne; }
set { isH ddenLi ne = val ue; }
}
public int[,] Qvap
{
get { return cnmap; }
set { cmap = val ue; }
}
publ i ¢ Chart TypeEnum Chart Type
{
get { return chartType; }
set { chartType = val ue; }
}
public S iceEnum XYZSl i ce
{
get { return xyzSlice; }
set { xyzSice = value; }
}
publi c enum Sl i ceEnum
{
XSice,
YSl i ce,
ZSice
}

publ i ¢ enum Chart TypeEnum
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Li ne,
Mesh,
Meshz,
Vaterfall,
Sur f ace,
XYCol or,
Cont our,
Fi || Cont our,
MeshCont our ,
Sur f aceCont our ,
Sice,
Bar 3D,

}

public void AddChart (G aphics g, DataSeries ds,
Chart Style cs, Chart Styl e2D cs2d)

switch (Chart Type)
{

case Chart TypeEnum Li ne:
AddLi ne(g, ds, cs);
br eak;

case Chart TypeEnum Mesh:
AddMesh(g, ds, cs);
AddCol orBar (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum Meshz:
AddMeshZ(g, ds, cs);
AddCol orBar (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum Véterfall :
AddwaterFal | (g, ds, cs);
AddCol orBar (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum Sur f ace:
AddSur face(g, ds, cs, cs2d);
AddCol orBar (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum XYCol or:
AddXYCol or (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum Cont our :
AddCont our (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum Fi | | Cont our :
AddXYCol or (g, ds, cs, cs2d);
AddCont our (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum MeshCont our :
AddCont our 3D(g, ds, cs, cs2d);
AddMesh(g, ds, cs);
AddCol orBar (g, ds, cs, cs2d);
br eak;
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}

case Chart TypeEnum Sur f aceCont our :
AddXYCol or 3D(g, ds, cs, cs2d);
AddCont our 3D(g, ds, cs, cs2d);
AddSur face(g, ds, cs, cs2d);
AddCol orBar (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum S i ce:
AddSl i ce(g, ds, cs, cs2d);
AddCol orBar (g, ds, cs, cs2d);
br eak;

case Chart TypeEnum Bar 3D
AddBar 3D0(g, ds, cs, cs2d);
AddCol or Bar (g, ds, cs, cs2d) ;
br eak;

public void AddCol or Bar (& aphi cs g, DataSeries ds,

ChartStyle cs, ChartStyl e2D cs2d)

if (cs.lsColorBar &% |sCol or Map)

{

Pen aPen = new Pen(Col or. Bl ack, 1);

Sol i dBrush aBrush = new Sol i dBrush(cs. Ti ckCol or);
StringFormat sFormat = new StringFormat();
sFormat. Alignment = StringA ignment. Near;

Si zeF size = g. MeasureString("A", cs.TickFont);

int x, y, width, height;

Point3[] pts = new Poi nt 3[ 64] ;

Point F[] pta = new Poi nt F[ 4];

float zmn, znax;

if (ChartType == Chart TypeEnum S i ce)
{

zmn = ds. VbataM n() ;
zmax = ds. VDat aMax();
}
el se
{
zmn = ds. ZDataM n();
zmax = ds. ZDat aMax() ;

float dz = (znmax - zmn) / 63;

if (Chart Type == Chart TypeEnum Cont our | |
Chart Type == Chart TypeEnum Fi | | Cont our ||
Chart Type == Chart TypeEnum XYCol or)

X =5 * cs2d. Chart Area. Wdth / 6;
y = forml. P ot Panel . Top;

width = cs2d. Chart Area. Wdth / 25;
hei ght = forml. P ot Panel . Hei ght ;
/1 Add col or bar:

for (int i =0; i <64; i++)

{
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pts[i] = new Point3(x, y, zmn + i * dz, 1);

for (int i =0; i <63; i++)

Col or col or = AddCol or(cs, pts[i],
zmn, zmax);

aBrush = new Sol i dBrush(col or);

float yl =y + height - (pts[i].Z - zmn) *
height / (zmax - zmn);

float y2 =y + height - (pts[i + 1].Z —
zmn) * height / (znax - znin);

pta[0] = new Poi nt F(x, y2);
pta[1] = new PointF(x + width, y2);
pta[2] = new Point F(x + width, y1);
pta[ 3] = new Poi nt F(x, yl);

g. Fi || Pol ygon(aBrush, pta);
}
g. DrawRect angl e(aPen, x, y, width, height);

/] Add ticks and labels to the col or bar:

float ticklength = 0.1f * width;

for (float z = znin; z <= zmax; z =z +
(zmax - zmn) / 6)

{
float yy =y + height - (z - zmn) *
height / (zmax - zmn);
g. DrawLi ne(aPen, x, yy, x + ticklength, yy);
g. DrawLi ne(aPen, x + width, yy, x +
width - ticklength, yy);
g. Drawstri ng( (Mat h. Round(z, 2)).ToString(),
cs. Ti ckFont, aBrush, new Point F(x + width
+ 5, yy - size.Height / 2), sFormat);
}
}
el se
{
x =5 * fornl. Pl ot Panel . Wdth / 6;
y = forml. Pl ot Panel . Hei ght / 10;
width = fornil. Pl ot Panel . Wdth / 25;

hei ght = 8 * fornil. Pl ot Panel . Hei ght / 10;

/1 Add col or bar:
for (int i =0; i <64; i++)

pts[i] = new Point3(x, y, zmn + i * dz, 1);

for (int i =0; i <63; i++)
{
Col or col or = AddCol or(cs, pts[i],
zmn, znax);
aBrush = new Sol i dBrush(col or);
float yl =y + height - (pts[i].Z - zmn) *
height / (zmax - zmn);
float y2 =y + height - (pts[i + 1].Z —
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zmn) * height / (znax - znin);

pta[0] = new Poi nt F(x, y2);
pta[1l] = new PointF(x + width, y2);
pta[2] = new PointF(x + width, yl);

pta[3] = new Point F(x, yl1);
g. Fi || Pol ygon(aBrush, pta);

}
g. DrawRect angl e(aPen, x, y, width, height);

// Add ticks and | abels to the color bar:

float ticklength = 0.1f * width;

for (float z = znin; z <= zmax; z =z +
(zmax - zmn) / 6)

{

float yy =y + height - (z - zmn) *
hei ght / (zmax - znin);

g. DrawLi ne(aPen, x, yy, x + ticklength, yy);

g. DrawLi ne(aPen, x + width, yy, x + width —
ticklength, yy);

g. Drawstri ng( (Mat h. Round(z, 2)).ToString(),
cs. Ti ckFont, aBrush, new Poi nt F(x +
width + 5, yy — size.Height / 2),
sFormat ) ;

}

private Col or AddCol or (ChartStyle cs, Point3 pt,
float zmn, float zmax)

{
int col orLength = CVap. Get Lengt h(0);
int cindex = (int)Math. Round((col orLength *
(pt.Z - zmn) + (zmax - pt.2)) /
(zmax - zmin));

if (cindex < 1)
ci ndex = 1;

if (cindex > col orLengt h)
ci ndex = col orLengt h;

Gol or col or = Qol or. FromAr gb( Qvap[ ci ndex - 1, 0],
Ovap[cindex - 1, 1], QOvap[cindex - 1, 2],
Qvap[cindex - 1, 3]);

return col or;

}

In this class, the field members and their corresponding public properties are used to control the
appearance of various 3D charts. You can create a specific 3D chart by selecting the Chart Type
from the enumeration of Char t TypeEnum You can see that there are 12 different chart types to
select from in this enumeration. You can add more chart types to this enumeration and create their
corresponding 3D charts in the same manner as we do here.
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The AddCol or method is used to create the color map for a specified 3D chart type. In this
method, the color map is associated with the Z value. The AddCol or Bar method creates a color
bar at the right side of a 3D chart. This color bar, much like the legend in a 2D chart, indicates the
data values for different colors in the color map.

In the following few sections, I wil present detailed information on creating various 3D chats.

Surface Charts

Mathematically, a surface chart draws a Z function on a surface for each X and Y coordinate in a
region of interest. In this book, we discuss only simple types of surface charts. This means that for
each X and Y value, a simple surface can have at most one Z value. Complicated surfaces that can
have multiple Z values for each pair of X and Y values are beyond the scope of this book.

We now define a surface by the z-coordinates of points above a rectangular grid in the X-Y plane.
The surface chart is formed by joining adjacent points with straight lines. Surface plots are useful
for visualizing 2D data arrays (matrices) that are too large to display in numerical form, and for
graphing functions of two variables.

In this section, I will show you how to create different forms of surface charts. Mesh charts are
special cases of surface charts. They are basically wire-frame surfaces that draw only the lines
connecting the defining points. On the other hand, surface plots display both the connecting lines
and the faces of the surface in color. I implement these specific methods in C# to create various
surface charts, as listed in the following table:

Method Used to Create

Mesh Mesh chart with or without hidden lines

MeshZ Mesh chart with curtain (reference plane)

WaterFall Simile to MeshZ, but without lines from the Y data

Surface Surface chart with or without color map

XY Color Flat surface chart on the X-Y plane (Z value is proportional
only to color)

The simplest way to store surface data is in a 2D array. For each point (X, Y) in the region defined
for the surface, the (X, Y) entry in the array gives the Z coordinate of the corresponding point on
the surface. To make managing the surface easier, we can create a data structure specifically for
surface charts in the Dat aSer i es class. This class should contain variables to describe the data
it holds, including the minimum X and Y data values, the spacing between the rows of data in the
X and Y directions, and the number of data points in the X and Y directions. The following is the
code listing of the Dat aSer i es class to be used in surface charts:

usi ng System
usi ng System Col | ecti ons;
usi ng System Drawi ng;
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namespace Exanpl e6_3

{

public class DataSeries

{
private Arraylist pointList;
private LineStyle |lineStyle;

private float xdataMn = -5;
private float ydataMn = -5;
private float xSpacing = 1,
private float ySpacing = 1,

private int xNunber = 10;
private int yNunber = 10;
private Point3[,] pointArray;

publ i c DataSeries()

{
lineStyle = new LineStyl e();
poi ntList = new ArrayList();
}
public Point3[,] PointAray
{
get { return pointArray; }
set { pointArray = value; }
}
public float XNunber
{
get { return xNunber; }
set { xNunber = value; }
}
public float YNunber
{
get { return yNunber; }
set { yNunber = value; }
}
public float XSpacing
{
get { return xSpacing; }
set { xSpacing = val ue; }
}
public float YSpacing
{
get { return ySpacing; }
set { ySpacing = val ue; }
}
public float XDataMn
{

get { return xdataMn; }
set { xdataMn = val ue; }
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}
public float YDataMn
{
get { return ydataMn; }
set { ydataMn = val ue; }
}
public LineStyle LineStyle
{
get { return lineStyle; }
set { lineStyle = val ue; }
}
public ArrayList PointList
{
get { return pointList; }
set { pointList = value; }
}
public void AddPoi nt (Poi nt3 pt)
{
Poi nt Li st. Add(pt);
}

In this class, the Poi nt Li st holds the data for 3D line charts, while the 2D Poi nt Arr ay
stores the data for surface charts.

Mesh Charts

Add the AddMesh method to the Dr awChart class. Mesh charts can be created using this
AddMesh method. The following is its code listing:

private void AddMesh(Q@ aphics g, DataSeries ds, ChartStyle cs)
{
Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. LineStyl e. Pattern;
Sol i dBrush aBrush = new Sol i dBrush(Col or. Wite);
Matrix3 m= Matrix3. Azi nut hBl evati on(cs. B evation, cs.Azinuth);
Point F[] pta = new Poi nt F[ 4];
Point3[,] pts = ds. Poi nt Array;

/1 Find the m nunum and naxi mumz val ues:
float zmn = ds. ZDataM n();

float zmax = ds. ZDat aMax();

/1 Performtransformations on points:

for (int i =0; i < pts.GetLength(0); i++)
{
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for (int j =0; j <pts.GetlLength(1); j++)

pts[i, j].Transforn{m fornl, cs);

}
}
/1 Draw rnesh:
for (int i =0; i < pts.GetLength(0) - 1; i++)
{
for (int j =0; j < pts.CGetLength(1l) - 1; j++)
{
int ii =i;
if (cs.Azimuth >= -180 & cs. Azimuth < 0)
{
ii = pts.GetLength(0) - 2 - i;
}
pta[0] = new Point F(pts[ii, j].X pts[ii, j].Y);
pta[1] = new PointF(pts[ii, j + 1].X pts[ii, j +1].Y);
pta[2] = new PointF(pts[ii + 1, j + 1].X pts[ii + 1,
+1.);
pta[3] = new PointF(pts[ii + 1, j].X pts[ii +1, j]1.VY);
if (!lsH ddenLi ne)
g. Fi I I Pol ygon(aBrush, pta);
}
if (1sCol or Map)
{
Col or col or = AddCol or(cs, pts[ii, j], zmn, zmax);
aPen = new Pen(col or, ds.LineStyle. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;
}
g. DrawPol ygon(aPen, pta);
}

aPen. D spose();
aBrush. Di spose() ;

}

You can select the Mesh chart type using the following code snippet:
dc. Chart Type = DrawChart. Chart TypeEnum Mesh;

Using this method, you can create a 3D mesh chart with or without hidden lines. You can also
produce a mesh chart with a single color or with a complete scaled color map. We use the Z-Order
algorithm to remove hidden lines in a mesh plot. The Z-Order algorithm draws polygons from
back to front. When drawn in this order, a polygon can obscure only the polygon that has been
drawn before it. When it fills the polygon with a white color (or the background color of the plot
area), it covers up any lines that it should obscure. Pay special attention that when the elevation
and azimuth angles change, we change the order of drawing the polygons, making sure that the
program always draws the polygons from back to front.

The mesh chart can be tested using the following code snippet of the For il class:

usi ng System
usi ng System Draw ng;
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usi ng System Draw ng. Draw ng2Db,
usi ng Syst em W ndows. For ns;

namespace Exanpl e6_3

public partial class Fornl : Form
{

ChartStyle cs;

Chart Styl e2D cs2d,;

Dat aSeri es ds;

DrawChart dc;

Chart Functions cf;

Col or Map cm

publ i c Formi()

{
InitializeConponent();

this. SetStyle(Control Styl es. Al Pai nti ngl nWiPai nt |

Control Styl es. UserPaint |
Control Styl es. Doubl eBuf fer,true);

this. SetStyl e(Control Styl es. Resi zeRedraw, true);

/!l Subscribing to a paint eventhandl er to draw ngPanel :

M ot Panel . Pai nt +=
new Pai nt Event Handl er (Pl ot Panel Pai nt);
cs = new Chart Styl e(this);
cs2d = new Chart Styl e2D(t hi s);
ds = new DataSeries();
dc = new DrawChart (this);
cf new Chart Functions();
cm = new Col or Map();

cs. @idstyle. LineCol or = Col or. Li ght G ay;
cs.@idStyle. Pattern = DashStyl e. Dash;
cs.Title ="No Title";

dc. Chart Type = DrawChart . Chart TypeEnum Mesh;
dc. 1 sCol or Map = fal se;

dc. | sH ddenLi ne = true;

dc. Qvap = cmJet ();

}

protected override voi d nPai nt (Pai nt Event Args e)

{
Q aphi cs g = e. G aphi cs;

if (dc.Chart Type == DrawChart. Chart TypeEnum XYCol or | |
dc. Chart Type == DrawChart. Chart TypeEnum Cont our | |
dc. Chart Type == DrawChart . Chart TypeEnum Fi | | Cont our)

Rect angl e rect this.dientRectangl e;

cs2d. Chart Area = new Rectangl e(rect. X, rect.Y,

rect. Wdth, 19 * rect. Height / 30);
cf. Peak3D(ds, cs);
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cs2d. Set Pl ot Area(g, cs);
dc. AddCol orBar (g, ds, cs, cs2d);

}
}
private voi d Pl ot Panel Pai nt (obj ect sender, PaintEventArgs €)
{
Q aphi cs g = e. G aphi cs;
g. Smoot hi ngMbde = Snoot hi nghbde. Anti Al i as;
if (dc.Chart Type == DrawChart. Chart TypeEnum XYCol or | |
dc. Chart Type == DrawChart . Chart TypeEnum Cont our | |
dc. Chart Type == DrawChart . Chart TypeEnum Fi | | Cont our)
{
cs2d. AddChart Styl e2D( g, cs);
dc. AddChart (g, ds, cs, cs2d);
}
el se
{
cs.Hevation = trkH evati on. Val ue;
cs. Azimuth = trkAzi mut h. Val ue;
cf . Peak3D(ds, cs);
cs. AddChart Styl e(g);
dc. AddChart (g, ds, cs, cs2d);
}
}

By building and running this project, you will create a mesh chart with hidden lines, as shown in
Figure 6-4.
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Figure 6-4 Mesh plot with hidden lines.
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Z Az

Figure 6-5 Mesh plot without hidden lines.

You can just as easily create a mesh chart without hidden lines by changing one line of code:
dc. | sH ddenLi ne = fal se;

The bool parameter | SHi ddenLi ne is set to false, meaning that you do not want to show the
hidden lines in your mesh plot. This produces the results of Figure 6-5.

You can also create a color mapped mesh chart with a color bar using the following code snippet:

cs.|lsColorBar = true;
dc. 1 sCol or Map = true;

This tells the program to draw the mesh plot with a color bar using a color mapped pen. The result
is shown in Figure 6-6.
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Figure 6-6 Color mapped mesh chart with color bar.
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The data structures in the Dat aSeri es class allow you to manage many types of simple
surfaces.

Curtain Charts

The chart type, MeshZ, creates a curtain plot from a reference plane around the mesh chart. The
curtain is drawn by dropping lines down from the edge of the surface to the plane parallel to the
X-Y plane, at a height equal to the lowest point in the surface.

The curtain chart can be created using the AddMeshZ method in the Dr awChar t class:

private void AddMeshZ( G aphics g, DataSeries ds, ChartStyle cs)
{
Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. LineStyl e. Pattern;
Sol i dBrush aBrush = new Sol i dBrush(Col or. Wite);
Matrix3 m= Matrix3. Azi nut hEl evati on(cs. B evation, cs. Azi nuth);
Point F[] pta = new Poi nt F[ 4];
Point3[,] pts = ds. Poi nt Array;
Point3[,] ptsl = new Point3[pts. GetLength(0), pts.CGetlength(1)];
Col or color;

// Find the mnumum and naxi num z val ues:

float zmn = ds. ZDataM n();
float zmax = ds. ZDat aMax();
for (int i =0; i < pts.GetLength(0); i++)
{
for (int j =0; j <pts.Getlength(l); j++)
{
/1 NMake a deep copy the points array:
ptsi[i, j] = new Point3(pts[i, j].X pts[i, j].V,
ptsfi, j1.Z 1);
/1 Performtransformations on points:
pts[i, j].Transfornm(m fornil, cs);
}
}
/1 Draw mesh using Z-order nethod:
for (int i =0; i < pts.GetLength(0) - 1; i++)
{
for (int j =0; j < pts.GetLength(1l) - 1; j++)
intii =1i;
if (cs.Azimuth >= -180 && cs. Azimuth < 0)
{
ii = pts.GetlLength(0) - 2 - i;
}

pta[0] = new PointF(pts[ii, j].X pts[ii, j].Y);
pta[1l] = new PointF(pts[ii, j + 1].X pts[ii, j + 1].Y);
pta[2] = new PointF(pts[ii + 1, j + 1].X

ptsfii +1, j +1].Y);
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}

pta[3] = new Point F(pts[ii + 1, j].X pts[ii +1, j]1.VY);
g. Fi || Pol ygon(aBrush, pta)
if (1sCol or Map)
{
color = AddCol or(cs, pts[ii, j], zmn, zmax);
aPen = new Pen(col or, ds.LineStyle. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;

}
g. DrawPol ygon(aPen, pta);

/1 Draw curtain lines:
Point3[] pt3 = new Point3[4];
for (int i =0; i < ptsl. GetLength(0); i++)

{

int jj = ptsl. Getlength(0) - 1;
if (cs.Hevation >= 0)

if (cs.Azimuth >= -90 & cs. Azi nuth <= 90)

ji =0
else if (cs.BHevation < 0)
-
i =0
if (cs.Azimuth >=-90 & cs. Azi nuth <= 90)
jj = ptsl. Getlength(0) - 1;
}

if (i <ptsl GetLength(0) - 1)

pt3[0] = new Point3(ptsi[i, jjl.X ptsl[i, jj]l.Y,
tsifi, jjl1.Z 1);
pt3[1] = new Point3(ptsi[i + 1, jj].X
ptsi[i + 1, jjl.Y, ptsl[i + 1, jjl.Z 1);
pt3[2] = new Point3(ptsi[i + 1, jj].X
ptsi[i + 1, jj].Y, ¢cs.ZMn, 1);
pt3[3] = new Point3(ptsi[i, jjl.X
ptsifi, jjl.Y, ¢cs.ZMn, 1);
for (int kK =0; k <4; k++)
pt3[k]. Transform(m forml, cs);

pta[0] = new Point F(pt3[0].X, pt3[0].Y);
pta[1] = new Point F(pt3[1].X pt3[1].Y);
pta[2] = new PointF(pt3[2].X pt3[2].V);
pta[3] = new PointF(pt3[3].X pt3[3].V);

g. Fi I'l Pol ygon(aBrush, pta);

if (1sCol or Map)

{
col or = AddCol or(cs, pt3[0], zmn, znmax);
aPen = new Pen(col or, ds.LineStyle. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;

}
g. DrawPol ygon(aPen, pta);
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for (int j =0; j < ptsl.GetLength(1); j++)
{

int ii =0;
if (cs.Hevation >= 0)

if (cs.Azimuth >= 0 & cs. Azi muth <= 180)
ii = ptsl. Getlength(l) - 1;

else if (cs.Hevation < 0)

if (cs.Azimuth >= -180 &% cs. Azimuth <= 0)
ii = ptsl. GetlLength(1l) - 1;

}
if (j <ptsl GetLength(1l) - 1)
{

pt3[0] = new Point3(ptsi[ii, jl.X ptsl[ii, j].Y,
ptsi[ii, j].Z 1);
pt3[1] = new Point3(ptsi[ii, j + 1].X
ptsi[ii, j + 1].Y, ptsi[ii, j +1].Z 1);
pt3[2] = new Point3(ptsi[ii, j + 1].X
ptsi[ii, j + 1].Y, ¢cs.ZMn, 1);
pt3[3] = new Point3(ptsi[ii, j].X
ptsi[ii, j].Y, ¢cs.ZMn, 1);
for (int k =0; k <4; k++)
pt 3[k]. Transform(m forml, cs);
pta[0] = new PointF(pt3[0].X pt3[0].V);

pta 1] ;newPointF(ptS[l].X, pt3[1].V);
pta[2] = new PointF(pt3[2].X pt3[2].V);
pta[3] = new PointF(pt3[3].X pt3[3].V);

g. Fi || Pol ygon(aBrush, pta);
if (1sCol or Map)

color = AddCol or(cs, pt3[0], zmn, znax);
aPen = new Pen(col or, ds.LineStyle. Thi ckness);
aPen. DashStyl e = ds. Li neStyl e. Pattern;

}
g. DrawPol ygon(aPen, pta);
}

aPen. D spose() ;
aBrush. D spose() ;

}

In this method, we first create a mesh plot, then add the curtain to it. The curtain lines must be
drawn on the corresponding surface when changing both the elevation and azimuth angles.

The curtain chart can be tested using the same code of the For il class, except for a change in the
following line:

dc. Chart Type = DrawChart. Chart TypeEnum Meshz;
You can also change the chart function to Si nROver R3D and the color map matrix to Cool :
dc. Qvap = cm Cool () ;
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cf. S nROver RBD(ds, cs);

This produces the output of Figure 6-7.
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Figure 6-7 Curtain mesh chart.
Water Fall Charts

A waterfall chart draws a mesh plot similar to the curtain chart, but does not generate vertical lines
from the X component of the data. This produces a “waterfall” effect.

The waterfall chart can be created using the AddWat er f al | method in the Dr awChar t class:

private void AddvWaterfal | (G aphics g, DataSeries ds, ChartStyle cs)
{
Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. Li neStyl e. Pattern;
Sol i dBrush aBrush = new Sol i dBrush(Col or. Wite);

Matrix3 m= Matrix3. Azi nut hEl evati on(cs. B evation, cs.Azinuth);
Point3[,] pts = ds. Poi nt Array;

Point3[] pt3 = new Poi nt3[pts. GetLength(0) + 2];

Point F[] pta = new Poi nt F[ pts. GetLength(0) + 2];

Col or color;

/] Find the m numum and maxi mum z val ues:

float zmn = ds. ZDataM n();
float zmax = ds. ZDat aMax();
for (int j =0; j < pts.GetLength(1); j++)

int jj =i
if (cs.Hevation >= 0)

{
if (cs.Azimuth >= -90 && cs. Azimuith < 90)
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{
jj = pts.CGetLength(1) - 1 - j;
}
else if (cs.BHevation < 0)
{
jj = pts.CGetLength(1) - 1 - j;
if (cs.Azimuth >= -90 && cs. Azi muth < 90)
{
=i
}
for (int i =0; i <pts.GetlLength(0); i++)
pt3[i + 1] = pts[i, jj];
if (i ==0)
pt3[0] = new Point3(pt3[i + 1].X
pt3[i + 1].Y, cs.ZMn, 1);
}
if (i == pts.GetlLength(0) - 1)
{
pt3[pts. GetLength(0) + 1] = new Point3(pt3[i + 1].X%
pt3[i + 1].Y, cs.ZMn, 1);
for (int i =0; i <pt3.Length; i++)
{

pt3[i].Transforn{m fornl, cs);
pta[i] = new PointF(pt3[i].X pt3[i].V);

}
g. Fi | | Pol ygon(aBrush, pta);
for (int i =1; i < pt3.Length; i++)

if (1sCol or Map)
{

color = AddCol or(cs, pt3[i], zmn, zmax);
aPen = new Pen(col or, ds.LineStyle. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;

}
g. DrawLi ne(aPen, ptali - 1], pta[i]);
}

}

aPen. D spose() ;

aBrush. D spose();
}

In this method, we first create the mesh plot, then add the vertical lines from the Y component of
the data, producing the waterfall effect. The vertical lines must be drawn on the corresponding
surface when elevation and azimuth angles change.

The waterfall chart can be tested using the same code of the For mi class, except for a change in
the following line:

dc. Chart Type = DrawChart. Chart TypeEnum Vterfal | ;
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£ Az

Figure 6-8 Waterfall chart.

This generates the output result of Figure 6-8.

Surface Charts

Surface charts are similar to the mesh charts in that both display data as a shaded surface. The
difference between the surface and mesh charts is that the surface chart creates colored
quadrilaterals and black mesh lines, whereas a mesh plot only creates black or colored mesh lines.

The surface chart can be created using the AddSur f ace method in the Dr awChart class:

private void AddSurface(Q@ aphics g, DataSeries ds,

{

ChartStyle cs, Chart Styl e2D cs2d)

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. Li neStyl e. Pattern;
Sol i dBrush aBrush = new Sol i dBrush(Col or. Wite);

Matrix3 m= Matrix3. Azi nut hEl evati on(cs. B evation, cs.Azinuth);
Point F[] pta = new Poi nt F[ 4];
Point3[,] pts = ds. Poi nt Array;
Point3[,] ptsl = new Point3[pts. GetLength(0), pts.CGetlength(1)];

/!l Find the m nunumand maxi mum z val ues:
float zmn = ds.ZDataM n();
float zmax = ds. ZDat aMax();

/1 Performtransformation on points:
for (int i =0; i < pts.GetLength(0); i++)

{
for (int j =0; j < pts.CGetLength(1); j++)

/1 NMake a deep copy the points array:
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ptsi[i, j] = new Point3(pts[i, j].X
ptsfi, jl.Y. pts[i, j].Z 1);

/1 Performtransformation on points:

pts[i, j].Transforn{m fornl, cs);

}
}
/1 Draw surface:
if (!lslnterp)
{
for (int i =0; i <pts.GetlLength(0) - 1; i++)
for (int j =0; j <pts.CGetlLength(l) - 1; j++)
int ii =i;
if (cs.Azinuth >= -180 && cs. Azimuth < 0)
{
ii = pts.CGetLength(0) - 2 - i;
}
pta[0] = new PointF(pts[ii, j].X pts[ii, j].Y);
pta[1l] = new PointF(pts[ii, j + 1].X
pts[ii, j +1].Y);
pta[2] = new PointF(pts[ii + 1, j + 1].X
ptsfii +1, j +1].Y);
pta[3] = new PointF(pts[ii + 1, j].X pts[ii +1, j]1.Y);
Col or col or = AddCol or(cs, pts[ii, j], zmn, zmax);
aBrush = new Sol i dBrush(col or);
g. Fi I I Pol ygon(aBrush, pta);
if (ds.LineStyle.lsVisible)
g. DrawPol ygon(aPen, pta);
}
}
}
}

/1 Draw refined surface:
else if (Islnterp)

for (int i =0; i < pts.GetLength(0) - 1; i++)
{
for (int j =0; j < pts.GetLength(1l) - 1; j++)

int ii =1i;
if (cs.Azimuth >= -180 & cs. Azimuth < 0)
{

}

Point 3[] points = new Poi nt 3[4];
poi nt s[ 0] ptsi[ii, j1;

poi nt s[ 1] ptsi[ii, j + 1];

poi nt s 2] ptsi[ii + 1, j + 1];
poi nt s[ 3] ptsi[ii + 1, j];

ii = pts.GtlLength(0) - 2 - i;
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Interp(g, cs, cs2d, m points, zmn, zmax, 1);

pta[0] = new PointF(pts[ii, j].X pts[ii, j].Y);
pta[1l] = new PointF(pts[ii, j + 1].X
pts[ii, j +1].Y);

pta[2] = new Point F(pts[ii +
ptsfii + 1, j +1].Y)

pta[3] = new Poi nt F(pts[ii +
pts[ii +1, j].Y);

if (ds.LineStyle.lsMsible)

1, +1].%

1 1%

g. DrawPol ygon(aPen, pta);

}

In this method, we draw surface charts using two different approaches: one is similar to the
approach used to create mesh charts, while the other applies interpolated shading to the surface
plot by calling the following | nt er p method:

private void Interp(Gaphics g, ChartStyle cs, ChartStyl e2D cs2d,
Matrix3 m Point3[] pta, float zmn, float zmax, int flag)
{

Sol i dBrush aBrush = new Sol i dBrush( Col or. Bl ack);
PointF[] points = new Poi nt F 4] ;

int npoints = Nunber | nterp;

Point3[,] pts = new Point3[npoints + 1, npoints + 1];
Point3[,] ptsl = new Point3[npoints + 1, npoints + 1];

float x0 = pta[0]. X
float yO = pta[0].Y;
float x1 = pta[2].X
float yl = pta[2].Y,
float dx = (x1 - x0) / npoints;

float dy = (yl - y0) / npoints;
float @0 = pta[0]. Z

float Cl0 = pta[3].Z

float Cl1 = pta[2].Zz

float Q1 = pta[l].Z

float x, y, G

Gol or col or;

if(flag == 1) // For Surface chart:

for (int i =0; i <= npoints; i++)
{
X =x0 +i * dx;
for (int j =0; j <= npoints; j++)

yo +j * dy;
(yl-y) * ((x1- x) * Q0 +

(x - x0) * Clo) / (x1 - x0) / (y1l - y0) +
(y - y0) * ((x1- x) * Q1 +

(x - x0) * C11) / (x1 - x0) / (yl - yO0);

y
C
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pts[i, j] = newPoint3(x, y, C 1);
pts[i, j].Transforn{(m forni, cs);

}
}
for (int i =0; i < npoints; i++)
for (int j =0; j <npoints; j++)
{
color = AddCol or(cs, pts[i, j], zmn, znax);
aBrush = new Sol i dBrush(col or);
points[0] = new PointF(pts[i, j].X pts[i, j1.VY);
points[1] = new PointF(pts[i + 1, j].X
ptsfi +1, j].Y);
points[2] = new PointF(pts[i + 1, j + 1].X
pts[i + 1, j +1].Y);
points[3] = new PointF(pts[i, j + 1].X
ptsfi, | +1].Y);
g. Fi Il Pol ygon(aBrush, points);
aBrush. Di spose();
}
}
}
elseif (flag == 2) [/ For XYCol or chart:
for (int i =0; i <= npoints; i++)
{

X =x0 +i * dx;
for (int j =0; j <= npoints; j++)

{
y =y0 +j * dy;
C=(yl-y) *((x1-x)* Q0 +
(x - x0) * C10) / (x1 - x0) / (y1 - y0) +
(y - y0) * ((x1 - x) * Q01 +
(x - x0) * C11) / (x1 - x0) / (y1 - y0);
pts[i, j] = newPoint3(x, y, G 1);
}
}
for (int i =0; i < npoints; i++)
{

for (int j =0; j < npoints; j++)

color = AddCol or(cs, pts[i, j], zmn, znax);

aBrush = new Sol i dBrush(col or);

poi nt s[ 0] = cs2d. Poi nt 2D(new Poi nt F(pts[i, j].X
ptsfi, j].VY), cs);

poi nts[ 1] = cs2d. Poi nt 2D(new Poi nt F(pts[i + 1, j].X
pts[i +1, j].Y), cs);

poi nts[2] = cs2d. Poi nt 2D( new Poi nt F(pts[i + 1,
j +1]1.X pts[i +1, j +1].Y), cs);

poi nt s[ 3] = cs2d. Poi nt 2D( new Poi nt F(
ptsfi, j +1].X pts[i, j + 1].Y), cs);

g. Fi I I Pol ygon(aBrush, points);
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aBrush. D spose();

}
}
}
else if(flag == 3) // For XYCol or3D chart:
for (int i =0; i <= npoints; i++)
{

X =x0 +i * dx;
for (int j =0; j <= npoints; j++)

{
y =y0 +j * dy;
C=(yl-vy) * ((x1-x)* Q0 +
(x - x0) * C10) / (x1 - x0) / (y1 - y0) +
(y - y0) * ((x1 - x) * Q01 +
(x - x0) * C11) / (x1 - x0) / (y1 - y0);
ptsl[i, j] = new Point3(x, y, C 1);
pts[i, j] = new Point3(x, y, ¢s.ZMn, 1);
pts[i, j].Transforn{m fornl, cs);
}
}
for (int i =0; i < npoints; i++)
for (int j =0; j < npoints; j++)
color = AddCol or(cs, ptsif[i, j], zmn, zmax);
aBrush = new Sol i dBrush(col or);
poi nts[0] = new PointF(pts[i, j].X pts[i, j]1.Y);
points[1] = new PointF(pts[i + 1, j].X
pts[i + 1, j].Y);
points[2] = new PointF(pts[i + 1, j + 1].X
pts[i + 1, j +1].V);
points[3] = new PointF(pts[i, j + 1].X pts[i, j + 1].Y);
g. Fi | | Pol ygon(aBrush, points);
aBrush. Di spose() ;
}
}

}

This interpolation method forces the color within each polygon of a surface chart to vary bi-
linearly, producing the effect of a smooth color variation across the surface. You can control the
fineness of the interpolated surface by changing the Nunber | nt er p property.

The surface chart can be tested using the same code of the For mil class, except for a change in the
following line:

dc. Chart Type = DrawChart. Chart TypeEnum Sur f ace;
You can also change the chart function to Peak 3D and the color map matrix to Jet :

dc. Qvap = cmJet();
cf. Peak3D(ds, cs);
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This produces the output of Figure 6-9.
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Figure 6-9 A standard surface chart.
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Figure 6-10 A surface chart without mesh lines.

You can also create a shaded surface chart without mesh lines by adding the following line of
code:

ds.LineStyle.lsVisible = fal se;

This produces the results shown in Figure 6-10, in which the mesh lines are no longer visible. It
can be seen from this figure that the color map is still coarse, and the single color is clearly seen
for each polygon on the surface. You can obtain a surface chart with a much better color map by
applying interpolated shading with the following code snippet:

dc.Islnterp = true;
dc. Nunberinterp = 5;
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This creates the output of Figure 6-11, which has a much smoother color across the whole surface.
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Figure 6-11 A surface chart with interpolated shading.

Color Charts on X-Y Plane

The X-Y color chart can be considered as a projected surface chart on the X-Y plane. In fact, it is
a rectangle mesh grid in the X-Y plane with colors determined by the data values on the grid
points. In this subsection, we create an X-Y color chart using each set of four adjacent points to
define a polygon. Each polygon has a single colored shading. As in surface charts, the X-Y color
chart can also have interpolated shading, in which each polygon is colored by bilinear
interpolation of the colors at its four vertices using all of the elements of the data values. The
minimum and maximum elements of the data values at the grid points are assigned the first and
last colors in the color map. Colors for the remaining elements in the data values are determined
by linear mapping from the value to the color map element.

The X-Y color chart is created by the AddXYCol or method in the Dr awChart class:

private voi d AddXYCol or (@ aphi cs g, DataSeries ds,
ChartStyl e cs, ChartStyl e2D cs2d)
{

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or, ds. LineStyl e. Thi ckness);
aPen. DashStyl e = ds. Li neStyl e. Pattern;

Sol i dBrush aBrush = new Sol i dBrush(Col or. Wite);

Point F[] pta = new Poi nt F[ 4] ;

Point3[,] pts = ds. Poi nt Array;

Matrix3 m= new Matri x3();

/!l Find the m nunumand maxi mum z val ues:
float zmn = ds.ZDataM n();
float zmax = ds. ZDat aMax();

/1 Draw surface on the XY pl ane:
if (!lIslnterp)
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for (int i =0; i <pts.GtlLength(0) - 1; i++)
{
for (int j =0; j <pts.GetlLength(l) - 1; j++)
{
pta[ 0] = cs2d. Poi nt 2D( new Poi nt F(pts[i, j].X
ptsfi, j].VY), cs);
pta[ 1] = cs2d. Poi nt 2D( new Poi nt F(pts[i, j + 1].X
ptsfi, j +1].Y), cs);
pta[2] = cs2d. Point2D(new Poi nt F(pts[i + 1, j + 1].X
pts[i +1, j +1].V), cs);
pta[ 3] = cs2d. Poi nt 2D new Poi nt F(pts[i + 1, j].X
pts[i +1, j].Y), cs);
Col or col or = AddCol or(cs, pts[i, j], zmn, zmax);
aBrush = new Sol i dBrush(col or);
g. Fi | | Pol ygon(aBrush, pta);
if (ds.LineStyle.lsMsible)
g. DrawPol ygon(aPen, pta);
}
}

}

/1 Draw refined surface:
else if (Islnterp)

for (int i =0; i <pts.Gtlength(0) - 1; i++)
{
for (int j =0; j <pts.Gtlength(l) - 1; j++)
{
Poi nt3[] points = new Poi nt3[4];
points[O] = pts[i, j];
points[1] = pts[i, j + 1];
points[2] = pts[i + 1, j + 1];
points[3] =pts[i + 1, j];
Interp(g, cs, cs2d, m points, zmn, znax, 2);
pta[ 0] = cs2d. Poi nt 2D(new Poi nt F(pts[i, j].X
pts[i, j].VY),cs);
pta[1] = cs2d. Poi nt2D(new Poi nt F(pts[i, j + 1].X
ptsfi, j +1].V),cs);
pta[2] = cs2d. Point2D(new PointF(pts[i + 1, j + 1].X
pts[i +1, j +1].Y), cs);
pta[ 3] = cs2d. Poi nt 2D(new Poi nt F(pts[i + 1, j].X
pts[i + 1, j].Y), cs);
if (ds.LineStyle.lsVisible)
{
g. DrawPol ygon(aPen, pta);
}
}
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}

The X-Y color chart can be tested using the same code of the For ml class as the surface chart,
except for a change in the following lines:

cs2d. Chart BackCol or = Col or. Wii te;

cs2d. Chart Border Gol or = ol or. Bl ack;
ds.LineStyle.IsVisible = true;

dc. Chart Type = DrawChart. Chart TypeEnum XYCol or ;

This creates Figure 6-12. Notice that the appearance of the X-Y color charts is controlled by the
2D chart style.
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Figure 6-12 An X-Y color chart with mesh lines.
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Figure 6-13 An X-Y color chart without mesh lines.
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You can remove the mesh lines from this X-Y color chart by changing the
Li neStyl e. | sVi si bl e property:

ds. LineStyle.IsVisible = fal se;

This produces the illustration shown in Figure 6-13. It can be seen from this figure that the single
color is clearly seen for each polygon on an X-Y color chart. You can obtain an X-Y color chart
with a much better color map by applying interpolated shading with the following code snippet:

dc.Isinterp = true;
dc. Nunberinterp = 5;

This produces the interpolated X-Y color chart shown in Figure 6-14.
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Figure 6-14 An X-Y color chart with an interpolated color shading.

Contour Charts

Contour charts help visualizing 3D surfaces on a 2D computer screen. In this case, data values are
plotted as a function of mesh grid points in the X-Y plane. To do contouring in a C# application,
you need to describe the data surface and the contour levels you want to draw. Given this
information, the program must call the algorithm that calculates the line segments that make up a
contour curve, then plot these line segments on your computer screen.

In order to satisfy the above description, here we use an algorithm that is relatively simple to
implement, very reliable, and does not require sophisticated programming techniques or a high
level of mathematics to understand how it works.

Algorithm

Suppose that 3D surface data is stored in a 2D array to form a rectangular grid in the X-Y plane.
We consider four grid points at a time; namely the rectangle cell (i, j), (it1, j), (i, j+1), and (i+1,
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j+1). This rectangular grid cell is further divided into two triangular grid cells, as shown in Figure
6-15. The contouring is drawn by systematically examining each triangular grid cell. Intersection
points, if any, between each edge of the cell and a given contour level curve are computed using
bilinear interpolation. Line segments are plotted between intersection points of a contour level
curve, with each of the two edges belonging to the cell. Note that if any edges belonging to a
triangular cell are intersected by a given level curve, then exactly two edges are intersected.

It can be seen from Figure 6-15 that there are three cases for each triangular grid cell in which
certain types of contouring line segments are drawn depending on the contouring level with
respect to the data values at the grid points of a triangle cell. Thus, by examining all of the left and
right triangular cells and adding all of the possible contouring line segments together, we can
obtain a contour chart for any function defined on a rectangular grid in the X-Y plane.

= [L 1
a,j+1  (+1,]+1)

=N
U

Figure 6-15 A rectangle grid cell is further divided into two triangular grid

cells. Each triangular grid cell has three possible cases that draw different
contouring line segments.

fi, i {+1, )

Implementation

Using the algorithm discussed in the previous section, we can easily create contour charts in C#.
We add the AddCont our method to the Dr awChart class:

private void AddCont our (G aphics g, DataSeries ds, ChartStyle cs,
Chart Styl e2D cs2d)
{

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;
Sol i dBrush aBrush = new Sol i dBrush(Col or. Wite);
PointF] pta = new PointF[ 2];
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Point3[,] pts = ds. Poi nt Array;
Matrix3 m= new Matri x3();

/1 Find the m nunum and naxi mumz val ues:
float zmn = ds. ZDataM n();

float zmax = ds. ZDat aMax();

float[] zlevels = new fl oat[ nunber Cont ours] ;
for (int i =0; i < nunberContours; i++)

zlevel s[i] =zmn +i * (zmax - znin) / (nunberContours - 1);
}
int i0, i1, i2, jO, j1, j2
float zratio = 1;

/1 Draw contour on the XY pl ane:
for (int i =0; i < pts.GetLength(0) - 1; i++)

for (int j =0; j < pts.CGetLength(1l) - 1; j++)

if (1sColorMap && Chart Type ! = Chart TypeEnum Fi | | Cont our)

{
Col or col or = AddCol or(cs, pts[i, j], zmn, zmax);
aPen = new Pen(col or, ds.LineStyle. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;
}
for (int k =0; k < nunberContours; k++)
{
/1 Left triangle:
i0=1i;
jo0 =j;
il=i;
jr=j + 1
i2=1i+1;
j2=j +1
if ((zlevels[k] >= pts[iO, jO].Z && zl evel s[k] <
pts[il, j1].Z || zlevels[k] < pts[iO, jO].Z
&% zl evel s[k] >= pts[il, j1].2) &
(zlevels[k] >=pts[il, j1].Z & zl evel s[k] <
pts[i2, j2].Z || zlevels[k] < pts[il, j1].Z
&8 zl evel s[k] >= pts[i2, j2].2)
{

zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[il, j1].Z - pts[iO, jO].2);

pta[ 0] = cs2d. Poi nt 2D new Poi nt F(pts[i 0, jO]. X
(1 - zratio) * pts[iO, jO].Y + zratio *
pts[il, j1].Y), cs);

zratio = (zlevels[k] - pts[il, j1].2) /
(pts[i2, j2]1.Z - pts[il, j1].2);

pta[ 1] = cs2d. Poi nt 2D( new Poi nt F((1- zratio) *
pts[il, j1] . X + zratio * pts[i2, j2].X
pts[il, j1].Y), cs);

g. DrawLi ne(aPen, pta[0], pta[l]);

}
else if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[ k]
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< pts[i2, j2].Z || zlevels[k] < pts[iO, jO].Z
&& zl evel s[k] >= pts[i2, j2].2) &&

(zlevel s[k] >=pts[il, j1].Z & zlevel s[k] <
pts[i2, j2].Z || zlevels[k] < pts[il, j1].Z

&& zl evel s[k] >= pts[i2, j2].2))

zratio = (zlevels[k] - pts[iO, jO].2) /
(pts[i2, j2].Z - pts[iO, jO].2);

pta[ 0] = cs2d. Poi nt 2D( new Poi nt F((1-zrati o) *
pts[iO, jO].X + zratio * pts[i2, j2].X
(1l-zratio) * pts[iO, jO].Y + zratio *
pts[i2, j2].Y), cs);

zratio = (zlevels[k] - pts[il, j1].2) /
(pts[i2, j2].Z2 - pts[il, j1].2);

pta[ 1] = cs2d. Poi nt 2D(new Poi nt F((1-zratio) *
pts[il, j1].X + zratio * pts[i2, j2].X
pts[il, j1].Y), cs);

0. DrawLi ne(aPen, pta[0], pta[l]);

}
else if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[ k]

11
i0

<pts[il, j1].Z || zlevels[k] < pts[iO, jO].Z
&% zl evel s[k] >= pts[il, j1].2) &

(zlevels[k] >= pts[i0, jO].Z & zlevel s[k] <
pts[i2, j2].Z || zlevels[k] < pts[iO, jO].Z &&
zl evel s[k] >= pts[i2, j2].2)

zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[il, j1].Z - pts[iO, jO].2);

pta[ 0] = cs2d. Poi nt 2D new Poi nt F(pts[i 0, jO]. X
(1l-zratio)* pts[iO, jO].Y + zratio *
pts[il, j1].VY), cs);

zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[i2, j2].Z - pts[iO, jO].2);

pta[ 1] = cs2d. Poi nt 2D(new Poi nt F(pts[i 0, jO].X *
(1-zratio) + pts[i2, j2].X* zratio,
pts[iO, jO].Y * (1l-zratio) +
pts[i2,j2].Y *zratio), cs);

g. DrawLi ne(aPen, pta[0], pta[l]);

right triangle:
i
+1;

i

I

i+ 1

i+ 1L

(zlevels[k] >= pts[i0, jO].Z & zlevel s[k] <
pts[il, j1].Z || zlevels[k] < pts[iO, jO].Z
&& zlevel s[k] >= pts[il, j1].2) &&
(zlevel s[k] >= pts[il, j1].Z && zl evel s[K]
<pts[i2, j2].Z || zlevels[k] <pts[il, j1].Z
&& zl evel s[k] >= pts[i2, j2].2))

(
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zratio = (zlevels[k] - pts[iO, jO].2) /
(pts[il, j1]1.Z - pts[iO, jO].2);

pta[ 0] = cs2d. Poi nt 2D( new Poi nt F(pts[i 0, jO].X *
(1 - zratio) + pts[il, j1].X * zratio,
pts[iO, jO].Y), cs);

zratio = (zlevels[k] - pts[il, j1].2) [/
(pts[i2, j2].Z - pts[il, j1].2);

pta[ 1] = cs2d. Poi nt 2D(new Poi nt F(pts[i1, j1].X
pts[il, j1].Y * (1 - zratio) + pts[i2, j2].Y
* zratio), cs);

g. DrawLi ne(aPen, pta[0], pta[l]);

else if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[ k]
< pts[i2, j2].Z || zlevels[k] < pts[iO, jO].Z
&% zl evel s[k] >= pts[i2, j2].2) &
(zlevel s[k] >= pts[il, j1].Z & zl evel s[k] <
pts[i2, j2].Z || zlevels[k] < pts[il, j1].Z
&% zl evel s[k] >= pts[i2, j2].2))

zratio = (zlevels[k] - pts[iO, jO].2) /
(pts[i2, j2].Z - pts[iO, jO].2);

pta[ 0] = cs2d. Poi nt 2D( new Poi nt F(pts[i 0, jO].X *
(l-zratio) + pts[i2, j2].X *zratio,
pts[iO, jO].Y *(1-zratio) +
pts[i2, j2].Y *zratio), cs);

zratio = (zlevel s[k] - pts[il, j1].2) /
(pts[i2, j2]1.Z - pts[il, j1].2);

pta[ 1] = cs2d. Poi nt 2D( new Poi nt F(pts[il, j1].X
pts[il, j1].Y *(1-zratio) +
pts[i2, j2].Y *zratio), cs);

0. DrawLi ne(aPen, pta[0], pta[l]);

}

else if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[ k]
<pts[il, j1].Z || zlevels[k] < pts[iO, jO].Z
&% zl evel s[k] >= pts[il, j1].2) &
(zlevel s[k] >= pts[i0, jO].Z & zl evel s[k] <
pts[i2, j2].Z || zlevels[k] < pts[iO, jO].Z
&8 zl evel s[k] >= pts[i2, j2].2)

zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[il, j1].Z - pts[iO, jO].2);
pta[ 0] = cs2d. Poi nt 2D(new Poi nt F(pts[i 0, jO].X *
(1-zratio) + pts[il,j1].X * zratio,
pts[iO, jO].Y), cs);
zratio = (zlevels[k] - pts[iO, jO].2) /
(pts[i2, j2].Z - pts[iO, jO].2);
pta[ 1] = cs2d. Poi nt 2D( new Poi nt F(pts[i 0, jO].X *
(l-zratio) + pts[i2, j2].X *zratio,
pts[iO, jO].Y * (1l-zratio) +
pts[i2, j2].Y *zratio), cs);
g. DrawLi ne(aPen, pta[0], pta[l]);
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}

In this method, there are several parameters that can be used to control the appearance of a
contour chart. The most important parameter is the Nunber Cont our s property that determines
how many contour lines to be drawn. You can also specify the | sCol or Map property to
determine what kind of pen will be used to draw the contour lines. If this property is set to be
false, a single colored pen (the color specified by the Li neSt yl e property) is used to draw the
contour. On the other hand, if this property is set to be true, a color mapped pen is used, depending
on the values of the contour levels.

Testing Contour Charts

Contour charts can be tested by using the following code snippet of the For ni class:

usi ng System

usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2Db,
usi ng Syst em W ndows. For ns;

namespace Exanpl e6_3

public partial class Fornl : Form
{

ChartStyl e cs;

Chart Styl e2D cs2d,;

Dat aSeri es ds;

DrawChart dc;

Chart Functi ons cf;

Col or Map cm

publ i c Formi()
{

InitializeConponent();

this. SetStyle(Control Styl es. Al Pai nti ngl nWiPai nt |
Gontrol Styl es. UserPai nt |
Gontrol Styl es. Doubl eBuf fer, true);

this. SetStyl e(Control Styl es. Resi zeRedraw, true);

/1l Subscribing to a paint eventhandl er to draw ngPanel :
M ot Panel . Pai nt +=
new Pai nt Event Handl er (P ot Panel Pai nt);
cs = new Chart Styl e(this);
cs2d = new Chart Styl e2D(t hi s);

ds = new DataSeries();

dc = new DrawChart (this);
cf = new Chart Functions();
cm = new Col or Map() ;

cs. @idStyle. LineCol or = Col or. Li ght G ay;
cs.@idStyle. Pattern = DashStyl e. Dash;
cs.Title ="No Title";

cs.lsColorBar = fal se;
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cs2d. Chart BackCol or = Col or. Wi te;
cs2d. Chart Border Col or = Col or. Bl ack;

ds.LineStyle.lsVisible = fal se;
dc. Chart Type = DrawChart . Chart TypeEnum Cont our ;

dc. 1 sCol or Map = fal se;
dc. Nunber Cont ours = 15;

}
protected override voi d nPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
if (dc.ChartType == DrawChart . Chart TypeEnum XYCol or | |
dc. Chart Type == DrawChart . Chart TypeEnum Cont our | |
dc. Chart Type == DrawChart . Chart TypeEnum Fi | | Cont our)
{
Rectangle rect = this.dientRectangl e;
cs2d. Chart Area = new Rectangl e(rect. X, rect.Y,
rect. Wdth, 19 * rect. Height / 30);
cf . Peak3D(ds, cs);
cs2d. Set Pl ot Area(g, cs);
dc. AddCol orBar (g, ds, cs, cs2d);
}
}
private void Pl ot Panel Pai nt (obj ect sender, PaintEventArgs e)
{
Q aphi cs g = e. G aphi cs;
g. Snoot hi ngMbde = Snoot hi nghbde. Anti Al i as;
if (dc.ChartType == DrawChart . Chart TypeEnum XYCol or | |
dc. Chart Type == DrawChart . Chart TypeEnum Cont our | |
dc. Chart Type == DrawChart. Chart TypeEnum Fi | | Cont our)
{
cs2d. AddChart Styl e2( g, cs);
dc. AddChart (g, ds, cs, cs2d);
}
el se
{
cs.Hevation = trkH evati on. Val ue;
cs. Azimuth = trkAzi nut h. Val ue;
cf . Peak3D(ds, cs);
cs. AddChart Styl e(g);
dc. AddChart (g, ds, cs, cs2d);
}
}

}

This produces Figure 6-16, which has single colored contour lines.
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Figure 6-17 Color mapped contour chart.

You can also easily create a contour chart with color-mapped contouring lines by adding the
following code snippet:

cs. | sCol or Bar true;
dc. I sCol or Map = true;
dc. Ovap = cm Jet ();

This generates Figure 6-17.
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Filled Contour Charts

You can also create a filled contour chart by combining the contour chart and the X-Y color chart
together, as implemented in the AddChar t method of the Dr awChart class:

case Chart TypeEnum Fi | | Cont our :
AddXYCol or (g, ds, cs, cs2d);
AddCont our (g, ds, cs, cs2d);
br eak;

Here we first draw the X-Y color chart and then the contour. This can be tested by using the same
code for For ml as we did for the contour chart, except for the changes in the following code
snippet:

dc. Chart Type = DrawChart. Chart TypeEnum Fi | | Cont our ;

dc.Islnterp = true;
dc. Nunberinterp = 5;

Here we set the chart type to Fi | | Cont our, and use the interpolated color shading to draw the
X-Y color chart. Running this project, you obtain the output of Figure 6-18.

3 811
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]
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Figure 6-18 A filled contour chart.

Combination Charts

Combination charts are a useful way to exploit the informative properties of various types of
graphics charting methods. In this section, we will show you only three examples of typical
combination charts: mesh-contour, surface-contour, and surface-filled contour plots. By using a
similar approach, you can easily create your own combination plots.

Notice that when discussing contour and the X-Y color charts in previous sections, we draw these
charts directly on the 2D computer screen. However, in order to combine a contour or X-Y color
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chart with a 3D mesh or surface chart, we must modify the original 2D contour and X-Y color
chart to be consistent with the 3D coordinate system used in the mesh and surface chart.

X-Y Charts in 3D

In creating original 2D X-Y charts, we transform the world to device coordinates by directly using
the X and Y components of the data points and neglecting the Z component. In order to add the
3D feature to X-Y charts, you must perform an orthogonal projection transformation on the X and
Y components of the data points at a constant Z value (the projection plane where the X-Y color
chart is drawn) using the transformation matrix defined in the Matri x3 class. The
AddXYCol or 3D method in the Dr awChart class is implemented in this manner:

private voi d AddXYCol or 3D( G aphi cs g, DataSeries ds,
ChartStyle cs, Chart Styl e2D cs2d)
{

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or,
ds. Li neStyl e. Thi ckness) ;
aPen. DashStyl e = ds. Li neStyl e. Pattern;
Sol i dBrush aBrush = new Sol i dBrush(Col or. Wite);

Point F[] pta = new Poi nt F[ 4] ;
Point3[,] pts = ds. Poi nt Array;
Point3[,] ptsl = new Point3[pts. GetLength(0), pts.Getlength(1)];
Point3[,] pts2 = new Point3[ pts. GetLength(0), pts.CGetlength(1)];
Matrix3 m= Matrix3. Azi nut hEl evati on(cs. B evation, cs. Azi nuth);

/] Find the m numum and maxi mum z val ues:
float zmn = ds. ZDataM n();
float zmax = ds. ZDat aMax();

/1 Performtransformation on points:

for (int i =0; i < pts.GetLength(0); i++)
{
for (int j =0; j < pts.CGetLength(1l); j++)
{
/1 Nake a deep copy the points array:
ptsi[i, j] = new Point3(pts[i, j].X
pts[i, j].Y, ¢s.ZMn, 1);
pts2[i, j] = new Point3(pts[i, j].X
pts[i, j].Y, ¢s.ZMn, 1);
ptsi[i, j].Transforn{m forni, cs);
}
}
/!l Draw surface on the XY pl ane:
if (!lslnterp)
{
for (int i =0; i <pts.GetlLength(0) - 1; i++)

for (int j =0; j < pts.GetLength(1l) - 1; j++)

pta[0] = new Poi nt F(ptsi[i, j].X ptsi[i, j].Y);
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pta[1l] = new PointF(ptsi[i, j + 1].X
ptsi[i, j +1].Y);
pta[2] = new Point F(ptsi[i + 1, j + 1].X
ptsi[i + 1, j +1].Y);
pta[3] = new Poi nt F(ptsi[i + 1, j].X
ptsi[i + 1, j].Y);
Col or col or = AddCol or(cs, pts[i, j], zmn, zmax);
aBrush = new Sol i dBrush(col or);
g. Fi || Pol ygon(aBrush, pta);
if (ds.LineStyle.lsMsible)

g. DrawPol ygon(aPen, pta);

}

// Draw refined surface:
else if (Islnterp)

for (int i =0; i <ptsl GtlLength(0) - 1; i++)
{
for (int j =0; j < ptsl. Getlength(l) - 1; j++)
{
Poi nt 3[] poi nts = new Poi nt 3[ 4] ;
poi nts[O] = pts[i, jI;
points[1] = pts[i, j + 1];
points[2] = pts[i + 1, j + 1];
points[3] =pts[i + 1, j];
Interp(g, cs, cs2d, m points, zmn, zmax, 3);
}

}

You can see that the transformation is indeed performed on the data points at a constant Z =
CS. ZM n using the elevation-azimuth transformation matrix. This indicates that we will draw the
X-Y color chart onthe Z = ¢s. ZM n plane.

Contour Charts in 3D

Similarly, in order to combine the contour chart with the 3D mesh and surface charts, you must
create a contour chart that is consistent with the 3D coordinate system. The following code listing
is for the AddCont our 3D method in the Dr awChar t class:

private voi d AddCont our 3D( G aphi cs g, DataSeries ds,
ChartStyle cs, ChartStyl e2D cs2d)
{

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or, ds. LineStyl e. Thi ckness);
aPen. DashStyl e = ds. Li neStyl e. Pattern;

Point3[] pta = new Point3[2];

Point3[,] pts = ds. Poi nt Array;

Matrix3 m= Matrix3. Azi nut hEl evati on(cs. B evation, cs.Azinuth);
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/1 Find the m nunumand nmaxi numz val ues:
float zmn = ds. ZDataM n();

float zmax = ds. ZDat aMax();

float[] zlevels = new fl oat[ nunber Cont ours] ;
for (int i =0; i < nunberContours; i++)

zlevel s[i] =zmn +i * (zmax - znin) / (nunberContours - 1);

}

int i0, i1, i2, jO, j1, j2
float zratio = 1;
/1 Draw contour on the XY pl ane:
for (int i =0; i <pts.GtlLength(0) - 1; i++)
{
for (int j =0; j < pts.CGetLength(1l) - 1; j++)

for (int k =0; k < nunberContours; k++)

{
/1l Left triangle:
i0=i;
10 =1
il1=1i,
jlr=j + 1
i2=1i+1,
j2=j +1
if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[k] <
pts[il, j1].Z || zlevel s[k] < pts[iO, jO].Z
&% zl evel s[k] >= pts[il, j1].2) &&
(zlevel s[k] >= pts[il, j1].Z & zl evel s[K]
<pts[i2, j2].Z || zlevels[k] <pts[il, j1].Z
&8 zl evel s[k] >= pts[i2, j2].2)
{
zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[il, j1].Z - pts[iO, jO].2);
pta[0] = new Point3(pts[iO, jO].X (1 - zratio) *
pts[iO, jO].Y + zratio * pts[il, j1].Y,
cs.ZMn, 1);
zratio = (zlevels[k] - pts[il, j1].2) /
(pts[i2, j2].Z - pts[il, j1].2);
pta[1] = new Point3((1 - zratio) *
pts[il, j1].X + zratio * pts[i2, j2].X
pts[il, j1].Y, cs.ZMn, 1);
pta[0]. Transform(m fornl, cs);
pta[1]. Transform(m forml, cs);
g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X
} pta[1].V);

else if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[ k]
<pts[i2, j2].Z || zlevels[k] <pts[iO, jO].Z
&& zl evel s[k] >= pts[i2, j2].2) &&
(zlevel s[k] >= pts[il, j1].Z &k zl evel s[K]
< pts[i2, j2].Z || zlevels[k] < pts[il, j1].Z
&& zl evel s[k] >= pts[i2, j2].2))
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zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[i2, j2].Z - pts[iO, jO].2);

pta[0] = new Point3((1 - zratio) *
pts[iO, jO].X + zratio * pts[i2, j2].X
(1 - zratio) * pts[iO, jO].Y +
zratio * pts[i2, j2].Y, cs.ZMn, 1);

zratio = (zlevels[k] - pts[il, j1].2) [/
(pts[i2, j2].Z - pts[il, j1].2);

pta[1] = new Point3((1 - zratio) *
pts[il, j1].X + zratio * pts[i2, j2].X
pts[il, j1].Y, cs.ZMn, 1);

pta[0]. Transform{m fornl, cs);

pta[1]. Transform{(m fornil, cs);

g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X
pta[1].V);

}

else if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[ k]
<pts[il, j1].Z || zlevels[k] < pts[iO, jO].Z
&& zl evel s[k] >= pts[il, j1].2) &&
(zlevel s[k] >= pts[i0, jO].Z &k zl evel s[K]
< pts[i2, j2].Z || zlevels[k] < pts[iO, jO].Z
&& zl evel s[k] >= pts[i2, j2].2))

{
zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[il, j1].Z - pts[iO, jO].2);
pta[0] = new Point3(pts[iO, jO].X (1 - zratio) *
pts[iO, jO].Y + zratio * pts[il, j1].Y,
cs.ZMn, 1);
zratio = (zlevels[k] - pts[iO, jO].2) /
(pts[i2, j2].Z - pts[iO, jO].2);
pta[1] = new Point3(pts[iO, jO].X *
(1 - zratio) + pts[i2, j2].X* zratio,
pts[iO, jO].Y * (1 - zratio) +
pts[i2, j2].Y * zratio, cs.ZMn, 1);
pta[0]. Transform{(m fornil, cs);
pta[1]. Transform(m fornil, cs);
g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X
pta[1].V);
}
/1 right triangle:
i0=i;
jo=1j;
il1=1i +1;
i1=1i;
i2=1i+1;
j2=j +1
if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[k] <

pts[il, j1].Z || zlevels[k] < pts[iO, jO].Z
&& zl evel s[k] >= pts[il, j1].2) &&

(zlevel s[k] >=pts[il, j1].Z &k zl evel s[K]

< pts[i2, j2].Z || zlevels[k] < pts[il, j1].Z
&& zl evel s[k] >= pts[i2, j2].2))
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{
zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[il, j1].Z - pts[iO, jO].2);
pta[0] = new Point3(pts[i0, jO].X*
(1 - zratio) + pts[il, j1].X * zratio,
pts[iO, jO].Y, ¢cs.ZMn, 1);
zratio = (zlevels[k] - pts[il, j1].2) /
(pts[i2, j2].Z2 - pts[il, j1].2);
pta[1] = new Point3(pts[il, j1].X pts[il, j1].Y *
(1 - zratio) + pts[i2, j2].Y * zratio,
cs.ZMn, 1);
pta[0]. Transform(m fornil, cs);
pta[1]. Transform{m fornl, cs);
g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X
| pta[1].Y);

else if ((zlevels[k] >= pts[iO, jO].Z && zl evel s[ k]
< pts[i2, j2].Z || zlevels[k] < pts[iO, jO].Z
&& zl evel s[k] >= pts[i2, j2].2) &&
(zlevel s[k] >= pts[il, j1].Z & zlevel s[k] <
pts[i2, j2].Z || zlevels[k] < pts[il, j1].Z
&& zl evel s[k] >= pts[i2, j2].2))

zratio = (zlevels[k] - pts[iO, jO].2) /
(pts[i2, j2].Z - pts[iO, jO].2);
pta[0] = new Point3(pts[iO, jO].X*
(1 - zratio) + pts[i2, j2].X* zratio,
pts[iO, jO].Y * (1 - zratio) +
pts[i2, j2].Y * zratio, cs.ZMn, 1);
zratio = (zlevels[k] - pts[il, j1].2) /
(pts[i2, j2].Z - pts[il, j1].2);
pta[1] = new Point3(pts[il, j1].X
pts[il, j1].Y * (1 - zratio) +
pts[i2, j2].Y * zratio, cs.ZMn, 1);
pta[0]. Transform{(m fornil, cs);
pta[1]. Transform{(m fornil, cs);
g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X pta[l].V);

}

else if ((zlevels[k] >= pts[iO, jO].Z & zl evel s[ k]
<pts[il, j1].Z || zlevels[k] < pts[iO, jO].Z
&% zl evel s[k] >= pts[il, j1].2) &
(zlevel s[k] >= pts[i0, jO].Z & zl evel s[k] <
pts[i2, j2].Z || zlevels[k] < pts[iO, jO].Z
&& zl evel s[k] >= pts[i2, j2].2))

zratio = (zlevel s[k] - pts[iO, jO].2) /
(pts[il, j1].Z - pts[iO, jO].2);
pta[0] = new Point3(pts[i0, jO].X*
(1 - zratio) + pts[il, j1].X * zratio,
pts[iO, jO].Y, ¢cs.ZMn, 1);
zratio = (zlevels[k] - pts[iO, jO].2) /
(pts[i2, j2].Z - pts[iO, jO].2);
pta[1] = new Point3(pts[iO, jO].X*
(1 - zratio) + pts[i2, j2].X* zratio,
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pts[iO, jO].Y * (1 - zratio) +
pts[i2, j2].Y * zratio, cs.ZMn, 1);
pta[0]. Transform(m fornml, cs);
pta[1]. Transform(m fornl, cs);
g. DrawLi ne(aPen, pta[0].X pta[0].Y, pta[l].X
pta[1].YV);

}

}
aPen. D spose() ;
}

In this method, we draw the contour onthe Z = ¢sS. Zmi n plane.

Mesh-Contour Charts

It is easy to create a mesh-contour combination chart by successively using the AddCont our 3D
and AddMesh methods. Within the AddChart method in the Dr awChart class, add the
following code snippet:

case Chart TypeEnum MeshCont our :
AddCont our 30(g, ds, cs, cs2d);
AddMesh(g, ds, cs);
AddCol orBar (g, ds, cs, cs2d);
br eak;

You can test this project by setting the chart type to a mesh-contour chart in the For mil class:
dc. Chart Type = DrawChart. Chart TypeEnum MeshCont our ;
This produces Figure 6-19.
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Figure 6-19 A mesh-contour chart.
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Figure 6-20 A surface-contour chart.

Surface-Contour Charts

Similarly, you can easily create surface-contour charts. Within the AddChart method in the
Dr awChart class, add the following lines:
case Chart TypeEnum Sur f aceCont our :
AddCont our 3 g, ds, cs, cs2d);
AddSur face(g, ds, cs, cs2d);

AddCol orBar (g, ds, cs, cs2d);
br eak;

In the For mil class, set the chart type to Surface-Contour:
dc. Chart Type = DrawChart. Chart TypeEnum Sur f aceCont our ;

This creates the result shown in Figure 6-20.

Surface-Filled-Contour Charts

The surface-filled contour chart is created by combining the surface chart with the X-Y color and
contour charts. Within the AddChart method in the Dr awChart class, add the following code

snippet:

case Chart TypeEnum Sur f aceFi | | Cont our :
AddXYCol or30(g, ds, cs, cs2d);
AddCont our 3D(g, ds, cs, cs2d);
AddSurface(g, ds, cs, cs2d);
AddCol orBar (g, ds, cs, cs2d);
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br eak;

In the For miL class, set the chart type to surface-filled contour:
dc. Chart Type = DrawChart . Chart TypeEnum Sur f aceFi | | Cont our ;
This creates the result shown in Figure 6-21.
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Figure 6-21 A surface-filled contour chart.

3D Bar Charts

Using the same data series as we did in the mesh and surface charts, we can also create 3D bar
charts. A 3D bar can be constructed in 3D space, as shown in Figure 6-22.

Suppose there is a data point (x, y, z) in 3D space. We can define a 3D bar around this point by
specifying 3 parameters: zorigin, xlength, and ylength. The parameter zorigin defines the Z =
zorigin plane from which the 3D bar is filled, while the parameters xlength and ylength set the
size of the 3D bar in the X and Y direction. These length parameters are measured as a percentage
of the total amount of space available. In this book, we set these parameters to be in the range [0.1,
0.5]. If setting xlength = ylength = 0.5, you will obtain the so-called histogram bar chart, namely,
each bar fills the space up to its adjoining bars.
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Figure 6-22 A 3D bar defined in 3D space.

Implementation
First we need to add a Bar St y| e class to our C# project Example6_3:
usi ng System

usi ng System Drawi ng;
namespace Exanpl e6_3

public class BarStyle

{
private float xLength = 0. 5f;
private float yLength = 0.5f;
private float zOigin = 0;

private bool isBarSingleColor = true;

public BarStyle()
{

}

publ i c bool |sBarSingl eCol or

{
get { reture isBarS ngleColor; }

set { isBarSi ngleColor = value; }
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}

This class is very simple. We define the field members and their corresponding properties that
allow you to control the appearance and size of 3D bars in 3D space. The bool property
| sBar Si ngl eCol or lets you specify whether the bars are drawn with a single color or color
map. Next, we need to create an AddBar 3D method in the Dr awChart class:

public float ZCrigin

{
get { return zQrigin; }
set { zQigin =value; }
}
public float YLength
{
get { return yLength; }
set { yLength = value; }
}
public float XLength
{
get { return xLength; }
set { xLength = value; }
}

private voi d AddBar 3D( G aphi cs g, DataSeries ds,

{

ChartStyle cs, Chart Styl e2D cs2d)

Matrix3 m= Matrix3. Azi nut hEl evati on(cs. BH evation, cs.Azinuth);

Point F[] pt = new Point F[ 4];
Point3[,] pts = ds. Poi nt Array;

// Find the mnumum and naxi rum z val ues:
float zmn = ds. ZDataM n();
float zmax = ds. ZDat aMax();

/1 Check paraneters:
float xlength = ds. Bar Styl e. XLengt h;
if (xlength <= 0)
xlength = 0. 1f * ds. XSpaci ng;
else if (xlength > 0.5f)
xlength = 0.5f * ds. XSpaci ng;
el se
xl ength = ds. Bar Styl e. XLength * ds. XSpaci ng;
float ylength = ds. BarStyl e. YLengt h;
if (ylength <= 0)
ylength = 0.1f * ds. YSpaci ng;
else if (ylength > 0.5f)
ylength = 0.5f * ds. YSpaci ng;
el se
ylength = ds. BarStyl e. YLength * ds. YSpaci ng;
float zorigin = ds.BarStyle. ZOigin;

/1 Draw 3D bars:
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for (int i =0; i <pts.CGetlLength(0) - 1; i++)
{
for (int j =0; j <pts.GetlLength(l) - 1; j++)
{
int ii =1i;
int jj =j;
if (cs.Azimuth >= -180 & cs. Azi nuth < -90)
{
ii = pts.GetlLength(0) - 2 - i;
=i
b . _
else if (cs.Azimuth >= -90 && cs. Azinuth < 0)
{
ii = pts.CGetLength(0) - 2 - i;
jj =pts.Getlength(l) - 2 - j;
}
else if (cs.Azimuith >= 0 && cs. Azi muth < 90)
L
=i
jj = pts.CGetLength(1l) - 2 - j;
else if (cs.Azimuth >= 90 && cs. Azi nuth <= 180)
{
=i
=
DrawBar (g, ds, cs, m pts[ii, jj], xlength, ylength,
zorigin, zmax, zmn);
}

}

In this method, we first examine whether the parameters provided by users are in the right ranges.
Then, we examine the order of drawing the bars according to the variations of the elevation and
azimuth angles, making sure that we always draw the bars in back-to-front (the Z-Order
approach). As mentioned previously, when drawn in this order, a bar can obscure only the bars
that have been drawn before it. When the program draws a bar, it fills it so that it covers up any
bars that it should obscure. Finally, this method calls another method, Dr awBar , that performs
the actual bar-drawing task:

private void DrawBar (G aphics g, DataSeries ds, ChartStyle cs,
Matrix3 m Point3 pt, float xlength, float ylength,
float zorign, float zmax, float zmn)

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or, ds. LineStyl e. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;

Col or col or = AddGol or(cs, pt, zmn, zmax);

Sol i dBrush aBrush = new Sol i dBrush(col or);

Point3[] pts = new Point3[8];

Point3[] ptsl = new Point3[8];

Point3[] pt3 = new Point3[4];

Point F[] pta = new Poi nt F[ 4] ;

pts[0] = new Point3(pt.X - xlength, pt.Y - ylength, zorign, 1);
pts[1] = new Point3(pt.X - xlength, pt.Y + ylength, zorign, 1);
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pts[2] = new Point3(pt.X + xlength, pt.Y + ylength, zorign, 1);
pts[3] = new Point3(pt. X + xlength, pt.Y - ylength, zorign, 1);
pts[4] = new Point3(pt. X + xlength, pt.Y - ylength, pt.Z 1);
pts[5] = new Point3(pt. X + xlength, pt.Y + ylength, pt.Z 1);
pts[6] = new Point3(pt.X - xlength, pt.Y + ylength, pt.zZ 1);
pts[7] = new Point3(pt.X - xlength, pt.Y - ylength, pt.ZzZ 1);
for (int i =0; i < pts.Length; i++)
{
ptsl[i] = new Point3(pts[i].X pts[i].Y, pts[i].Z 1);
pts[i].Transform(m fornl, cs);
int[] nconfigs = newint[8];
if (IsBarSingleColor)
{
pta[0] = new Point F(pts[4].X pts[4].VY);
pta[1] = new PointF(pts[5].X pts[5].VY);
pta[2] = new Point F(pts[6].X pts[6].VY);
pta[3] = new PointF(pts[7].X pts[7].VY);
g. Fi || Pol ygon(aBrush, pta);
g. DrawPol ygon(aPen, pta);
pta[0] = new Point F(pts[0].X pts[0].VY);
pta[1] = new PointF(pts[1].X pts[1].VY);
pta[2] = new PointF(pts[2].X pts[2].VY);
pta[3] = new Point F(pts[3].X pts[3].VY);
g. Fi Il Pol ygon(aBrush, pta);
g. DrawPol ygon(aPen, pta);
if (cs.Azimuth >= -180 & cs. Azi muth < -90)
{
nconfigs =newint[8 { 1, 2, 5, 6, 1, 0, 7, 6 };
}
else if (cs.Azimuth >= -90 & cs. Azimuth < 0)
{
nconfigs = newint[8 {1, 0, 7, 6, 0, 3, 4, 7 };
}
else if (cs.Azimuth >= 0 & cs. Azi muth < 90)
{
nconfigs = newint[8 { 0, 3, 4, 7, 2, 3, 4, 5};
}
else if (cs.Azimuth >= 90 && cs. Azi muth < 180)
{
nconfigs = newint[8 { 2, 3, 4 5, 1, 2, 5 6};
}
pta[0] = new Poi nt F(pts[nconfigs[0]].X pts[nconfigs[0]].Y);
pta[ 1] = new Poi nt F(pts[nconfigs[1]].X pts[nconfigs[1]].YVY);
pta[2] = new Poi nt F(pts[nconfigs[2]].X pts[nconfigs[2]].Y);
pta[ 3] = new Poi nt F(pts[nconfigs[3]].X pts[nconfigs[3]].VY);
g. Fi Il Pol ygon(aBrush, pta);
g. DrawPol ygon(aPen, pta);
pta[0] = new Poi nt F(pts[nconfigs[4]].X pts[nconfigs[4]].VY);
pta[ 1] = new Poi nt F(pts[nconfigs[5]].X pts[nconfigs[5]].VY);
pta[2] = new Poi nt F(pts[nconfigs[6]].X pts[nconfigs[6]].VY);
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pta[3] = new Poi nt F(pts[nconfigs[7]].X pts[nconfigs[7]].VY);
g. Fi || Pol ygon(aBrush, pta);
g. DrawPol ygon(aPen, pta);

}
else if (!lsBarS ngleColor &% |sCol or Map)

{

pta[0] = new PointF(pts[4].X pts[4].VY);
pta[1l] = new PointF(pts[5].X pts[5].VY);
pta[2] = new PointF(pts[6].X pts[6].VY);
pta[3] = new PointF(pts[7].X pts[7].Y);
g. Fi Il Pol ygon(aBrush, pta);

g. DrawPol ygon(aPen, pta);

pta[0] = new Point F(pts[0].X pts[0].VY);
pta[1] = new Point F(pts[1].X pts[1].Y);
pta[2] = new PointF(pts[2].X pts[2].V);
pta[3] = new PointF(pts[3].X pts[3].VY);
col or = AddCol or(cs, pts[0], zmn, znax);

aBrush = new Sol i dBrush(col or);
g. Fi || Pol ygon(aBrush, pta);
g. DrawPol ygon(aPen, pta);

float dz = (znmax - zmn) / 63;
if (pt.Z < zorign)

dz = -dz;
int nz=(int)((pt.Z - zorign) / dz) + 1,
if (nz <1)

nz = 1,

float z = zorign;

if (cs.Azimuth >= -180 & cs. Azi muth < -90)

{
nconfigs = newint[4] { 1, 2, 1, 0 };

}
else if (cs.Azimuth >= -90 & cs. Azimuth < 0)

{
nconfigs = newint[4] { 1, O, O, 3 };

}
else if (cs.Azimuth >= 0 & cs. Azi nuth < 90)
{

nconfigs = newint[4] { O, 3, 2, 31};

}
else if (cs.Azimuth >= 90 && cs. Azi nuth <= 180)

{

nconfigs = newint[4] { 2, 3, 1, 2 };
for (int i =0; i <nz; i++)
{

z = zorign + i * dz;

pt 3[0] = new Poi nt 3( pt s1[ nconfigs[0]]. X
ptsi[nconfigs[0]].Y, z, 1);

pt 3[ 1] = new Poi nt 3( pt s1[ nconfigs[1]]. X
ptsi[nconfigs[1]].Y, z, 1);

pt 3[2] = new Poi nt 3( pt s1[ nconfigs[1]]. X
ptsi[nconfigs[1]].Y, z + dz, 1);
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pt 3[ 3] = new Poi nt 3( pt s1[ nconfigs[0]]. X

ptsi[nconfigs[0]].Y, z + dz, 1);
for (int j =0; j < pt3.Length; j++)

pt3[j]. Transform(m forml, cs);

pta[0] = new PointF(pt3[0].X pt3[0].Y)
pta[1] = new Point F(pt3[1].X pt3[1].Y)
pta[2] = new PointF(pt3[2].X pt3[2].Y)
pta[3] = new PointF(pt3[3].X pt3[3].V)

color = AddGol or(cs, pt3[0], zmn, znmax);

aBrush = new Sol i dBrush(col or);
g. Fi Il Pol ygon(aBrush, pta);

}

pt3[0] = new Poi nt 3(ptsl[nconfigs[0]].X
ptsi[nconfigs[0]].Y, zorign, 1);

pt3[1] = new Poi nt3(ptsl[nconfigs[1]].X
ptsi[nconfigs[1]].Y, zorign, 1);

pt3[2] = new Point 3(ptsl[nconfigs[1]]. X
ptsi[nconfigs[1]].Y, pt.Z 1);

pt 3[ 3] = new Poi nt 3(ptsl[nconfigs[0]]. X
ptsi[nconfigs[0]].Y, pt.Z 1);

for (int j =0; j <pt3.Length; j++)

pt3[j]. Transforn{m fornl, cs);

pta[0] = new Point F(pt3[0].X pt3[0].VY);
pta[1l] = new PointF(pt3[1].X pt3[1].VY);
pta[2] = new PointF(pt3[2].X pt3[2].Y);
pta[3] = new PointF(pt3[3].X pt3[3].VY);
g. DrawPol ygon(aPen, pta);

for (int i =0; i <nz; i++)

{

z = zorign + i * dz;

pt3[0] = new Point 3(ptsi[nconfigs[2]].X
ptsi[nconfigs[2]].Y, z, 1);

pt 3[ 1] = new Poi nt 3( pt s1[ nconfigs[3]]. X
ptsi[nconfigs[3]].Y, z, 1);

pt 3[2] = new Poi nt 3( pt s1[ nconfigs[3]]. X
ptsi[nconfigs[3]].Y, z + dz, 1);

pt3[3] = new Point3(ptsi[nconfigs[2]].X
ptsi[nconfigs[2]].Y, z + dz, 1);

for (int j =0; j < pt3.Length; j++)

pt3[j]. Transform(m forml, cs);

pta[0] = new PointF(pt3[0].X pt3[0].VY);
pta[l] = new PointF(pt3[1].X pt3[1].VY);
pta[2] = new PointF(pt3[2].X pt3[2].VY);

pta[3] = new PointF(pt3[3].X pt3[3].V);
color = AddGol or(cs, pt3[0], zmn, zmax);
aBrush = new Sol i dBrush(col or);

g. Fi I'| Pol ygon(aBrush, pta);
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pt 3[0] = new Poi nt 3(pt s1[ nconfigs[2]]. X
ptsi[nconfigs[2]].Y, zorign, 1);

pt 3[1] = new Poi nt 3(pt s1[ nconfigs[3]]. X
ptsi[nconfigs[3]].Y, zorign, 1);

pt3[2] = new Point 3(ptsl[nconfigs[3]].X
ptsi[nconfigs[3]].Y, pt.Z, 1);

pt 3[ 3] = new Poi nt 3(ptsl[ nconfigs[2]].X
ptsi[nconfigs[2]].Y, pt.Z 1);

for (int j =0; j < pt3.Length; j++)

pt3[j]. Transforn{m formnl, cs);

pta[0] = new Point F(pt3[0].X pt3[0].VY);
pta[1] = new PointF(pt3[1].X pt3[1].V);
pta[2] = new PointF(pt3[2].X pt3[2].V);
pta[3] = new PointF(pt3[3].X pt3[3].V);

g. DrawPol ygon(aPen, pta);

}

aPen. D spose() ;

aBrush. Di spose();
}

In this method, we first create eight vertices of a 3D bar using a single data point, xlength,
ylength, and zorigin parameters. We then perform an orthogonal projection transformation on
these vertices using the azimuth-elevation matrix. Next, we consider two cases separately:
drawing bars with a single color or a color map. For each case, we examine which faces should be
drawn, depending on the elevation and azimuth angles. In the case of a single color, the color of a
bar is determined by the Z value of the input point, while in the case of a color map, each bar is
color mapped linearly from the Z value of its input point to the zorigin.

We also need to add the following code fragment to the AddChar t method in the Dr awChar t
class:

case Chart TypeEnum Bar 3D
AddBar 3D(g, ds, cs, cs2d);
AddCol or Bar (g, ds, cs, cs2d) ;
br eak;

Testing 3D Bar Charts

The following code snippet of the For mil class can be used to test the 3D bar chart:

ds.BarStyl e. XLength = 0. 3f;

ds.BarStyl e. YLength = 0. 3f;

ds. BarStyl e. I sBar Si ngl eCol or = true;
ds.BarStyle. ZOigin = ¢cs.ZMn;

dc. Chart Type = DrawChart. Chart TypeEnum Bar 3D,

Here we set the XI engt h =Yl engt h=0.3, and ZOri gi n=cs. ZM n. We draw the bars with
a single color because we set the parameter | sBar Si ngl eCol or to t r ue. This produces the
output of Figure 6-23.

If you set the property |sBarSi ngleColor to fal se:
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Figure 6-23 A single colored 3D bar chart.
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Figure 6-24 A color mapped 3D bar chart.

ds. Bar Styl e. I sBar Si ngl eCol or = fal se;
you will obtain a color mapped 3D bar chart, as shown in Figure 6-24.

You can also change the ZOri gi n property. Figure 6-25 is created by setting the ZOri gi n
property to zero:
ds.BarStyle. ZOigin = 0O;
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Figure 6-25 A color mapped 3D bar chart with ZOrigin = 0.

Slice Charts

In some cases, 3D surface charts or contour plots might not be a sufficient representation for
visualizing your data sets. For example, if you want to determine the heat transfer or density
characteristics of a solid object, you probably need a slice chart. A slice chart allows you to plot
slices of the volume data on projection planes.

In discussing the Poi nt 4 class previously, we defined a 4D point to represent a value defined on
the position of the X, Y, and Z. Using the Poi nt 4 class, we can easily create volume data. For a
slice chart application, we only need scalar volume data that contains single values for each 3D
grid point.

Now, we will look at how to create a slice plane to view this scalar volume data.

Implementation

For simplicity, here we only consider three slices: xslice, yslice, and zslice. The xslice, yslice, or
zslice is created on the X, Y, or Z = const ant plane in 3D coordinate space, respectively. We
need to add some field members and their corresponding properties to the Dr awChart class to
manage the slice chart:

private SiceEnumxyzSice = SiceEnum XS i ce;
private float slicelocation = 0;
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public float Slicelocation

{
get { return slicelocation; }
set { slicelLocation = value; }
}
public S iceEnum XYZSl i ce
{
get { return xyzSlice; }
set { xyzSice = value; }
}
public enum Sli ceEnum
{
XSice,
YSice,
ZSice
}

We define the XYZSI i ce property using the Sl i ceEnum enumeration, which allows you to
select which slice you want to create. Another property, Sl i ceLocat i on, specifies the position
where the slice will be created. Then, we need to add the AddS| i ce method to the Dr awChar t
class:

private void AddS i ce(Gaphics g, DataSeries ds, ChartStyle cs,
Chart Styl e2D cs2d)
{

Pen aPen = new Pen(ds. Li neStyl e. Li neCol or, ds. LineStyl e. Thi ckness);
aPen. DashStyl e = ds. LineStyl e. Pattern;

Sol i dBrush aBrush = new Sol i dBrush( Col or. Bl ack);

Point4[, ,] pts = ds. Poi nt4Array;

Point F[] pta = new Poi nt F[ 4] ;

Matrix3 m= Matrix3. Azi nut hEl evati on(cs. B evation, cs.Azinuth);

/] Find the m numum and maxi mumv val ues:
float vmin = ds. VDataMn();
float vmax = ds. VDat aMax();

/1 Performtransfornation on points:
for (int i =0; i < pts.CGetLength(0); i++)

for (int j =0; j < pts.CGetLength(1l); j++)

for (int k =0; k < pts.GetLength(2); k+t)
{
K] . poi nt 3. Transforn{m forml, cs);

pts[i, j,
j, kl.point3.Z = pts[i, j, k].V,

pts[i,

}

/1 Select slice:
if (XYZSice == SiceEnum Xdice)
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/! Exanmine the inputer paraneters:
if (SliceLocation < cs.XMn)

Sicelocation = ¢cs. XM n;
if (SliceLocation > cs. XMVax)
Sicelocation = cs. XMax;

int nfix = (int)((SiceLocation - ds.XbataMn) /
ds. XSpaci ng) + 1;
for (int j =0; j <pts.GetlLength(1)-1; j++)

for (int k =0; k < pts.GetLength(2) - 1; k++)

{
pta[0] = new Poi nt F(pts[nfix, j, K].point3.X
pts[nfix, j, k].point3.Y);
pta[1] = new Poi nt F(pts[nfix, j+1, Kk].point3.X
pts[nfix, j+1, k].point3.Y);
pta[2] = new Poi nt F(pts[nfix, j+1, k+1].point3.X
pts[nfix, j+1, k+1].point3.Y);
pta[3] = new PointF(pts[nfix, j, k+1].point3.X
pts[nfix, j, k+1].point3.Y);
Col or col or = AddGol or(cs, pts[nfix, j, Kk].point3,
vmn, vnax);
aBrush = new Sol i dBrush(col or);
g. Fi Il Pol ygon(aBrush, pta);
if (ds.LineStyle.lsVisible)
{
g. DrawPol ygon(aPen, pta);
}
}
}
}
else if (XYZSlice == SiceEnumYS i ce)
if (SliceLocation < cs.YMn)
Slicelocation = cs. YMn;
if (SliceLocation > cs.YMVax)
Slicelocation = cs. YMax;

int nfix = (int)((SiceLocation - ds.YDataMn) /
ds. YSpaci ng) + 1;
for (int i =0; i < pts.GetLength(0) - 1; i++)

for (int k
{

0; k < pts.GetLength(2) - 1; k++)

pta[0] = new PointF(pts[i, nfix, k].point3.X
pts[i, nfix, k].point3.Y);
pta[1] = new Poi nt F(pts[i + 1, nfix, Kk].point3.X

pts[i + 1, nfix, k].point3.Y);

pta[2] = new PointF(pts[i + 1, nfix, k + 1].point3.X
pts[i + 1, nfix, k + 1].point3.V);

pta[3] = new PointF(pts[i, nfix, k + 1].point3.X
pts[i, nfix, k + 1].point3.Y);

Gol or col or = AddGol or(cs, pts[i,nfix, k].point3,
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vmn, vnax);

aBrush = new Sol i dBrush(col or);
g. Fi Il Pol ygon(aBrush, pta);
if (ds.LineStyle.lsVisible)

{
}

g. DrawPol ygon(aPen, pta);

}
}
else if (XYZSlice == SiceEnumZS i ce)

if (SliceLocation < cs.ZMn)
Slicelocation = cs.ZMn;
if (SliceLocation > cs.ZMax)
Slicelocation = cs. ZMax;
int nfix = (int)((SiceLocation - ds.ZzZDataMn) /
ds. ZSpaci ng) + 1;

for (int i =0; i <pts.GetlLength(0) - 1; i++)
{
for (int j =0; j <pts.GetlLength(l) - 1; j++)
{
pta[0] = new Poi ntF(pts[i, j,nfix].point3.X
pts[i,j, nfix].point3.Y);
pta[1l] = new PointF(pts[i + 1, j,nfix].point3.X
pts[i + 1,j, nfix].point3.Y);
pta[2] = new Poi nt F(pts[i + 1, j+1,nfix].point3.X
pts[i + 1,j+1, nfix].point3.Y);
pta[3] = new Poi nt F(pts[i, j+1,nfix].point3.X
pts[i, j+1,nfix].point3.Y);
Gl or color = AddCol or (cs, pts[i, j,nfix].point3,
vmn, vhax);
aBrush = new Sol i dBrush(col or);
g. Fi | | Pol ygon(aBrush, pta);
if (ds.LineStyle.lsVsible)
{
g. DrawPol ygon(aPen, pta);
}
}

}

}

aPen. D spose();

aBrush. D spose();
}

In this method, we implement the XSl i ce, YSI i ce, and ZSl i ce separately. For each case, we
first examine the Sl i ceLocat i on property to see if it is within the valid parameter range. Then
we draw the polygons using the Z-Order approach.

Testing Slice Charts

In order to test your slice charts, you need to add the following code fragment to the For mil class:
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Figure 6-26 A slice chart at X = 0.5 plane.
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Figure 6-27 A slice chart at Z = 1 plane without gridlines.

dc. Chart Type = DrawChart. Chart TypeEnum S i ce;
dc. Qvap = cmJet ();

dc. XYZS i ce = DrawChart. Sl i ceEnum XS i ce;

dc. S icelLocation = 0.5f;

You also need to change the chart function within both the OnPai nt and Pl ot Panel Pai nt
methods:

cf . Exp4D(ds, cs);
This produces the XSlice chart shown in Figure 6-26.

You can also create a slice chart without gridlines using the following code snippet:

ds.LineStyle.lsVisible = fal se;
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dc. XYZS ice = DrawChart. S i ceEnum ZS i ce;
dc. SlicelLocation = 1;

This generates a ZSlice chart at Z = 1 plane without drawing gridlines, as shown in Figure 6-27.



Charts and User
Controls

In the previous chapters, we directly implemented the source code for all of the classes in our
graphics and chart programs. For simple applications, this approach works well. However, if you
want to reuse the same code in multiple-form applications, you should avoid using this method.
The .NET framework and C# provide a powerful means, the user control, to solve this problem.

The custom user controls in a Windows form are just like the simple buttons or text boxes already
provided with .NET. Typically, the controls you design are to be used in multiple forms or
modularize your code. These custom controls can reduce the amount of code you have to type, as
well as make it easier for you to change the implementation. There is no reason to duplicate code
in your applications because this leaves a lot of room for bugs, which makes it a good
programming practice to create functionality specific to the user control in the control's source
code, which can reduce code duplication and modularize your code.

Custom user controls are a key theme in .NET development. They can greatly enhance your
programming style by improving encapsulation, simplifying a programming model, and making
the user interface more pluggable. Of course, custom controls can also have other benefits,
including the ability to transform a generic window into a state-of-the-art modern interface.

379
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In this chapter, I will show you how to put the chart and graphics applications we developed
previously into a custom user control, and how to use such a control in C# applications. This
chapter begins by explaining the basics of the custom user controls in a C# Windows application,
including how to provide design-time support to the controls. Then, the chapter describes the
detailed procedure in creating custom user controls for 2D and 3D chart applications, and
demonstrates how to use these controls in your real-world C# applications using examples.

User Control Basics

The C# developers often make a distinction between the different types of controls provided by
C# and .NET. The user control is the simplest type of control, and inherits from the
Syst em W ndows. For ns. User Cont r ol class. This kind of control is a collection of
Windows Forms controls encapsulated in a common container. The user control holds all of the
inherent functionality associated with each of the contained Windows Forms controls and enables
you to selectively expose and bind their properties. It also provides a great deal of default
keyboard handling functionality without extra development effort on the programmer’s part.

Another type of control is called the inherited control, which is inherited directly from any
existing Windows Forms control. With this control, you can retain all of the inherent functionality
of a Windows Forms control, then extend that functionality by adding custom properties, methods,
or other features. Basically, you choose an existing .NET control that is closest to what you want
to provide. Then, you derive a custom class that overrides or adds your own properties and
methods.

The other way to create a custom control is to create one from scratch by inheriting from the
base class, Syst em W ndows. For ns. Cont r ol . This basic class provides all of the basic
functionality required by controls, including mouse and keyboard handling events, but no
associated control-specific functionality or graphical interface. Creating such a custom control by
inheriting from the Control class requires much more effort than inheriting from the
User Control class or an existing Windows Forms control. Because a great deal of
implementation is left up to you, your control can have greater flexibility than a user control or
inherited control, and you can tailor your control to suit your exact needs.

In this chapter, we create user controls for graphics and chart applications that are inherited from
the User Cont r ol class.

Design Time Support

As mentioned previously, user controls are reusable components that encapsulate user interface
functionality and are used in client-side Windows-based applications. Windows Forms provides
the basic framework for developing your own custom user controls.

The design time support architecture allows you to develop customized design-time extensions
which you can use to configure the properties of your user controls. You may often encounter the
situation where, while developing a custom user control, you need to provide the user interface for
modifying its properties at design time.

C# and .NET provide interfaces used to implement customized design time support. There are
three approaches to perform this task: Ul TypeEdi t or, TypeConverter, and Desi gner.
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Ul TypeEdi t or allows you to provide a custom user interface for editing the value of a property
of the user control. It also allows you to display a visual representation of the current value in the
properties window. For example, the Dock, Anchor, and For eCol or properties of the C#
controls provide a user interface for supplying and setting their values. These are called
Property Editors. Figure 7-1 shows the For eCol or property, which provides the user
with an interface-based property editing mechanism, accessed by a dropdown arrow in the
property browser. You can use the Ul TypeEdit or class to create such interfaces for the
properties of your custom user controls. Property Editors are generally displayed in the
drop-down area inside the properties window itself. You can also make them appear as modal
windows.

Properties -« 0 X

Form1 System.Windows, Forms.Form -

Ez- | A 5=

sbl[a]~

Font: Microsaft Sans Serif, 8.25pk LS
ForeColor Bl cCortrolText v
FormBorder Style Custom |Weh || System

igridSize 000 | e =

HelpButton |_|_ |_ |_ |_ |_ |_ |_
@i B (eimininl 1
IsMdiContainer |_ |i |_ |— |— |— |i |i
KeyPreview |i |i |i |_ |i |i |i |i
Locdbtl EEEEEEEE
ForeColor |i |i |i |i |i |i |i |i
The Foreground color of this |— |— |— |— |— |_ |_ |_

ENEEEEEE

Figure 7-1 For eCol or property.

TypeConvert er can be used to convert your values between data types. It also provides logic
for the configuration of a property in the property browser. You might notice in the property
browser that some properties, such as Font , Si ze, etc., return objects instead of scalar values,
and that these properties are displayed in the property browser with a "+" sign. Figure 7-2 shows
the Font property with the “+” sign. If user controls contain any properties that return objects
(Font , Poi nt, Locat i on, Si ze) then they will inherit the same kind of behavior. However, if
your custom controls contain any property that returns a custom object, you need to create a
custom TypeConverter class to perform this task. In this chapter, I will show you how to
implement chart user controls using a custom TypeConverter.
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Figure 7-2 Font Property.

Finally, you can also use Desi gner s to provide design-time support. C# and .NET Framework
provide interfaces, classes, and attributes for design-time support. The | Desi gner interface
allows you to create designer classes that provide logic that can adjust the appearance or behavior
of a type at design time. The | Desi gner interface has a read-only Ver bs property which
allows you to create custom menu commands and hyperlinks. This property returns a
Desi gner Ver bCol | ecti on containing the Desi gner Ver b objects for generating menu
commands. The Cont r ol Desi gner class allows you to create custom designers which can be
sited on the form.

Event Handling

Because the basic .NET controls are contained within your user control, events are not fired for
the contained applications. In this regard, the user control is treated like any other control and
must implement its own properties and events.

For example, if a button is embedded in a Windows Form, in order to receive a button click
notification, you simply hook up an event handler to the button's C i ck event. However, if a
button is embedded in a user control, how do you add an event handler to this button? Adding a
notification handler to that user control's O i ck event will notify your event handler only if that
control is clicked. In fact, there is little need to be notified when the mouse is clicked over a user
control.

Event handlers are normally assigned across one level of the control hierarchy, from the For m
directly to a button or from a user control directly to a button. To assign an event handler from a
For mto a button that is embedded in a user control is not straightforward. One way to accomplish
this is to expose the button from the user control to the For m But this is an awkward thing to do
if the button is nested many layers deep. Another way is to use a delegate to override the O i ck
event in the user control and redirect the captured Cl i ck event.

When an object generates an event, it must send the event out. The way that events are dispatched
is through the use of delegates. For instance, if a button is embedded in a user control and the user
control is placed into a form, the button's Click event is ultimately processed by the form's event
handlers. Therefore, the routing needs to be built into the user control.



Chapter 7 Charts and User Controls 383

User Control for 2D Charts

In this section, we will show you how to create a custom user control for a 2D chart application.
Specifically, we want to convert the 2D chart project Example3 6 from Chapter 3 into a 2D chart
user control. In this control, we expect that most of the properties in the Chart St yl e class
should appear in the property browser and can be changed from this browser at the design time. In
addition, we want to modularize the properties in the Chart Styl e class into several groups
according to their functionalities so that the properties in the property browser become more
organized.

By following the procedure of creating the 2D chart control described in this chapter, yo can
easily develop an advanced 2D chart control that incorporates more features and more chart types.
For example, you can integrate a variety of specific 2D charts discussed in Chapter 4 into your 2D
chart control.

Creating User Control

In order to create the Chart 2DLi b control library and the Chart 2D control, follow the
following steps:

*  On the File menu, point to New and select Project to open the New Project dialog box.

*  Select the Windows Control Library project template from the list of C# Projects and type
Char t 2DLi b in the Name box.

+  In the Solution Explorer, right-click UserControll and select View Code from the shortcut
menu. Locate the Cl ass statement publ i ¢ cl ass User Cont r ol 1 and change
User Cont r ol 1 to Char t 2D to change the name of the component.

*  Locate the constructor publ i ¢ User Cont r ol 1() and change User Control 1 to
Chart 2D.

* In the Solution Explorer, click User Cont r ol 1, and in the property window, change the
FileName property to Chart 2D. cs.

e Addthe classes, Chart St yl e, Dat aCol | ecti on, Dat aSeri es, Legend,
Li neSt yl e, and Synbol St yl e from project Example3 6 to the current project and
change their namespace to Chart 2DLi b.

Next, you need to convert the classes from Example3 6 into classes compatible with the user
control.

Using TypeConverter

Here, we want to modularize the Chart St yl e class by dividing it into a few different classes,
including Chart Area, XAxi s, YAXi s, Y2Axi s, XYLabel , Titl e2D, and Gri d. All of
these classes are placed into a single file: Chart St yl e. cs.

The use of TypeConvert er can be illustrated using the XAXi s class, which contains three
public properties. This class allows you to enter the XLi nM n, XLi mvax, and XTi ck. We want
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the property browser to expose this data in a single property instead of exposing it in four different
properties, as shown in Figure 7-3.

Properties

chart2D1 Chart2DLib, Chart2D

ERAE

ZLabel Chart2DLib.X¥Label L
ZZLegend Chart2DLib.Legend
C2Title Chart2DLib.TitleZD
E C2kbxis Chart2DLib.XARis
ALimPax 10
xLirbin L]
xTick 2
[H C2¥2hxis Chart2DLib. Y2 Axis
2 Axis Chart2DLib.¥ Axis
ZausesY alidation True
ContextMenustrip {none)
Zursor Def aulk
Dock, Mone
Enabled True
Fonk Microsaft Sans Serif, &,25pk
ForeColor Bl CortrolTest
GaenerateMember True
0 IImef'-T:u:Ie r:dfc?lj_trnl 3
XLimMax

Sets the maximum limit for the ¥ axis,

Figure 7-3 XAxis property with “+” sign.

The first step in doing so is to create the XAXi s class, which wraps all of the properties related to
the X axis together. You need to decorate this class with the TypeConvert er attribute:

[ TypeConvert er (t ypeof ( XAxi sConverter))]
public class XAxis

{
private float xLinmMn = Of;
private float xLinMax = 10f;
private float xTick = 2f;

2
private Chart 2D chart 2d;
publ i ¢ XAxi s(Chart 2D ct 2d)

chart2d = ct2d;
}

[Description("Sets the maxinumlinit for the X axis."),
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Cat egor y( " Appear ance") ]
public float XLi mvax

{
get { return xLinmax; }
set
{
xLi mvax = val ue;
chart2d. I nval i date();
}
}

[Description("Sets the mninumlint for the X axis."),
Cat egor y( " Appear ance") ]
public float XLinmMn

{
get { return xLimMn; }
set
xLimM n = val ue;
chart 2d. I nval i date();
}
}

[Description("Sets the ticks for the X axis."),
Cat egor y(" Appear ance") ]
public float XTick

{
get { return xTick; }
set
xTi ck = val ue;
chart2d. I nvalidate();
}
}

}

The TypeConverter attribute tells the form designer that the XAxi sConverter is
associated with the XAXi s class.

In the second step we need to create the XAxi sConvert er class, which is derived from the
Syst em Conponent Model . TypeConvert er class, and override two methods. They are
the Get PropertiesSupported()and Get Properti es() methods:

public class XAxi sConverter : TypeConverter

{
[/l Dsplay the “+" synbol near the property nane:

public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)

return true,;

}

public override PropertyDescriptorCollection
Get Properti es(| TypeDescri pt or Cont ext cont ext,
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obj ect value, Attribute[] attributes)

return TypeDescri ptor. Get Properti es(typeof ( XAxi s));

}

The Get PropertiesSupported() method returns whether or not the object supports
properties. The form designer uses this value to display a "+" symbol at XAXi S property. The
Get Properti es() method returns the Properti esDescri pt or Col | ecti on object that
describes the items that appear when the "+" symbol is clicked. Please note that the
t ypeof ( XAxi s) is used as the input parameter of the Get Properties() method,
indicating that the text strings in the Property Browser are converted to XAXi S objects by the
TypeConverter.

The final step is to set the Desi gner Seri al i zati onVi si bi | ity attribute of the XAXi s
to Cont ent in the Char t 2D class:

public partial class Chart2D : UserControl

{
private XAxis Xxa;
public Chart2D)()
InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
xa = new XAxi s(this);
}
[ Desi gner Serial i zati onVisibility(
Designer SerializationVisibility. Content)]
public XAxis C2XAXi s
{
get { return this.xa; }
set
if (value '= null)
{
thi s. xa = val ue;
}
}
}
}

The Desi gner Seri al i zati onVi si bi | ity attribute specifies the type of persistence used
when serializing a property on a control at design time. Setting this value to cont ent tells C#
and the .NET framework to serialize the contents of the C2XAi s property. Here C2 (which
stands for Chart 2D) is placed in front of the XAXi s class name to group all of the properties
related to Char t 2D together in the Property Browser.
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You can convert all of the properties in the Chart St yl e class into formats compatible with the
user control in the same way we did for the XAxi s class.

ChartStyle Class

For your reference, here we list the code of the Char t St yl e class after the conversion:

usi ng System

usi ng System Drawi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em Conponent Model ;

namespace Chart 20Li b

{

public class ChartStyle

{

private Chart2D chart 2d;
private Rectangl e chart Area;
private Rectangl e pl ot Area;

public Chart Styl e(Chart 2D ct 2d)

chart2d = ct2d;
chart Area = chart2d. dient Rect angl e;
Pl ot Area = chart Area;

}

[Description("Sets the size for the chart area."),
Cat egor y( " Appear ance") ]
public Rectangle ChartArea
{
get { return chartArea; }
set { chartArea = val ue; }

}

[Description("Sets size for the plot area."),
Cat egor y( " Appear ance") ]
public Rectangle Pl ot Area
{
get { return plotArea; }
set { plotArea = val ue; }

}

public void AddChart Styl e(Gaphics g, ChartArea ca, XAxis xa,
YAXi s ya, Y2Axis y2a, Gid gd, XyLabel |b, Title2D tl)
{

/!l Draw Total Chart Area, ChartArea, and Pl ot Area:
SetPlotArea(g, xa, ya, y2a, gd, |b, tl);

Pen aPen = new Pen(ca. Chart BorderCol or, 1f);

Sol i dBrush aBrush = new Sol i dBrush(ca. Chart BackCol or) ;
g. Fil | Rectangl e(aBrush, ChartArea);

g. DrawRect angl e(aPen, ChartArea);

aPen = new Pen(ca. Pl ot Border Col or, 1f);
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aBrush = new Sol i dBrush(ca. Pl ot BackCol or);
g. Fil | Rectangl e(aBrush, M otArea);
g. DrawRect angl e(aPen, Pl ot Area);

Si zeF tickFontSize = g. MeasureString("A', |b. TickFont);
/1l Oreate vertical gridlines:

float fX fY;

if (gd.1sYGid == true)

{

aPen = new Pen(gd. @i dCol or, 1f);

aPen. DashStyl e = gd. Qi dPattern;

for (fX = xa XLinMn + xa. XTi ck; fX < xa. XLi mvax;
f X += xa. XTi ck)

{
g. DrawLi ne(aPen, Poi nt 2D(new Poi nt F(f X,
ya. YLinMn), xa, ya), Point2D(new Poi nt F(fX
ya. YLi nMax), xa, ya));
}

/1 Create horizontal gridlines:
if (gd.1sX@id == true)

{
aPen = new Pen(gd. @i dCol or, 1f);
aPen. DashStyl e = gd. GidPattern;
for (fY =ya YLinMn + ya. YTick; fY < ya. YLi n\ax;
fY += ya. YTi ck)
{
g. DrawLi ne(aPen, Poi nt 2D hew Poi nt F(
xa. XLinmMn, fY), xa, ya), Point2D( new
Poi nt F(xa. XLi mvbx, fY), xa, ya));
}
}

// Oeate the x-axis tick marks:
aBrush = new Sol i dBrush(| b. Ti ckFont Col or);
for (fX = xa. XLinMn; fX <= xa. XLinMax; fX +=

xa. XTi ck)
{
Poi nt F yAxi sPoi nt = Poi nt 2D( new Poi nt F(f X,
ya.YLinMn), xa, ya);
g. DrawLi ne(Pens. Bl ack, yAxi sPoint, new Poi nt F(
yAXi sPoint. X, yAxisPoint.Y - 5f));
StringFormat sFormat = new StringFormat () ;
sFormat. Alignment = StringAlignnent. Far;
Si zeF sizeXTick = g. MeasureString(fX ToString(),
I b. Ti ckFont) ;
g.Drawstring(f X ToString(), Ib.TickFont, aBrush,
new Poi nt F(yAxi sPoi nt. X + si zeXTi ck. Wdth / 2,
yAXi sPoint.Y + 4f), sFornat);
}

/] Create the y-axis tick narks:
for (fY =ya YLinMn; fY <= ya. YLinMax; fY +=
ya. YTi ck)
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}

{
Poi nt F xAxi sPoi nt = Poi nt 2D( new Poi nt F(
xa. XtinMn, fY), xa, ya);
g. DrawLi ne(Pens. Bl ack, xAxi sPoi nt,
new Poi nt F(xAxi sPoi nt. X + 5f, XxAxi sPoint.Y));
StringFormat sFormat = new StringFormat();
sFormat. Alignment = StringAlignnent. Far;
g.Drawstring(fY. ToString(), |b.TickFont, aBrush,
new Poi nt F(xAxi sPoint. X - 3f, XxAxisPoint.Y —
ti ckFont Si ze. Height / 2), sFormat);
}

/1 CGreate the y2-axis tick marks:
if (y2a.lsY2Axis)
{

for (fY = y2a.Y2LinMn; fY <= y2a. Y2Li nMax;
fY += y2a. Y2Ti ck)

{
Poi nt F x2Axi sPoi nt = Poi nt 2DY2( hew
Poi nt F(xa. XLi mvax, fY), xa, y2a);
g. DrawLi ne(Pens. Bl ack, x2Axi sPoi nt,
new Poi nt F(x2Axi sPoint. X - 5f,
x2Axi sPoint.Y));
StringFormat sFormat = new StringFormat();
sFormat. Ali gnnment = StringA ignnent. Near;
g.Drawstring(fyY. ToString(), |b.TickFont,
aBrush, new Poi nt F(x2Axi sPoi nt. X + 3f,
X2Axi sPoint.Y - tickFontSi ze. Height / 2),
sFormat ) ;
}

}

aPen. D spose();

aBrush. D spose();

AddLabel s(g, xa, ya, y2a, gd, Ib, tl);

private void SetP ot Area(@aphics g, XAxis xa, YAXis ya,

{

Y2Axis y2a, Gid gd, XyLabel |b, Title2D tl)

/1 Set P otAea:
float xOffset = ChartArea. Wdth / 30. 0f;
float yCffset = ChartArea. Height / 30.0f;
Si zeF | abel Font S ze = g. MeasureString("A', |b. Label Font);
SizeF titleFontS ze = g. MeasureString("A", tl.TitleFont);
if (tl.Title Tolpper() == "NO TITLE")
{
titleFontS ze. Wdth = 8f;
titl eFont Si ze. Hei ght = 8f;

float xSpacing = xOffset / 3.0f;

float ySpacing = yOfset / 3.0f;

Si zeF tickFontSize = g. MeasureString("A', |b. TickFont);
float tickSpacing = 2f;
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Si zeF yTi ckSi ze = g. MeasureStri ng(ya. YLi mM n. ToStri ng(),
I b. Ti ckFont) ;

for (float yTick = ya. YLinMn; yTick <= ya. YLi nMax;
yTi ck += ya. YTi ck)

{

Si zeF tenpS ze = g. MeasureString(yTi ck. ToStri ng(),
I b. Ti ckFont) ;

if (yTickSi ze.Wdth < tenpS ze. Wdt h)

{

yTi ckSi ze = tenpS ze;
}

float leftMargin = xOfset + | abel FontSi ze. Wdth +
xSpaci ng + yTi ckSi ze. Wdth + tickSpaci ng;
float rightMargin = xOfset;
float topMargin = yOfset + titleFontS ze. Height +
ySpaci ng;
float bottomiargin = yOfset + |abel FontSi ze. Height +
ySpaci ng + tickSpacing + tickFontS ze. Hei ght;

if (!y2a.lsY2AXis)
{
/1 Define the plot area with one Y axis:
int plotX = ChartArea. X + (int)leftMargin;
int plotY = ChartArea.Y + (int)topMargin;
int plotWdth = Chart Area. Wdth - (int)leftMrgin —
2 * (int)rightMrgin;
int plotHeight = Chart Area. Hei ght —
(int)topMargin - (int)bottonargin;
M ot Area = new Rectangl e(pl ot X plot,
pl ot Wdt h, pl ot Hei ght);
}
el se
{
/1 Define the plot area with Y and Y2 axes:
Si zeF y2Ti ckSi ze = g. MeasureStri ng(
y2a. Y2Li mM n. ToString(), |b. TickFont);
for (float y2Tick = y2a.Y2LimM n; y2Tick <=
y2a. Y2Li mivbx; y2Ti ck += y2a. Y2Ti ck)

{
Si zeF tenpS ze2 = g. MeasureStri ng(
y2Ti ck. ToString(), |b. TickFont);
if (y2TickS ze.Wdth < tenpS ze2. Wdt h)
y2Ti ckS ze = tenpS ze2;
}
}

right argin = x(fset + | abel Font Size. Wdth +
xSpaci ng + y2Ti ckSi ze. Wdth + ti ckSpaci ng;
int plotX = ChartArea. X + (int)leftMargin;
int plotY = ChartArea. Y + (int)topMargin;
int plotWdth = Chart Area. Wdth —
(int)lefthMargin - (int)rightMargin;
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}

int plotHeight = Chart Area. Hei ght —
(int)topMargin - (int)bottoniargin;

M ot Area = new Rectangl e(plot X plotY, plotWdth,
pl ot Hei ght) ;

private void AddLabel s(G aphics g, XAxis xa, YAXis ya,

{

Y2Axis y2a, Gid gd, XyLabel |b, Title2D tl)

float xCffset = Chart Area. Wdth / 30. Of;
float yCffset = Chart Area. Height / 30.0f;
Si zeF | abel Font S ze = g. MeasureString("A", |b. Label Font);
SizeF titleFontS ze = g. MeasureString("A', tl.TitleFont);

/1 Add horizontal axis |abel:
Sol i dBrush aBrush = new Sol i dBrush(| b. Label Font Col or);
Si zeF stringS ze = g. MeasureString(l b. XLabel ,
| b. Label Font);
g. Drawstri ng(! b. XLabel , | b. Label Font, aBrush,
new Poi nt (Pl ot Area. Left + PlotArea. Wdth / 2 -
(int)stringS ze.Wdth / 2, ChartArea.Bottom -
(int)yCfset - (int)label FontS ze. Height));

/1 Add y-axis | abel:

StringFormat sFormat = new StringFormat();

sFormat. Alignment = StringAignnent. Center;

stringS ze = g. MeasureString(l b. YLabel , |b. Label Font);

I/l Save the state of the current G aphics object

Q aphi csState gState = g. Save();

g. Transl ateTransforn{Chart Area. X + xOifset, ChartArea.Y
+ yOfset + titleFontS ze. Hei ght
+ yOfset / 3 + PlotArea. Height / 2);

g. Rot at eTr ansf or n{- 90) ;

g. Drawstring(l b. YLabel , |b. Label Font, aBrush, 0, O,

sFornat) ;
/1l Restore it:
g. Restore(gState);

/1 Add y2-axis |abel:
if (y2a.1sY2Axis)
{
stringS ze = g. MeasureString(l b. Y2Label ,
| b. Label Font);
/1 Save the state of the current G aphics object
Q aphicsState gState2 = g. Save();
g. Transl ateTransforn{Chart Area. X + Chart Area. Wdth -
xCrfset - |abel Font S ze. Wdt h,
ChartArea. Y + yOfset + titleFontS ze. Hei ght
+ yCffset /| 3 + PlotArea. Height / 2);
g. Rot at eTr ansf or n{ - 90) ;
g. Drawstring(l b. Y2Label , | b. Label Font, aBrush, 0, O,
sFormat ) ;
/1 Restore it:
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g. Restore(gState2);

/1 Add title:
aBrush = new Sol i dBrush(tl. TitleFontCol or);
stringS ze = g. MeasureString(tl.Title, tl.TitleFont);
if (tI.Title ToUpper() !'= "NO TITLE")
{
g Drawstring(tl.Title, tl.TitleFont, aBrush,
new Point (Pl ot Area. Left + PlotArea. Wdth / 2 -
(int)stringS ze.Wdth / 2, ChartArea. Top +
(int)yCfset));

aBrush. Di spose();
}

publ i c Poi nt F Poi nt 2DY2(Poi nt F pt, XAxis xa, Y2Axis y2a)
{
Poi nt F aPoi nt = new Poi nt F();
if (pt.X<xa XtinMn || pt.X > xa. XLi nMax ||
pt.Y <y2a. Y2LinMn || pt.Y > y2a. Y2Li niax)
{

pt. X = Single. NaN
pt.Y = S ngle. NaN

aPoint.X = PlotArea. X + (pt.X - xa. XLinMn) *
Pl ot Area. Wdth / (xa. XLi nMax - xa. XLi nM n);
aPoint.Y = Plot Area. Bottom- (pt.Y - y2a.Y2LinMn) *
M ot Area. Hei ght / (y2a. Y2Li nMax - y2a. Y2Li nM n);
return aPoint;

}

public PointF Point2D(Poi ntF pt, XAxis xa, YAXis ya)
{
Poi nt F aPoi nt = new Poi nt F();
if (pt.X<xa XtinMn || pt.X > xa. XLi nMax ||
pt.Y <ya YLinMn || pt.Y > ya. YLi nivax)
{

pt.X = Single. NaN
pt.Y = Singl e. \aN
}
aPoint.X = PlotArea. X + (pt.X - xa. XLinMn) *

P ot Area. Wdth / (xa. XLi nMax - xa. XLi nM n);
aPoint.Y = Plot Area. Bottom- (pt.Y - ya.YLinMn) *
M ot Area. Hei ght / (ya. YLi nvax - ya. YLinMn);

return aPoint;

}

[ TypeConvert er (t ypeof (Chart AreaConverter))]
public class Chart Area
{

private Chart2D chart 2d;

private Col or chartBackCol or;
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private Col or chart Border Col or;
private Col or plotBackCol or = Col or. Wi te;
private Col or pl ot BorderCol or = Col or. Bl ack;

public ChartArea(Chart 2D ct 2d)

chart2d = ct2d;

chart BackCol or = chart 2d. BackCol or;

chart Bor der Gol or = chart 2d. BackCol or;
}

[ Description("The background col or of the chart area."),
Cat egor y( " Appear ance") ]
public Col or Chart BackCol or

{
get { return chartBackCol or; }
set
chart BackCol or = val ue;
chart 2d. I nval i date();
}
}

[Description("The border color of the chart area."),
Cat egor y(" Appear ance") ]
public Col or Chart Border Col or

{
get { return chartBorderCol or; }
set
chart Border Col or = val ue;
chart2d. I nvalidate();
}
}

[ Description("The background col or of the plot area."),
Cat egor y( " Appear ance") ]
public ol or Pl ot BackCol or

{
get { return plotBackColor; }
set
pl ot BackCol or = val ue;
chart2d. I nval i date();
}
}

[Description("The border color of the plot area."),
Cat egor y( " Appear ance") ]
public Col or Pl ot BorderCol or
{
get { return plotBorderCol or; }
set

{
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}

pl ot Bor der Col or = val ue;
chart2d. I nval i date();

public class Chart AreaConverter : TypeConverter

}

/1 allows us to display the + synbol near the property nane
public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)

return true;
}
public override PropertyDescriptorCollection
Get Properti es(| TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)

return TypeDescriptor. Get Properties(typeof (ChartArea));

[ TypeConvert er (t ypeof ( XAxi sConverter))]
public class XAxis

{

of ;
10f ;

private float xLinMn =
private float xLinmvax =
private float xTick = 2
private Chart2D chart 2d;

-

publ i ¢ XAxi s(Chart 2D ct 2d)

chart2d = ct2d;
}

[Description("Sets the maximnumlinit for the X axis."),
Cat egor y(" Appear ance") ]
public float XLi mvax

{
get { return xLimvax; }
set
{
xLi mvax = val ue;
chart 2d. I nval i date();
}
}

[Description("Sets the mninumlint for the X axis."),
Cat egor y( " Appear ance") ]
public float XLimMn
{
get { return xLinMn; }
set
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}

xLimM n = val ue;
chart 2d. I nval i dat e();

}

[Description("Sets the ticks for the X axis."),
Cat egor y( " Appear ance") ]
public float XTick

{
get { return xTick; }
set
xTi ck = val ue;
chart2d. I nvalidate();
}
}

public class XAxi sConverter : TypeConverter

{

}

publ i c XAxi sConverter()
{

}

/1 allows us to display the + synbol near the property name
public override bool GetPropertiesSupported(

| TypeDescri pt or Cont ext cont ext)
{

}

public override PropertyDescriptorCollection
Get Properties(| TypeDescri pt or Cont ext cont ext,
object value, Attribute[] attributes)

return true;

return TypeDescri ptor. Get Properties(typeof (XAXis));

[ TypeConvert er (t ypeof ( YAxi sConverter))]
public class YAxis

{

private float yLinmMn = Of;
private float yLi nhax = 10f;
private float yTick = 2f;
private Chart 2D chart 2d;

public YAxi s(Chart 2D ct2d)

chart2d = ct2d;
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[Description("Sets the maxinumlinit for the Y axis."),
Cat egor y( " Appear ance") ]
public float YLi mvax

{
get { return yLinmax; }
set
{
yLi mivax = val ue;
chart2d. I nval i date();
}
}

[Description("Sets the mninumlint for the Y axis."),
Cat egor y( " Appear ance") ]
public float YLinMn

{
get { return yLinMn; }
set
yLi nM n = val ue;
chart2d. I nval i date();
}
}

[Description("Sets the ticks for the Y axis."),
Cat egor y( " Appear ance") ]
public float YTick

{
get { return yTick; }
set
yTi ck = val ue;
chart2d. I nval i date();
}
}
}
public class YAxi sConverter : TypeConverter
{
publ i c YAxi sConverter ()
{
}

/1 allows us to display the + synbol near the property nane
public override bool GetPropertiesSupported(

| TypeDescri pt or Cont ext cont ext)
{

}

public override PropertyDescriptorCollection
Get Properties(| TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)

return true;
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}

return TypeDescri ptor. Get Properti es(typeof (YAXi s));

[ TypeConvert er (t ypeof ( Y2Axi sConverter))]
public class Y2Axis

{

private float y2LinMn = Of;
private float y2Li mvax = 100f;
private float y2Tick = 20f;
private bool isY2Axis = fal se;
private Chart2D chart 2d;

public Y2Axi s(Chart 2D ct 2d)
{

}

[Description("lndicates whether the chart has the Y2 axis."),
Cat egor y( " Appear ance") ]
public bool |sY2Axis

chart2d = ct2d;

{
get { return isY2Axis; }
set
{
i sY2Axi s = val ue;
chart 2d. I nval i date();
}
}

[Description("Sets the naximumlimt for the Y2 axis."),
Cat egor y(" Appear ance") ]
public float Y2Li mvax

{
get { return y2Li nMax; }
set
y2Li mvax = val ue;
chart2d. I nvalidate();
}
}

[Description("Sets the mninumlimt for the Y2 axis."),
Cat egor y( " Appear ance") ]
public float Y2LinMn
{
get { return y2LinMn; }
set

y2LimMM n = val ue;
chart2d. I nval i date();
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[Description("Sets the ticks for the Y2 axis."),
Cat egor y( " Appear ance") ]
public float Y2Tick

{
get { return y2Tick; }
set
y2Ti ck = val ue;
chart2d. I nval i date();
}
}
}
public class Y2Axi sConverter : TypeConverter
{
public Y2Axi sConverter ()
{
}
/1 allows us to display the + synbol near the property nane
public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)
return true;
}
public override PropertyDescriptorCollection
Get Properties(| TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)
{
return TypeDescri ptor. Get Properti es(typeof (Y2AXi s));
}
}

[ TypeConverter (typeof (i dConverter))]

public class Qid

{
private DashStyle gridPattern = DashStyl e. Soli d;
private Color gridColor = Col or. Li ght G ay;
private float gridLineThickness = 1.0f;
private bool isX@id = true;
private bool isY&id = true;
private Chart2D chart 2d;

public Gid(Chart2D ct 2d)
{

}

[Description("lndicates whether the X grid is show."),
Cat egor y( " Appear ance") ]
public bool IsXQid

chart2d = ct2d;
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{
get { return isx@id; }
set
isX@id = val ue;
chart2d. I nval i date();
}
}

[Description("Indicates whether the Y grid is show."),
Cat egor y( " Appear ance") ]
public bool IsYQid

{
get { returnisy@id; }
set
isYQid = val ue;
chart2d. I nval i date();
}
}

[Description("Sets the line pattern for the grid lines."),
Cat egor y( " Appear ance") ]
virtual public DashStyle GidPattern

{
get { return gridPattern; }
set
{
gridPattern = val ue;
chart 2d. I nval i dat e();
}
}

[Description("Sets the thickness for the grid lines."),
Cat egor y( " Appear ance") ]
public float Qi dThickness

{
get { return gridLi neThi ckness; }
set
{
gri dLi neThi ckness = val ue;
chart2d. I nvalidate();
}
}

[Description("The color used to display the grid lines."),
Cat egor y( " Appear ance") ]
virtual public Golor @i dCol or
{
get { return gridColor; }
set

gridCol or = val ue;
chart2d. I nval i date();
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}
}
}
public class GidConverter : TypeConverter
{
public GidConverter()
{
}
/1 allows us to display the + synbol near the property nane
public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)
return true;
}
public override PropertyDescriptorCollection
Get Properties(| TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)
{
return TypeDescriptor. Get Properti es(typeof (Gid));
}
}

[ TypeConver t er (t ypeof ( XYLabel Converter))]
public cl ass XYLabel
{
private string xLabel "X AXi s";
private string yLabel "Y Axis";
private string y2Label = "Y2 Axis";
private Font |abel Font = new Font ("Arial", 10, FontStyle. Regul ar);
private Col or |abel FontGol or = Col or. Bl ack;
private Font tickFont;
private Col or tickFontCol or = ol or. Bl ack;

private Chart2D chart 2d;
publ i ¢ XYLabel (Chart 2D ct 2d)

chart2d = ct2d;
tickFont = ct2d. Font;

}

[Description("Creates a label for the X axis."),
Cat egor y( " Appear ance") ]
public string XLabel
{
get { return xLabel; }
set

xLabel = val ue;
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chart2d. I nval i dat e();

}

[Description("Creates a label for the Y axis."),
Cat egor y( " Appear ance") ]
public string YLabel

{
get { return ylLabel; }
set
yLabel = val ue;
chart 2d. I nval i date();
}
}

[Description("Creates a | abel for the Y2 axis."),
Cat egor y( " Appear ance") ]
public string Y2Label

{
get { return y2Label; }
set
y2Label = val ue;
chart2d. I nval i date();
}
}

[Description("The font used to display the axis | abels."),
Cat egor y(" Appear ance") ]
public Font Label Font

{
get { return | abel Font; }
set
| abel Font = val ue;
chart2d. I nvalidate();
}
}

[Description("Sets the color of the axis |abels."),
Cat egor y( " Appear ance") ]
public ol or Label Font Col or

{
get { return | abel FontColor; }
set
| abel Font Col or = val ue;
chart2d. I nval i date();
}
}

[Description("The font used to display the tick |abels."),
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Cat egor y( " Appear ance") ]
public Font Ti ckFont

{
get { return tickFont; }
set
ti ckFont = val ue;
chart2d. I nval i date();
}
}

[Description("Sets the color of the tick |abels."),
Cat egor y( " Appear ance") ]
public ol or TickFont Col or

{
get { return tickFontColor; }
set
ti ckFont Gol or = val ue;
chart 2d. I nval i date();
}
}

}
public class XYLabel Converter : TypeConverter

public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)
{

}

public override PropertyDescriptorCollection
Get Properti es(1 TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)

return true;

return TypeDescriptor. Get Properties(typeof (XYLabel));
}

[ TypeConvert er (typeof (Titl e2DConverter))]
public class Title2D

{

private string title = "Title";

private Font titleFont = new Font ("Arial", 12, FontStyle. Regul ar);
private Color titleFontColor = Col or. Bl ack;

private Chart2D chart 2d;

public Title2D( Chart 2D ct 2d)

chart2d = ct2d;
}

[Description("Creates a title for the chart."),
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Cat egor y( " Appear ance") ]
public string Title

{
get { return title; }
set
title = val ue;
chart2d. I nval i date();
}
}

[Description("The font used to display the title."),
Cat egor y( " Appear ance") ]
public Font TitleFont

{
get { return titleFont; }
set
titleFont = val ue;
chart 2d. I nval i date();
}
}

[Description("Sets the color of the tile."),
Cat egor y(" Appear ance") ]
public Color TitleFont Col or

{
get { return titleFontColor; }
set
titleFont Col or = val ue;
chart2d. I nvalidate();
}
}

}
public class Title2DOonverter : TypeConverter

public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)
{

}

public override PropertyDescriptorCollection
Get Properti es(| TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)

return true;

return TypeDescriptor. Get Properties(typeof (Title2D));
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In this class, we add two attributes to each property: Cat egory and Descri ption. The
Cat egor y(“ Appear ance”) attribute shows whether the property is visible in the containing
application. This description attribute allows the property browser to provide a brief description of
the property when users click on it. There are only two properties left in the Chart St yl e class:
Chart Area and Pl ot Ar ea. In most cases, their default values should be used, so we don’t
want to expose them in the property browser. However, if you do want to change them in some
situations, you can do so via code. That is why we don’t use the TypeConverter for the
Chart Styl e class.

Note that we also make corresponding modifications to the methods in Char t St yl e class due to
the changes we made to the class.

Legend Class

Similarly, we need to decorate the Legend class with the TypeConvert er attribute because
we want its properties to be exposed in the property browser:

usi ng System

usi ng System Draw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System Col | ecti ons;

usi ng Syst em Conponent Model ;

namespace Chart 20Li b

[ TypeConvert er (t ypeof (LegendConverter))]
public cl ass Legend
{
private bool isLegendV sible;
private Col or textColor;
private LegendPositi onEnum | egendPosi ti on;
private bool isBorderM sible;
private Col or | egendBackCol or;
private Col or |egendBorder Col or;
private Font |egendFont;
private Chart2D chart 2d,;

publ i c Legend(Chart 2D ct 2d)

{

chart2d = ct2d;

| egendPosi tion = LegendPosi ti onEnum Nort hEast ;

t ext Col or = Col or. Bl ack;

i sLegendVi si bl e = fal se;

isBorderVisible = true;

| egendBackCol or = ol or. Wi te;

| egendBor der Col or = Col or. Bl ack;

| egendFont = new Font ("Arial", 8, FontStyle.Regular);
}

[Description("Font used to display the legend text."),
Cat egor y( " Appear ance") ]
publ i c Font LegendFont
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{
get { return | egendFont; }
set
| egendFont = val ue;
chart2d. I nval i date();
}
}

[ Description("Background col or of the | egend box."),
Cat egor y( " Appear ance") ]
public ol or LegendBackCol or

{
get { return | egendBackCol or; }
set
| egendBackCol or = val ue;
chart2d. I nval i date();
}
}

[Description("The color of the | egend box border."),
Cat egor y( " Appear ance") ]
public ol or LegendBor der Col or

{
get { return | egendBorderCol or; }
set
| egendBor der Col or = val ue;
chart 2d. I nval i dat e();
}
}

[Description("lndicates whether the | egend border shoul d be shown."),

Cat egor y( " Appear ance") ]
publ i c bool 1sBorderVisible

{
get { return isBorderVisible; }
set
{
i sBorder Vi si bl e = val ue;
chart2d. I nvalidate();
}
}

[Description("Specifies the | egend position in the chart ."),
Cat egor y( " Appear ance") ]
publ i ¢ LegendPosi ti onEnum LegendPosi ti on
{
get { return | egendPosition; }
set

| egendPosi ti on = val ue;
chart2d. I nval i date();
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}

[Description("Color of the legend text."),
Cat egor y( " Appear ance") ]
public Col or Text Col or

{
get { return textColor; }
set
{
text Col or = val ue;
chart2d. I nval i date();
}
}

[Description("lndicates whether the legend is shown in the chart."),
Cat egor y(" Appear ance") ]
publ i c bool |sLegendVisible
{
get { return isLegendVisible; }
set
{
i sLegendVi si bl e = val ue;
chart 2d. I nval i dat e();

}

publ i ¢ enum LegendPosi ti onEnum
{

Nort h,

Nor t hWést ,

Vst ,

Sout hVést ,

Sout h,

Sout hEast ,

East,

Nor t hEast

}

public voi d AddLegend( QG aphics g, DataCol | ection dc,
Chart Styl e cs)
{

}

private void Draw.egend(Q aphics g, float xCenter,
float yCenter, float hWdth, float hHeight,
Dat aCol | ection dc, ChartStyle cs)

}

public class LegendConverter : TypeConverter
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public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)
{

}

public override PropertyDescriptorCollection
Get Properties(| TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)

return true;

return TypeDescri ptor. Get Properti es(typeof (Legend));

}

Note that the LegendConverter class is added to the Legend. cs. Thus, you can set all
property values for the Legend from the property browser, including the legend text font and
color, the legend box background color, and the position of the legend in the chart.

Chart2D Class

The Chart2D class hooks all of the classes together and performs the chart drawing. Additionally,
it is also responsible for which classes’ properties should and should not be exposed in the
property browser. The following is its code listing:

usi ng System

usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2Db,
usi ng Syst em Conponent Model ;
usi ng Syst em W ndows. For ns;

namespace Chart 20Li b

public partial class Chart2D : User Control
{
private ChartStyl e cs;
private Chart Area ca;
private DataCol | ection dc;
private DataSeries ds;
private Legend |g;
private XAxis xa;
private YAXis ya;
private Y2AXis y2a;
private Qid gd;
private XYLabel |b;
private Title2D tl;
private Synbol Style ss;

public Chart2D)()

{
InitializeConponent();

this. SetStyl e(Control Styl es. Resi zeRedraw, true);
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cs = new ChartStyl e(this);
ca = new Chart Area(this);
dc = new DataCol | ection();
ds = new DataSeries();
I'g = new Legend(this);
xa = new XAxi s(this);
ya = new YAXi s(this);

y2a = new Y2Axi s(this);
gd = new Qid(this);

I'b = new XYLabel (this);
tl new Title2D(this);
ss = new Synbol Style();

}

protected override voi d OnPai nt (Pai nt Event Args e)
{
Q aphi cs g = e. G aphi cs;
cs.ChartArea = this.dientRectangl e;
cs. AddChart Styl e(g, ca, xa, ya, y2a, gd, |b, tl);
dc. AddLi nes(g, cs, xa, ya, y2a);
| g. AddLegend(g, dc, cs);
g. D spose();
}

[ Browsabl eAttribute(fal se)]
public ChartStyle QChartStyl e
{
get { return this.cs; }
set { this.cs = value; }

}

[ DesignerSerializationVisibility(
Desi gner SerializationVisibility. Content)]
public Chart Area QChart Area

{
get { return this.ca; }
set
if (value !'=null)
{
this.ca = val ue;
}
}
}

[ Desi gner Seri al i zationVi sibility(
DesignerSerializationVisibility. Content)]
public XAxis C2XAXi s
{

get { return this.xa; }

set

if (value '= null)
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this.xa = val ue;

}

[ Desi gner Seri al i zationVi sibility(
DesignerSerializationVisibility. Content)]
public YAXis QYAXis

{
get { return this.ya; }
set
if (value !'=null)
{
this.ya = val ue;
}
}
}

[ Desi gner SerializationVisibility(
DesignerSerializationVisibility. Content)]
public Y2Axi s QY2AXi s

{
get { return this.y2a; }
set
if (value !'=null)
{
this.y2a = val ue;
}
}
}

[ DesignerSerializationVisibility(
Designer SerializationVisibility. Content)]
public Gid Q@id

{
get { return this.gd; }
set
if (value !'=null)
this.gd = val ue;
}
}
}

[ Desi gner Seri al i zationVi sibility(
DesignerSerializationVisibility. Content)]
publ i c XyLabel C2Label
{
get { return this.Ib; }
set
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if (value '= null)

this.lb = val ue;

}

[ Desi gner Seri al i zationVi sibility(
DesignerSerializationVisibility. Content)]
public Title2D QTitle

{
get { return this.tl; }
set
if (value !'=null)
this.tl = val ue;
}
}
}

[ Browsabl eAttribute(fal se)]
public DataCol | ecti on C2Dat aCol | ecti on
{

get { return this.dc; }

set { this.dc = value; }

}

[ Desi gner Seri al i zationVi sibility(
DesignerSerializationVisibility. Content)]
public Legend QLegend

{
get { return this.lg; }
set
if (value !'=null)
this.lg = val ue;
}
}
}

}

Note that we set the Br owsabl eAttri bute of Chart Styl e and Dat aCol | ecti on to
f al se, indicating that the properties of the Chart Styl e and Dat aCol | ecti on classes

should not be exposed in the property browser. In order to change their properties, you must do so
through code.
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Testing User Control

Using the Chart2D user control in a Windows form is trivial. It's just like adding any other built-in
control like a Butt on or a Text Box. First, create a new C# Windows Application project
named: Exanpl e7_1. Make sure the Toolbox is visible (select Toolbox in the View menu if
necessary). Right-click the Toolbox to open its context menu. If you want the Chart2D control to
appear in its own tab in the Toolbox, right-click in the gray Toolbox area, select Add Tab from
the context menu, and type in the tab name, such as “Chart”.

Right-click the Chart tab or one of the existing tabs and select Choose Items from the context
menu. The Choose Toolbox Items dialog box will open.

In the Choose Toolbox Items dialog box, go to the NET Framework Components tab. Sort the
list by Namespace (click the Namespace column header), as shown in Figure 7-4.

Choose Toolbox Hems

NET Framework Componants | COM Components

Name MNamespace Assembly Mame Directory #
[+] calendar System.Web. UL MobileCantrols System.\Web.Mobile (2.... Global Ass
[#] Calandar System.Web. UL WebControls System.\Web (2.0.0.0) Fobal Ass
[#] catalogZone System.\Web UL WebControls.,..  System.\Web (2.0,0.0) Fobal fiss
[¥] changePassword System.web. Ul webControls System.Web (2.0.0.0) Ghobal Ass
[+ Chart20Lib Chart20Lib {1.0.2379....

[#] Chediox System.\Windows. Forms System \indows. Form.,.  c:\Prograe
[#] ChedkBox Swstem. Windows, Forms System \Windows, Form.,.  C\Progra
[¥] chedkBox Swstem. Windows, Forms Syetem,Windows. Form.,.  Global Ast
|#] ChedBox System.\Web. UL WebCZontrols System.\Web (2.0.0.0) Gobal As:s ¥
< »
Filter:

Chart2D
Language:  Invarant Langusge (Invarant Country)

o
Version:  1.0.2379.27534 (Retail)

Ok ]l Cancel ][ Reset F

Figure 7-4 “Choose ToolBox Items” window.

Select the Browse button and find the Chart2D user control DLL file named Chart 2DLi b. dl | ,
which should be located at ~\Examples\Chart2DLib\bin\Debug directory, and open it. The
Chart2D user control is highlighted in blue. Click the OK button, and the Chart2D control is now
added to the Tool Box, as shown in Figure 7-5.

Double-click the Chart2D control from the Toolbox to add it to For niL, as shown in Figure 7-6.

There is a Chart2D user control named chart2D1 in For ml. Various properties of this control can
be viewed from the property browser, as shown in Figure 7-7.
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Figure 7-5 Chart2D user control in the ToolBox.
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Figure 7-6 The Chart2D control is added to the Form1.
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Properties

chart2D1 ChartzDLib, ChartzD -

BackaroundImagelayoul Tile L]
Borderstyle Mone
= Chart2DLib.ChartArea
ChartBackColor [_] Control
ChartBorderColor - [ ] Control
PlotBackColor [ ]| White
PlotBorderColor Il slack
CZiarid ChartZDLib.Grid
CZLabel Chart2DLib.X¥Label
CZLegend ChartZDLib.Legend
C2Tikle ChartZDLib.TitleZD
CZxhxis Chart2DLib.XAxis
C2¥2hxis Chart2DLib.Y 2 Axis
C2Y Axis ChartZDLib.¥ Axis
CausesYalidation True
ContextMenuskrip (none)
Cursor Defaulk
Dock, hore
L1 o

Figure 7-7 Property browser with Chart2D properties.

In order to create a 2D chart using the chart2D1 control, you need to add the following code to the
For mL. cs class:

usi ng System

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em W ndows. For ns;

usi ng Chart2DLi b;

nanespace Exanpl e7_1
public partial class Fornl : Form
{ private DataSeries ds;
public Formi()

I'nitializeConponent();
chart 2D1. Dock = DockStyle.Fill;
chart 2D1. QChart Area. Chart BackCol or = Col or. Wi t e;
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}

ds = new DataSeries();

chart 2D1.

CLegend. | sLegendVi si bl e = true;

AddDat a() ;

private void AddDat a()

{

I/l Qverride ChartStyle properties:

chart 2D1. C2XAxi s. XLinM n = Of;;

chart 2D1. C2XAxi s. XLi nivlx = 6f;

chart2D1l. QCYAxi s. YLinMn = -1.5f;

chart 2D1. QYAXi s. YLi nivlx = 1. 5f;

chart 2D1. C2XAxi s. XTi ck = 1. 0f;

chart 2D1. QVYAXi s. YTick = 0. 5f;

chart2Dl. QLabel . XLabel = "This is X axis";
chart2Dl. QLabel . YLabel = "This is Y axis";
chart2Dl. QTitle. Title = "Sine and Cosine Chart";
chart 2D1. QDat aCol | ecti on. Dat aSeri esList.dear();

/! Add Sine data with 7 data points:
ds = new DataSeries();
ds. Li netyl e. Li neCol or Col or. Red;
ds. Li neStyl e. Thi ckness = 2f;
ds. LineStyl e. Pattern = DashStyl e. Dash;
ds. Li neStyl e. Pl ot Met hod =

Li neStyl e. A ot Li nesMet hodEnum Li nes;
ds. Seri esName = "Si ne";
ds. Synbol Styl e. Synbol Type =

Synbol Styl e. Synbol TypeEnum D anond,;
ds. Synbol Styl e. Border Gol or = Col or. Red;
ds. Synbol Style. Fill Col or = ol or. Yel | ow,
ds. Synbol Syl e. Bor der Thi ckness = 1f;
for (int i =0; i <7; i++)

ds. AddPoi nt (new Poi nt F(i / 1. 0f,
(float)Math.Sin(i / 1.0f)));

chart 2D1. C2Dat aCol | ecti on. Add( ds) ;

/1 Add Cosine data with 7 data points:
ds = new DataSeries();
ds. Li neStyl e. Li neCol or Col or. Bl ue;
ds. Li neStyl e. Thi ckness 1f;
ds. LineStyle.Pattern = DashStyle. Sol i d;
ds. Li neStyl e. Pl ot Met hod =

Li neStyl e. A ot Li nesMet hodEnum Spl i nes;
ds. Seri esNane = " Cosi ne";
ds. Synbol Styl e. Synbol Type =

Synbol Styl e. Synbol TypeEnum Tri angl e;
ds. Synbol Styl e. Border Col or = Col or. Bl ue;
for (int i =0; i <7; i++)

ds. AddPoi nt (new Poi nt F(i / 1. 0f,
(float)Math. Cos(i / 1.0f)));
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}
chart 2D1. QDat aCol | ecti on. Add(ds) ;

}

Note that at the top of the program, we add a line at the end of the usi ng clauses:

usi ng Chart 2DLi b;

Form/

Sing and Cosine Chart

15

14

05

This is ¥ axis

-0.5

== SiNE
—— Cozine

?“----Q\
s

1.5

This is ¥ axis

Figure 7-8 Chart created using the Chart2D user control.

This way, we save a lot of typing, since we do not need to fully qualify each item before using it.
Here we set the chart 2D1 properties using code. You can also change its properties directly

from the property browser.

You might note that we set the chart 2D1’s dock property to Fill, and its Chart Ar ea
background color to Whi t e using a simple code snippet:

chart 2D1. Dock = DockStyle.Fill;
chart 2D1. QChart Ar ea. Char t BackCol or = Col or. Wi t e;

You can access and set all of the properties of the chart2D1 control in the same manner.
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The rest of this code listing is similar to the For niL. ¢cs code listing of Exanpl e3_4 in Chapter
3. Building and executing this project, you should obtain the results of Figure 7-8, which is
exactly the same as Figure 3-8 in Chapter 3.

With the Chart 2D control, you can easily create multiple charts in a single Form. Let’s start a
new C# Windows Application project, Example7 2. Add a 2x2 Tabl eLayout Panel control to
For mL. Add a Chart 2D control to each of the four cells of the Tabl eLayout Panel control,
as shown in Figure 7-9. Add the following code listing to For mil class:

usi ng System

usi ng System Dr awi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em W ndows. For ns;

usi ng Chart2DLi b;

nanmespace Exanpl e7_2

{

public partial class Fornl : Form

{
private DataSeries ds;

publ i c Formil()
{
InitializeConponent();
t abl eLayout Panel 1. Dock = DockStyle.Fill;
chart 2D1. Dock DockStyle. Fill;
chart 2D2. Dock DockStyle. Fill;
chart 208. Dock DockStyle. Fill;
chart 2D4. Dock DockStyle. Fill;
ds = new DataSeries();
chart 2D4. CLegend. | sLegendV si bl e = true;
AddDat a() ;

}

private void AddDat a()

{
float x, y, x2, y2;

/l Create sub-chart 1 (0, 0):

[/ Paraneters for sub-chart 1 (0, 0):

chart 2D1. QLabel . Ti ckFont = new Font ("Arial", 7,
Font Styl e. Regul ar) ;

chart 2D1. QLabel . Ti ckFont = new Font ("Arial", 7,
Font Styl e. Regul ar) ;

chart2Dl. QTitle. Titl eFont = new Font ("Arial", 10,
Font Styl e. Regul ar) ;

chart 2D1. C2XAxi s. XLinM n = Of;;

chart 2D1. C2XAxi s. XLi mvax = 7f;

chart2Dl. @QYAXi s. YLinM n = -1.5f;

chart 2D1. QVYAXi s. YLi nivlx = 1. 5f;

chart 2D1. C2XAxi s. XTick = 1. 0f;

chart 2D1. QYAXi s. YTi ck 0. 5f;

chart2Dl. QTitle. Title = "Sn(x)";
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Figure 7-9 Add four Chart2D controls onto Form1.

/! Add Sin(x) data to sub-chart 1:

chart 2D1. QDat aCol | ecti on. Dat aSeri esList.dear();
ds = new DataSeries();

ds. Li neStyl e. Li neCol or Col or. Red;

ds. Li neStyl e. Thi ckness 2f ;

ds. LineStyl e. Pattern = DashStyl e. Dash;

for (int i =0; i <50; i++)

{

i / 5.0f;
(float)Mth. Sin(x);
s. AddPoi nt (new Poi nt F(x, Y));

X
y
d

}
chart 2D1. CDat aCol | ecti on. Add(ds);
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/| Create sub-chart 2 (0, 1):

/|l Paraneters for sub-chart 2 (0, 1):

chart 2D2. QLabel . Ti ckFont = new Font ("Arial", 7,
Font Styl e. Regul ar) ;

chart2D2. QTitle. Titl eFont = new Font ("Arial", 10,
Font Styl e. Regul ar) ;

chart2D2. @2XAxi s. XLinM n = Of;

chart 2D2. C2XAxi s. XLi niax = 7f;

chart2D2. QYAxi s. YLinMn = -1.5f;

chart 2D2. CYAXi s. YLi mvax = 1. 5f;

chart 2D2. @2XAxi s. XTick = 1. 0f;
chart 2D2. QYAXi s. YTick = 0. 5f;
chart2D2. Q2Title. Title = "Cos(x)";

/1 Add Cos(x) data sub-chart 2:
chart 2D2. C2Dat aCol | ecti on. Dat aSeri esLi st. d ear ();
ds = new DataSeries();
ds. Li neStyl e. Li neCol or = Col or. Bl ue;
ds. Li netyl e. Thi ckness = 1f;
ds. Synbol Styl e. Synbol Type =
Synbol Styl e. Synbol TypeEnum QpenD anond;

for (int i =0; i <50; i++)
{
x =i [ 5.0f;
y = (float) Mt h. Cos(x);
ds. AddPoi nt (new Poi nt F(x, y));

}
chart 2D2. QDat aCol | ecti on. Add(ds) ;
/1 Oreate sub-chart 3 (1, 0):

/1 Paraneters for sub-chart 3 (1, 0):

chart 208. CLabel . Ti ckFont = new Font ("Arial", 7,
Font Styl e. Regul ar) ;

chart2D8. Q2Title. Titl eFont = new Font ("Arial", 10,
Font Styl e. Regul ar) ;

chart2D8. C2XAxi s. XLinM n = Of;

chart 208. C2XAxi s. XLi nivax = 7f;

chart2D8. @QYAXxi s. YLinM n = -0. 5f;

chart 208. QVYAXi s. YLi nivlx = 1. 5f;

chart 2D8. C2XAxi s. XTick = 1. 0f;
chart 208. QVYAXi s. YTick = 0. 5f;
chart2D38. QTitle. Title = "Sin(x)"2";

/1 Add Sin(x)"2 data to sub-chart 3:
chart 2D3. CDat aCol | ecti on. Dat aSeri esLi st.d ear();
ds = new DataSeries();
ds.LineStyle.lsVisible = fal se;
ds. Synbol Styl e. Synbol Type =
Synbol Styl e. Synbol TypeEnum Dot ;
ds. Synbol Style. Fill Col or = Col or. Yel | ow,
ds. Synbol Styl e. Border Col or = Col or. Dar kCyan;
for (int i =0; i <50; i++)
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x =i [ 5.0f;
y = (float)Mth. Sin(x);
ds. AddPoi nt (new Poi nt F(x, y * y));

}
chart 2D3. QDat aCol | ecti on. Add(ds) ;
/1 Oreate sub-chart 4 (1, 1):

/1 Paraneters for sub-chart 4 (1, 1):

chart 2D4. C2Y2Axi s. | sY2AXi s = true;

chart2D4. QQid.IsX@id = fal se;

chart2D4. 2Qid.IsYQid = fal se;

chart 2D4. QLabel . Ti ckFont = new Font ("Arial", 7,
Font Styl e. Regul ar) ;

chart2D4. QTitle. Titl eFont = new Font ("Arial", 10,
Font Styl e. Regul ar) ;

chart2D4. @2XAxi s. XLinM n = Of;
chart 2D4. C2XAxi s. XLi mivax = 30f;
chart 2D4. QYAXi s. YLimMM n = -20f;
chart 2D4. QYAXi s. YLi mivax = 20f;
chart 2D4. C2XAxi s. XTi ck = 5. 0Of ;
chart 2D4. QYAXi s. YTick = 5f;

chart 2D4. QY2Axi s. Y2Li M n = 100f;
chart 2D4. QY2AXi s. Y2Li nivax = 700f ;
chart 2D4. QY2Axi s. Y2Ti ck = 100f;
chart 2D4. CLabel . XLabel = "X Axis";
chart 2D4. CLabel . YLabel = "Y Axis";
chart 2D4. CLabel . Y2Label = "Y2 AXxis";
chart2D4. QTitle. Title = "Wth Y2 Axis";
chart 2D4. QLegend. | sLegendMi si bl e = true;
chart 2D4. CLegend. LegendPosi ti on =

Legend. LegendPosi t i onEnum Sout hEast ;

/1 Add y1 and y2 data to sub-chart 4:

chart 2D4. C2Dat aCol | ecti on. Dat aSeri esLi st. d ear ();
// Add y1 data:

ds = new DataSeries();

ds. Li neStyl e. Li neCol or = Col or. Red;

ds. Li neStyl e. Thi ckness = 2f;

ds.LineStyle. Pattern = DashStyl e. Dash;

ds. Seri esName = "x1*cos(x1)";

for (int i =0; i <20; i++)

float x1 = 1.0f * i;
float yl = x1 * (float)Math. Cos(x1);
ds. AddPoi nt (new Poi nt F(x1, y1));

}

chart 2D4. QDat aCol | ecti on. Add(ds) ;
// Add y2 data:

ds = new DataSeries();

ds. Li neStyl e. Li neCol or Col or. Bl ue;
ds. Li neStyl e. Thi ckness 2f ;

ds. SeriesName = "100 + 20*x2";
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ds.|sY2Data = true;

for (int i =5; i <30; i++)
{
x2 = 1.0f * i;
y2 = 100.0f + 20.0f * x2;
ds. AddPoi nt (new Poi nt F(x2, y2));

}
chart 2D4. QDat aCol | ecti on. Add(
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Figure 7-10 Sub-charts created using Chart2D user controls.
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This class implements a 2x2 sub-charts, similar to the project Example3 6 in Chapter 3. It can be
seen that like any other built-in control, you can place as many Char t 2D controls as you need in
a single For m C# and .NET assign the default names for each Char t 2D control as char t 2D1,
chart 2D2, etc.

This project produces the output of Figure 7-10, which is the same as Figure 3-12 in Chapter 3.

User Control for 3D Charts

In this section, we will create a custom user control for 3D chart applications. Specifically, we
want to convert the 3D chart project Example6 3 in Chapter 6 into a 3D chart user control. In this
control, we expect that most of the properties in the Chart St yl e class should appear in the
property browser, and can be accessed and changed from this browser at design time. In addition,
we want to modularize the properties in the Chart St yl e class into several groups according to
their functionalities so that the properties in the property browser become more organized.

Creating User Control

The procedure for creating the user control for 3D charts is the same as it is in case of 2D charts.
You can create the Chart 3DLi b control library and the Chart 3D control by the following
steps:

* In the File menu, point to New and select Project to open the New Project dialog box.

*  Select the Windows Control Library project template from the list of C# Projects and type
Char t 3DLi b in the Name box.

+  In the Solution Explorer, right-click UserControll and select View Code from the shortcut
menu. Locate the Cl ass statement publ i ¢ ¢l ass User Cont r ol 1 and change
User Cont r ol 1 to Char t 3Dto change the name of the component.

*  Locate the constructor publ i ¢ User Cont r ol 1() and change User Control 1 to
Chart 3D.

* In the Solution Explorer, click User Cont r ol 1. In the property window, change the
FileName property to Chart 3D. cs.

* AddtheBar Styl e, Chart Styl e, Chart Styl e2D, Col or Map, Dat aSeri es,
DrawChart,Li neStyl e, Mat ri x3, Poi nt 3, and Poi nt 4, classes from Example6 3
to the current project and change their namespace to Char t 3DLi b.

Next, we need to convert the classes from Example6 3 into classes compatible with the user
control.

ChartStyle Class

For the Chart 3D user control, the chart area is set to be the client rectangle of the Chart 3D
form, instead of the size of the Pl ot Panel as it was in Example6_3. This means that the panel
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control is not needed in creating the Char t 3D control. Correspondingly, several related classes,
including Char t St yl e, Chart St yl e2D, Dr awChar t, and Poi nt 3, need to be modified.

First, we want to modularize original Chart St y| e class and convert it into a format compatible
with the user control using the TypeConverter:

usi ng System

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em Conponent Model ;

namespace Chart 30Li b

{
public class ChartStyle

{
private Chart3D chart 3d;

private bool isColorBar = fal se;

public Chart Styl e(Chart 3D ct 3d)

{
chart3d = ct 3d;
}
publ i c bool 1sCol orBar
{
get { return isColorBar; }
set { isColorBar = value; }
}
private Point3[] CoordinatesC Chart Box(Axes ax, ViewAngl e va)
{

// Oeate coordinate of the axes:
Poi nt3[] pta = new Poi nt 3[ 8] ;

pta[ 0] = new Poi nt 3(ax. XMax, ax.YMn, ax.ZMn, 1);
pta[1] = new Point3(ax. XM n, ax.YMn, ax.ZMn, 1);
pta[2] = new Point3(ax. XM n, ax. YMax, ax.ZMn, 1);
pta[3] = new Poi nt3(ax. XM n, ax. YMax, ax.ZzZMax, 1);
pta[4] = new Point3(ax. XM n, ax. YMn, ax.zZMax, 1);
pta[5] = new Poi nt 3(ax. XMax, ax. YMn, ax.ZzZMax, 1);
pta[ 6] = new Poi nt 3(ax. XMax, ax. YMax, ax.ZMax, 1);
pta[ 7] = new Poi nt 3(ax. X\vax, ax. YMax, ax.ZMn, 1);

Poi nt 3[] pts = new Point 3[4];
int[] npts = newint[4] { O, 1, 2, 3};
if (va.Hevation >= 0)

{
if (va.Azinuth >= -180 && va. Azi mith < -90)

{
npts = newint[4] { 1, 2, 7, 6 };

}
else if (va.Azimuth >= -90 & va. Azimuth < 0)
{

}

npts = newint[4] { 0, 1, 2, 3};
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else if (va.Azimuth >= 0 && va. Azi nuth < 90)
{
npts = newint[4] { 7, 0, 1, 4};

}
else if (va.Azimuth >= 90 && va. Azi mith <= 180)
{

}

else if (va.Hevation < 0)

npts = newint[4] { 2, 7, 0, 5};

if (va.Azinuth >= -180 &% va. Azi muth < -90)

{
npts = newint[4] { 1, 0, 7, 6 };

else if (va.Azinuth >= -90 & va. Azinuth < 0)

{
npts = newint[4] { 0, 7, 2, 3};

}
else if (va.Azimuth >= 0 & va. Azi nuth < 90)
{

npts = newint[4] { 7, 2, 1, 4};

}
else if (va.Azinuth >= 90 && va. Azi mith <= 180)

{ npts = newint[4] { 2, 1, 0, 5};
}

}

for (int i =0; i <4; i+
pts[i] = pta[npts[i]];

return pts;

}

public void AddChart Styl e(Q aphics g, Axes ax,
ViewAngl e va, @Qid gd, Chartlabels cl)

{
AddTi cks(g, ax, va, cl);
AddG@ids(g, ax, va, gd, cl);
AddAxes(g, ax, va, cl);
AddLabel s(g, ax, va, cl);

}

private void AddAxes(G aphics g, Axes ax,
Vi ewAngl e va, Chartlabels cl)

Matrix3 m= Matrix3. Azi nut hEl evati on(va. B evati on,
va. Azi mut h) ;

Point 3[] pts = Coordi nat esCf Chart Box(ax, va);

Pen aPen = new Pen(ax. Axi sStyl e. Li neCol or,
ax. Axi sStyl e. Thi ckness) ;
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}

aPen. DashStyl e = ax. Axi sStyl e. Pattern;
for (int i =0; i < pts.Length; i++)
{
pts[i].Transforn{m chart3d, ax, this, cl);

}

g. DrawLi ne(aPen, pts[0].X pts[O].Y, pts[1].X pts[1].V);
g. DrawLi ne(aPen, pts[1].X pts[1].Y, pts[2].X pts[2].V);
g. DrawLi ne(aPen, pts[2].X pts[2].Y, pts[3].X pts[3].V);
aPen. D spose();

private void AddTi cks(@Q aphics g, Axes ax, Vi ewAngle va,

{

ChartLabel s cl)

Matri x3 m= Matrix3. Azi nut hH evati on(va. B evati on,
va. Azi mut h) ;
Poi nt 3[] pta = new Point3[2];
Point 3[] pts = Coordi nat esCf Chart Box(ax, va); ;
Pen aPen = new Pen(ax. Axi sStyl e. Li neCol or,
ax. Axi sStyl e. Thi ckness) ;
aPen. DashStyl e = ax. Axi sStyl e. Pattern;

// Add x ticks:
float offset = (ax. YMax - ax. YMn) / 30.0f;
float ticklength = offset;
for (float x = ax. XM n; x <= ax. XMax; X = x + ax. XTi ck)
{

if (va.Hevation >= 0)

{

if (va.Azimuth >= -90 & va. Azi nuth < 90)
ticklength = -of fset;

else if (va.Hevation < 0)

if ((va.Azinuth >= -180 && va. Azimuth < -90) ||
va. Azi uth >= 90 && va. Azi muth <= 180)
ticklength = - (ax. YMax - ax. YMn) / 30;

}

pta[0] = new Poi nt3(x, pts[1].Y + ticklength,
pts[1].Z pts[1].W;

pta[1] = new Point3(x, pts[1].Y, pts[1].Z, pts[1].W;

for (int i =0; i < pta. Length; i++)

pta[i].Transform(m chart3d, ax, this, cl);

g. DrawLi ne(aPen, pta[0].X ptaf0].Y,
} pta[1].X pta[1].Y);

/1 Add y ticks:

of fset = (ax. XMax - ax. XM n) / 30. Of;

ticklength = of fset;

for (float y = ax.YMn; y <= ax. YMax; y =y + ax. YTi ck)
{
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}

pts = Coordi nat esCf Chart Box(ax, va); ;
if (va.Hevation >= 0)
{
if (va.Azimuth >= -180 & va. Azimuth < 0)
ticklength = -of fset;

else if (va.BHevation < 0)

{
if (va.Azimuth >= 0 & va. Azi muth < 180)

ticklength = -offset;

}
pta[0] = new Point3(pts[1].X + ticklength, vy,
pts[1].Z pts[1].W;
pta[1l] = new Point3(pts[1].X vy, pts[1].Z pts[1l].W;
for (int i =0; i < pta. lLength; i++)
{
pta[i].Transform(m chart3d, ax, this, cl);

g. DrawLi ne(aPen, pta[0].X ptaf0].Y,
pta[1].X pta[1].Y);

float xoffset = (ax. XMax - ax. XMn) / 45.0f;

float yoffset = (ax. YMax - ax. YMn) / 20.0f;

float xticklength = xof fset;

float yticklength = yoffset;

for (float z = ax.ZMn; z <= ax.ZMax; z = z + ax. ZTi ck)

{

if (va.Hevation >= 0)

{
if (va.Azimuth >= -180 && va. Azi nuth < -90)
xticklength = 0;
ytickl ength = yof fset;
}
else if (va. Azimuth >= -90 & va. Azimuth < 0)
xtickl ength = xof f set;
yticklength = 0O;
else if (va.Azimuth >= 0 & va. Azi muith < 90)
xticklength = 0;
yticklength = -yoffset;
}
else if (va.Azinuth >= 90 & va. Azi nuth <= 180)
{
xticklength = -xof fset;
yticklength = 0O;
}
else if (va.Bevation < 0)
{

if (va.Azimuth >= -180 & va. Azi muth < -90)
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0.

ytickl ength ;
xof f set ;

xti ckl ength

}
else if (va. Azimuth >= -90 && va. Azimuth < 0)

ytickl ength

-yof f set;
xtickl ength ;

0;

}
else if (va.Azimuth >= 0 & va. Azi muith < 90)

yticklength = 0O;
xticklength = -xof fset;
}
else if (va.Azimuth >= 90 && va. Azi nuth <= 180)
{
ytickl ength = yof fset;
xticklength = 0;
}

}

pta[0] = new Point3(pts[2].X pts[2].Y, z, pts[2].W;

pta[1] = new Poi nt 3(pts[2].X + ytickl ength,
pts[2].Y + xticklength, z, pts[2].W;

for (int i =0; i < pta.lLength; i++)

pta[i].Transform(m chart3d, ax, this, cl);

g. DrawLi ne(aPen, pta[0].X pta[0].Y,
pta[1].X pta[1].Y);

}
aPen. Di spose() ;
}

private void AAdd@ids(Gaphics g, Axes ax,
ViewAngle va, GQid gd, Chartlabels cl)
{

Matrix3 m= Matrix3. Azi nut hE evati on(va. H evati on,
va. Azi nut h) ;

Point3[] pta = new Point3[3];

Poi nt 3[] pts = Goordi nat esCr Chart Box(ax, va);

Pen aPen = new Pen(gd. Qi dStyl e. Li neCol or,
gd. @i dstyl e. Thi ckness) ;

aPen. DashStyl e = gd. GidStyl e. Pattern;

// Draw x gridlines:
if (gd.lsXaid)
{

for (float x = ax. XM n; x <= ax. XMax;
X = X + ax. XTi ck)
{

pts = Coordi nat esCf Chart Box(ax, va);

pta[0] = new Point3(x, pts[1].Y,
pts[1].Z, pts[1l].W;

if (va.Hevation >= 0)
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if ((va. Azimuth >= -180 &&
va. Azimuth < -90) ||
(va. Azimuth >= 0 & va. Azi muth < 90))

pta[1] = new Point3(x, pts[0].Y,
pts[1].Z, pts[1l].W;

pta[2] = new Point3(x, pts[0].Y,
pts[3].Z, pts[1l].W;

}
el se
pta[1] = new Point3(x, pts[2].Y,
pts[1].Z pts[1].W;
pta[2] = new Point3(x, pts[2].Y,
pts[3].Z pts[1].W;
}

else if (va.Bevation < 0)

if ((va.Azinuth >= -180 && va. Azi mith < -90)
|| (va.Azinmuth >= 0 && va. Azi muth < 90))

pta[1] = new Point3(x, pts[2].Y,
pts[1].Z, pts[1].W;

pta[2] = new Point3(x, pts[2].Y,
pts[3].Z, pts[1l].W;

}

el se

pta[1] = new Point3(x, pts[0].Y,
pts[1].Z pts[1].W;

pta[2] = new Point3(x, pts[0].Y,
pts[3].Z pts[1].W;

for (int i =0; i < pta.Length; i++)
{
ptafi].Transforn{m chart3d, ax, this, cl);

}
g. DrawLi ne(aPen, pta[0].X pta[0].Y,
pta[1].X pta[1].Y);
g. DrawLi ne(aPen, pta[l].X pta[l].Y,
} pta[2]. X pta[2].VY);
}
// Drawy gridlines:
if (gd.1sYQid)

for (float y = ax. YMn; y <= ax. YMax;
y =y + ax. YTi ck)
{
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pts = Coordi nat esCf Chart Box(ax, va);
pta[0] = new Point3(pts[1].X v,

pts[1].Z, pts[1l].W;
if (va.Hevation >= 0)

if ((va.Azimuth >= -180 && va. Azinuth < -90)
|| (va.Azinmuth >= 0 & va. Azi muth < 90))

pta[1] = new Point3(pts[2].X v,

pts[1].Z, pts[1].W;
pta[2] = new Point3(pts[2].X v,

pts[3].Z pts[1l].W;

el se

{
pta[1] = new Point3(pts[0].X v,

pts[1].Z pts[1].W;
pta[2] = new Point3(pts[0].X v,
pts[3].Z pts[1l].W;

if (va.Hevation < 0)

if ((va.Azinuth >= -180 && va. Azi mith < -90)
|| (va.Azinmuth >= 0 && va. Azi muth < 90))

pta[1] = new Point3(pts[0].X v,

pts[1].Z, pts[1l].W;
pta[2] = new Point3(pts[0].X v,

pts[3].Z, pts[1l].W;
el se

pta[1] = new Point3(pts[2].X v,

pts[1].Z, pts[1].W;
pta[2] = new Point3(pts[2].X v,

pts[3].Z pts[1l].W;

}
for (int i =0; i <pta Length; i++)
{
pta[i].Transforn{m chart3d, ax, this, cl);

g. DrawLi ne(aPen, pta[0].X pta[0].Y,
pta[1].X pta[1].Y);
g. DrawLi ne(aPen, pta[l1].X pta[l].Y,
pta[2].X pta[2].Y);
}

/!l Draw Z gridlines:
if (gd.1szQid)
{

for (float z = ax.ZM n; z <= ax. ZMax;
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z = z + ax. ZTick)

pts = Coordi nat esCf Chart Box(ax, va);

pta[0] = new Point3(pts[2].X pts[2].Y,
z, pts[2].W;

if (va.Hevation >= 0)

if ((va.Azimuth >= -180 && va. Azi nuth < -90)
|| (va.Azinmuth >= 0 & va. Azi muth < 90))

{
pta[1] = new Point3(pts[2].X pts[0].Y,
z, pts[1].W;
pta[2] = new Point3(pts[0].X pts[O].Y,
z, pts[1].W;
}
el se
pta[1] = new Point3(pts[0].X pts[2].Y,
z, pts[1].W;
pta[2] = new Point3(pts[0].X pts[1].Y,
z, pts[1].W;
}

if (va.Hevation < 0)

if ((va.Azinuth >= -180 && va. Azi muth < -90)
|| (va.Azinuth >= 0 && va. Azi muith < 90))

{
pta[1l] = new Point3(pts[0].X pts[2].Y,
z, pts[1].W;
pta[2] = new Point3(pts[0].X pts[0].Y,
z, pts[1].W;
}
el se
pta[1l] = new Point3(pts[2].X pts[0].Y,
z, pts[1].W;
pta[2] = new Point3(pts[0].X pts[0].Y,
z, pts[1].W;
}
for (int i =0; i < pta.Length; i++)

ptafi].Transforn{m chart3d, ax, this, cl);

g. DrawLi ne(aPen, pta[0].X pta[0].Y,
pta[1].X pta[1].Y);

g. DrawLi ne(aPen, pta[l].X pta[l].Y,
pta[2].X pta[2].V);
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private void AddLabel s(G aphics g, Axes ax,
Vi ewAngl e va, Chartlabels cl)
{

Matrix3 m= Matrix3. Azi nut hH evati on(va. H evati on,
va. Azi mut h) ;
Point 3 pt = new Point 3();
Point 3[] pts = Coordi nat esC Chart Box(ax, va);
Sol i dBrush aBrush = new Sol i dBrush(cl . Label Font Col or) ;
StringFormat sf = new StringFornat();
sf.Alignment = StringAlignnent. Center;

/1 Add x tick |abels:

float offset = (ax. YMax - ax. YMn) / 20;

fl oat |abel Space = of fset;

for (float x = ax. XM n + ax. XTi ck; x < ax. XMax;
X = X + ax. XTi ck)

{
if (va.Hevation >= 0)
if (va.Azimuth >= -90 & va. Azi nuth < 90)
| abel Space = -of fset;
else if (va.Bevation < 0)
if ((va.Azinuth >= -180 && va. Azi nuth < -90)
|| va.Azimuth >= 90 && va. Azi muth <= 180)
| abel Space = -of fset;
}
pt = new Point3(x, pts[1].Y + |abel Space,
pts[1].Z pts[1].W;
pt. Transform{m chart3d, ax, this, cl);
g. Drawstring(x. ToString(), cl.TickFont, aBrush,
new Point F(pt. X, pt.Y), sf);
}

/!l Add y tick | abels:

of fset = (ax. XMax - ax. XMn) / 20;

| abel Space = of f set;

for (float y = ax. YMn + ax. YTick; y < ax. YMax;
y =y + ax. YTi ck)

{

pts = Coordi nat esCf Chart Box(ax, va);
if (va.Hevation >= 0)

if (va.Azimuth >= -180 & va. Azimuth < 0)
| abel Space = -of fset;

else if (va.BHevation < 0)

if (va.Azimuth >= 0 & va. Azi muith < 180)
| abel Space = -offset;

}
pt = new Poi nt3(pts[1].X + | abel Space, v,



Chapter 7 Charts and User Controls 431

pts[1].Z, pts[1].W;
pt. Transforn{m chart3d, ax, this, cl);
g.Drawstring(y. Tostring(), cl.TickFont, aBrush,
new Point F(pt. X, pt.Y), sf);

}

/1 Add z tick |abels:
float xoffset = (ax. XMax - ax. XM n) / 30.0f;
float yoffset = (ax. YMax - ax.YMn) / 15.0f;
float x| abel Space = xof fset;
float yl abel Space = yoffset;
SizeF s = g. MeasureString("A', cl.TickFont);
for (float z = ax.ZMn; z <= ax.ZMax; z = z + ax. ZTi ck)
{

sf.Alignnent = StringAlignnent. Far;

pts = Coordi nat est Chart Box(ax, va);

if (va.Bevation >= 0)

if (va.Azimuth >= -180 & va. Azi muth < -90)

O.

x| abel Space ;
yof f set;

yl abel Space

}
else if (va.Azimuth >= -90 & va. Azimuth < 0)

xof f set;
0;

x| abel Space
yl abel Space

}
else if (va. Azimuth >= 0 & va. Azimith < 90)

O.

x| abel Space ;
-yof fset;

yl abel Space

else if (va.Azimuth >= 90 && va. Azi nuth <= 180)

- xof f set ;
0;

x| abel Space
yl abel Space

}

else if (va.Hevation < 0)
if (va.Azimuth >= -180 && va. Azi nuth < -90)

yl abel Space = 0;
x| abel Space = xof f set;

}
else if (va.Azinuth >= -90 & va. Azimuth < 0)

yl abel Space
x| abel Space

-yof f set;
0;

else if (va.Azimuth >= 0 & va. Azimith < 90)
{
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O.

yl abel Space ;
- xof f set ;

x| abel Space

}
else if (va.Azimuth >= 90 & va. Azi nuth <= 180)

yl abel Space
x| abel Space

yof f set;
0;

}

pt = new Point3(pts[2].X + yl abel Space,
pts[2].Y + x|l abel Space, z, pts[2].W;

pt. Transforn{m chart3d, ax, this, cl);

g. Drawstring(z. Tostring(), cl.TickFont, aBrush,
new Poi nt F(pt. X - | abel Space, pt.Y —
s.Height / 2), sf);

}

/1 Add Title:

sf.Alignment = StringAlignnent. Center;

aBrush = new Sol i dBrush(cl.TitleColor);

if (cl.Title!="No Title")

{

g-Drawstring(cl . Title, cl.TitleFont, aBrush,

new Poi nt F(chart3d. Wdth / 2,
chart3d. Height / 30), sf);

aBr ush. Di spose();

/1 Add x axis |abel:

offset = (ax. YMax - ax. YMn) / 3;

| abel Space = of f set;

sf.Alignnent = StringAlignment.Center;
aBrush = new Sol i dBrush(cl . Label Font Col or);
float offsetl = (ax. XMax - ax.XMn) / 10;
float xc = offset1;

if (va.Hevation >= 0)

if (va.Azinuth >= -90 && va. Azimnuth < 90)
| abel Space = -of fset;

if (va.Azinuth >= 0 & va. Azi muth <= 180)
xc = -offsetl;

else if (va.Bevation < 0)

if ((va.Azimuth >= -180 & va. Azimuth < -90) ||
va. Azinuth >= 90 && va. Azi nuth <= 180)
| abel Space = -offset;

if (va.Azimuth >= -180 & va. Azi muth <= 0)
xc = -offsetl,

}

Point 3[] pta = new Point 3[ 2] ;

pta[0] = new Point3(ax. XM n, pts[1].Y + | abel Space,
pts[1].Z, pts[1].W;
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pta[1] = new Point3((ax. XM n + ax. XMax) / 2 - Xc,
pts[1].Y + | abel Space,
pts[1].Z pts[1].W;
pta[0]. Transforn{m chart3d, ax, this, cl);
pta[1]. Transforn{m chart3d, ax, this, cl);
float theta = (float)NMath. Atan((pta[1l].Y - pta[0].Y) /
(pta[1].X - pta[0].X));
theta = theta * 180 / (float)Math.Hl;
QG aphi csState gs = g. Save();
g. Transl ateTransforn{pta[1] . X ptal[l].Y);
g. Rot ateTransforn(theta);
g. Drawstring(cl . XLabel , cl. Label Font, aBrush,
new Poi nt F(0, 0), sf);
g. Restore(gs);

// Add y axis |abel:
offset = (ax. XMax - ax. XMn) / 3;
offsetl = (ax. YMax - ax. YMn) / 5;
| abel Space = of fset;
float yc = ax. YTi ck;
if (va.Hevation >= 0)
{
if (va. Azimuth >= -180 & va. Azimuth < 0)
| abel Space = -of fset;
if (va. Azimuth >= -90 & va. Azi nuth <= 90)
yc = -offsetl;

else if (va.BHevation < 0)
{
yc = -offsetl;
if (va.Azinuth >= 0 & va. Azi muth < 180)
| abel Space = -of fset;
if (va.Azinuth >= -90 && va. Azi muth <= 90)
yc = of fset 1,

}
pta[0] = new Poi nt 3(pts[1].X + | abel Space,
ax.YMn, pts[1].Z pts[1].W;
pta[1] = new Point3(pts[1].X + | abel Space, (ax. YMn +
ax. YMax) / 2 + yc, pts[1].Z pts[1].W;
pta[0]. Transforn{m chart3d, ax, this, cl);
pta[1]. Transforn{m chart3d, ax, this, cl);
theta = (float)Math. Aan((pta[l1].Y - pta[0].Y) /
(pta[1].X - pta[0].X));
theta = theta * 180 / (float)Math.Pl;
gs = g.Save();
g. Transl ateTransform(pta[1]. X, pta[l].VY);
g. Rot ateTransforn{theta);
g. Drawstring(cl . YLabel, cl.Label Font, aBrush,
new Poi nt F(0, 0), sf);
g. Restore(gs);

// Add z axis |abels:
float zticklength = 10;
| abel Space = -1.3f * offset;
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offsetl = (ax. ZMax - ax.ZMn) / 8;
float zc = -offsetl;
for (float z = ax.ZMn; z < ax.ZMax; z = z + ax. ZTi ck)

{
Si zeF size = g. MeasureString(z. Tostring(),
cl . Ti ckFont);
if (zticklength < size. Wdth)
zticklength = size. Wdt h;
}

float zlength = -zticklength;
if (va.Hevation >= 0)

if (va. Azimuth >= -180 & va. Azi muth < -90)
zlength = -ztickl engt h;
| abel Space = -1.3f * offset;
zc = -offsetl;

}

else if (va.Azinuth >= -90 & va. Azimuth < 0)
zlength = ztickl engt h;
| abel Space = 2 * offset / 3;
zc = offsetl,

}

else if (va.Azinuth >= 0 & va. Azi muth < 90)
zl ength = ztickl engt h;
| abel Space = 2 * offset / 3;
zc = -offsetl;

}
else if (va.Azinuth >= 90 &% va. Azi muth <= 180)

{
zlength = -ztickl engt h;
| abel Space = -1.3f * offset;
zc = offsetl;

}

else if (va.Hevation < 0)

if (va.Azinuth >= -180 && va. Azi mith < -90)

{
zlength = -ztickl engt h;
| abel Space = -1.3f * offset;
zc = of fsetl;

}
else if (va.Azinuth >= -90 & va. Azimuth < 0)

{
zl ength = ztickl engt h;

| abel Space = 2 * offset / 3;
zc = -offset1;

}
else if (va.Azinuth >= 0 & va. Azi muth < 90)

{
zlength = ztickl engt h;
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| abel Space = 2 * offset / 3;
zc = offsetl;

}
else if (va.Azinuth >= 90 & va. Azi nuth <= 180)

zlength = -ztickl engt h;
| abel Space = -1.3f * offset;
zc = -offset1;

}

}

pta[0] = new Point3(pts[2].X - |abel Space, pts[2].Y,
(ax.ZMn + ax.zZMax) / 2 + zc, pts[2]. W;

pta[0]. Transforn{m chart3d, ax, this, cl);

gs = g. Save();

g. Transl ateTransforn{pta[0].X - zlength, pta[0].Y);

g. Rot at eTr ansf or m(270) ;

g. Drawstring(cl . ZLabel , cl. Label Font, aBrush,
new Poi nt F(0, 0), sf);

g. Restore(gs);

}

[ TypeConvert er (t ypeof (AxesConverter))]
public cl ass Axes

{
LineStyl e axi sStyl e;

private float xMax = 5f;
private float xMn = -5f;
private float yMax = 3f;
private float yMn = -3f;
private float zMax = 6f;
private float zMn = -6f;
private float xTick = 1f;
private float yTick = 1f;
private float zTick = 3f;

private Chart3D chart 3d;
publ i c Axes(Chart 3D ct 3d)

chart3d = ct3d;
axi sStyle = new LineStyle();

[Description("Sets line style for the axes."),
Cat egor y( " Appear ance") ]
public LineStyle AxisStyle
{
get { return axisStyle; }
set
{
axi sStyle = val ue;
chart 3d. I nval i date();
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}

[Description("Sets the mninumlint for the X axis."),
Cat egor y( " Appear ance") ]
public float XMn

{
get { return xMn; }
set
{
XM n = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the naximumlimt for the X axis."),
Cat egor y( " Appear ance") ]
public float Xvax

{
get { return xMax; }
set
{
xMax = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the ticks for the X axis."),
Cat egor y( " Appear ance") ]
public float XTick

{
get { return xTick; }
set
xTi ck = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the mninumlint for the Y axis."),
Cat egor y(" Appear ance") ]
public float YMn

{
get { return yMn; }
set
{
yMn = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the maxinumlinit for the Y axis."),
Cat egor y( " Appear ance") ]
public float YMax

{
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get { return yMax; }
set
{
yMax = val ue;
chart 3d. I nval i date();

}

[Description("Sets the ticks for the Y axis."),
Cat egor y( " Appear ance") ]
public float YTick

{
get { return yTick; }
set
{
yTi ck = val ue;
chart3d. I nvalidate();
}
}

[Description("Sets the mninumlint for the Z axis."),
Cat egor y( " Appear ance") ]
public float ZMn

{
get { return zMn; }
set
{
zMn = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the maximnumlinit for the Z axis."),
Cat egor y(" Appear ance") ]
public float ZMax

{
get { return zMax; }
set
{
zMax = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the ticks for the Z axis."),
Cat egor y( " Appear ance") ]
public float ZTick
{
get { return zTick; }
set

zTick = val ue;
chart 3d. I nval i date();
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}

public class AxesConverter : TypeConverter

[/l Dsplay the “+" synbol near the property name
public override bool GetPropertiesSupported(

| TypeDescri pt or Cont ext cont ext)
{

}

public override PropertyDescriptorCollection
Get Properties(| TypeDescri pt or Cont ext cont ext,
object value, Attribute[] attributes)

return true;

return TypeDescri ptor. Get Properti es(typeof (Axes));

}

[ TypeConvert er (t ypeof (Chart Label sConverter))]
public class ChartLabel s

{
private string xLabel = "X Axis";
private string yLabel ="Y Axis";
private string zLabel = "Z Axis";

private Font |abel Font = new Font("Arial", 10,
Font Styl e. Regul ar) ;

private Col or | abel Font Col or = Col or. Bl ack;

private Font tickFont;

private Col or tickFont Col or = Col or. Bl ack;

private string title ="M 3D Chart";

private Font titleFont = new Font("Arial Narrow',
14, Font Style. Regul ar);

private Color titleColor = Col or. Bl ack;

private Chart3D chart 3d;

publ i c ChartLabel s(Chart 3D ct 3d)

chart3d = ct3d;
ti ckFont = ct3d. Font;
}

[Description("Creates a label for the X axis."),
Cat egor y( " Appear ance") ]
public string XLabel

{
get { return xLabel; }
set
xLabel = val ue;
chart3d. I nval i date();
}
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[Description("Creates a label for the Y axis."),
Cat egor y( " Appear ance") ]
public string YLabel

{
get { return ylLabel; }
set
yLabel = val ue;
chart3d. I nval i date();
}
}

[Description("Creates a | abel for the Z axis."),
Cat egor y( " Appear ance") ]
public string ZLabel

{
get { return zLabel; }
set
zLabel = val ue;
chart3d. I nval i date();
}
}

[Description("The font used to display the axis |abels."),
Cat egor y( " Appear ance") ]
public Font Label Font

{
get { return | abel Font; }
set
| abel Font = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the color of the axis |abels."),
Cat egor y(" Appear ance") ]
public Col or Label Font Col or

{
get { return | abel FontCol or; }
set
| abel Font Col or = val ue;
chart3d. I nval i date();
}
}

[Description("The font used to display the tick |abels."),
Cat egor y( " Appear ance") ]
public Font Ti ckFont

{
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get { return tickFont; }

set
{
ti ckFont = val ue;
chart 3d. I nval i date();
}

}

[Description("Sets the color of the tick |abels."),
Cat egor y( " Appear ance") ]
public Gol or TickFont Col or

{
get { return tickFontColor; }
set
{
ti ckFont Gol or = val ue;
chart3d. I nvalidate();
}
}

[Description("Sets title for the chart."),
Cat egor y( " Appear ance") ]
public string Title

{
get { return title; }
set
{
title = val ue;
chart3d. I nval i date();
}
}

[Description("The font used to display the title."),
Cat egor y(" Appear ance") ]
public Font TitleFont

{
get { return titleFont; }
set
titleFont = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the color of the title."),
Cat egor y( " Appear ance") ]
public Golor TitleCol or
{
get { return titleColor; }
set

titleColor = val ue;
chart 3d. I nval i date();
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}

public class ChartlLabel sConverter : TypeConverter

}

public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)

return true;

}

public override PropertyDescriptorCollection
Get Properties(| TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)

return TypeDescri ptor. Get Properti es(typeof (ChartLabel s));

[ TypeConvert er (typeof (G i dConverter))]
public class Gid

{

LineStyle gridStyle;

private bool isX&id = true;
private bool isY&id = true;
private bool isZ&Gid = true;

private Chart3D chart 3d;

public @Gid(Chart3D ct 3d)
chart3d = ct 3d;
gridStyle = new LineStyl e();

[Description("lndicates whether the X grid is show."),
Cat egor y(" Appear ance") ]
public bool IsX@id

{
get { return isX@id; }
set
isX@id = val ue;
chart3d. I nval i date();
}
}

[Description("Indicates whether the Y grid is show."),
Cat egor y( " Appear ance") ]
public bool 1sY&id
{
get { return isYy@id; }
set

isYQid = val ue;
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chart3d. I nval i date();

}

[Description("Indicates whether the Z grid is show."),
Cat egor y( " Appear ance") |
public bool 1szGid

{
get { returnisz@id; }
set
isZGid = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the line pattern for the
grid line style."), Category("Appearance")]
public LineStyle GidStyle

{
get { return gridStyle; }
set
{
gridstyle = val ue;
chart3d. I nval i date();
}
}

}

public class GidConverter : TypeConverter

public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)

return true;

}

public override PropertyDescriptorCollection
Get Properties(| TypeDescri pt or Cont ext cont ext,
object value, Attribute[] attributes)

return TypeDescriptor. Get Properties(typeof (Qid));
}

[ TypeConvert er (t ypeof (M ewAngl eConverter))]
public class ViewAngl e
{

private float el evation = 30;

private float azinuth = -37.5f;

private Chart3D chart 3d;

public M ewAngl e(Chart 3D ct 3d)
{



Chapter 7 Charts and User Controls 443

chart3d = ct 3d;
}

[Description("Sets the el evation angle."),
Cat egor y( " Appear ance") ]
public float H evation

{
get { return elevation; }
set
{
el evati on = val ue;
chart3d. I nval i date();
}
}

[Description("Sets the azimuth angle."),
Cat egor y(" Appear ance") ]
public float Azi muth

{
get { return azimth; }
set
{
azi muth = val ue;
chart3d. I nval i date();
}
}

}
public class Vi ewAngl eConverter : TypeConverter

public override bool GetPropertiesSupported(
| TypeDescri pt or Cont ext cont ext)

return true;

}

public override PropertyDescriptorCollection
Get Properti es(| TypeDescri pt or Cont ext cont ext,
obj ect value, Attribute[] attributes)

return TypeDescri ptor. Get Properti es(typeof (M ewAngl e));

}

Note that we have divided the original Chart St yl e class into several classes, including the
newly created Chart St yl e, Axes, Gi d, Chart Label s, and Vi ewAngl e classes, as well
as their corresponding TypeConvert er classes. There is only one property, | sCol or Bar ,
left in the Char t St yl e class.

The properties such as Chart Ar ea, Pl ot Ar ea and their corresponding background colors are
all contained in the Chart St yl e2D class. In this Char t 3D control, we do not want to expose
these properties in the property browser. These properties can be changed only through code.
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The properties of the other classes, including DrawChart, LineStyle, BarStyle,
Col or Map, etc., are not exposed in the property browser, so that these classes do not need to be
modified using Typer Conver t er . Their properties can only be changed through code.

Chart3D Class

The Char t 3D class hooks all of the classes together and performs the chart drawing within its
OnPai nt method. Additionally, it is responsible for which classes’ properties should be exposed
in the property browser. The following is its code listing:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Drawi ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System W ndows. For ns;

nanmespace Chart3DLib

public partial class Chart3D : UserControl
{
private ChartStyl e cs;
private Chart Styl e2D cs2d;
private DrawChart dc;
private DataSeries ds;
private Axes ax;
private Vi ewAngl e va;
private Gid gd;
private ChartlLabels cl;
private Col orMap cm

public Chart30DX()
{
InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
cs = new ChartStyl e(this);
cs2d = new Chart Styl e2D(t hi s);
dc = new DrawChart (this);
ds = new DataSeries();
ax = new Axes(this);
va = new Vi ewAngl e(t hi s);
gd = new Qid(this);
cl new Chart Label s(this);
gd. @i dStyl e. Li neCol or = Col or. Li ght O ay;
t hi s. BackCol or = Col or. Wi t e;
cm = new G or Map() ;
dc. Qvap = cmJet ();

}

protected override voi d nPai nt (Pai nt Event Args e)

{
@ aphi cs g = e. G aphi cs;
g. Smoot hi ngMbde = Snoot hi nghbde. Anti Al i as;
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cs2d. Chart Area = this. dientRectangl e;

if (dc.Chart Type == DrawChart. Chart TypeEnum XYCol or | |
dc. Chart Type == DrawChart. Chart TypeEnum Cont our | |
dc. Chart Type == DrawChart . Chart TypeEnum Fi | | Cont our)

{
cs2d. AddChart Styl e2D(g, cs, ax, gd, cl);
dc. AddCol orBar (g, ds, cs, cs2d, ax, va, cl);
dc. AddChart (g, ds, cs, cs2d, ax, va, cl);
}
el se
cs. AddChart Style(g, ax, va, gd, cl);
dc. AddChart (g, ds, cs, cs2d, ax, va, cl);
g. D spose();

}

[ Browsabl eAttribute(fal se)]
public DrawChart C3DrawChart
{
get { return this.dc; }
set { this.dc = value; }

}

[ Browsabl eAttribute(fal se)]
public ChartStyle C3Chart Styl e

{
get { return this.cs; }
set {
if (value !'=null)
this.cs = val ue;
}
}
}

[Browsabl eAttribute(fal se)]
public Chart Styl e2D C3Chart Styl e2D
{

get { return this.cs2d; }

set { this.cs2d = val ue; }

}

[ Browsabl eAttribute(fal se)]
public DataSeries C3DataSeries
{
get { return this.ds; }
set { this.ds = value; }

}

[ Desi gner SerializationVisibility(
DesignerSerializationVisibility.Content)]
public Axes C3Axes
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{
get { return this.ax; }
set
if (value '= null)
this.ax = val ue;
}
}
}

[ DesignerSerializationVisibility(
Desi gner SerializationVisibility.Content)]
public MV ewAngl e C3Vi ewAngl e

{
get { return this.va; }
set
if (value '= null)
this.va = val ue;
}
}
}

[ Desi gner Seri al i zationVi sibility(
DesignerSerializationVisibility.Content)]
public ChartlLabel s C3Label s

{
get { return this.cl; }
set
if (value !'=null)
{
this.cl = val ue;
}
}
}

[DesignerSerializationVisibility(
Desi gnerSerializationVisibility.Content)]
public Gid CG@id

{
get { return this.gd; }
set
if (value !'= null)
{
this.gd = val ue;
}
}
}
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In this class, we set the browsable attributes of Chart St yl e, Chart St yl e2D, Dr awChar t,
and Dat aSer i es to be false, indicating that the properties of these classes are not shown in the
property browser. On the other hand, the Desi gner Seri al i zati onVi si bil ity attribute
for the other classes is set to content, telling C# and the .NET framework that it should serialize
the contents of the properties of these classes. Here C3 (stands for Chart 3D) is placed in front of
the property name to group all of the properties related to Chart 3D together in the property
browser.

Testing User Control

Using the Chart 3D user control in a Windows Form is similar to using the Chart 2D user
control. Following the same procedure you used in the 2D case, you can add the Char t 3D user
control to the Toolbox. Then you can use it just like any other built-in control, such as a But t on
or a Text Box. In the following subsections, we will demonstrate how to create various 3D charts
using the Char t 3D user control.

3D Line Charts

Start with a new C# Windows Application project named Example7 3. Add a Chart 3D user
control to For mL. A 3D line chart can easily be created using the Char t 3D user control and the
following code listing of the For mil class:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em W ndows. For ns;

usi ng Chart 3DLi b;

nanmespace Exanpl e7_3

public partial class Fornl : Form

{
public Formi()

{
InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
chart 3D1. Dock = DockStyle.Fill;
chart 3DL. C3Dr awChart . Chart Type =
Dr awChart . Chart TypeEnum Li ne;
chart3Dl. C3Label s. Title = "No Title";
chart 3D1. C3DrawChart . | sCol or Map = fal se;

}
protected override voi d nPai nt (Pai nt Event Args e)
AddDat a() ;

}
private void AddDat a()
{
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chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.

chart 3D1.
chart 3D1.

for (int

{

float t
float x

C3Axes.
C3Axes.
C3Axes.
C3Axes.
C3Axes.
C3Axes.
C3Axes.
C3Axes.
C3Axes.

XM n
XMax
YM n
YMax
ZMn
ZNax
XTi ck
YTi ck
ZTi ck

C3Dat aSeri es.
C3Dat aSeri es.
i < 300; i++)

i =0;

PointList.Qear();
Li neStyl e. Li neCol or = Col or. Red;

0.1f * i;
(float)Math. Exp(-t / 30) *
(float)Math. Cos(t);

float y = (float)Math. Exp(-t / 30) *

f | oat

(float)Math. Sin(t);
zZ =t;

chart 3D1. C3Dat aSeri es. AddPoi nt ( new
Point3(x, y, z, 1));

Form1

L Axis

% =

Figure 7-11 3D line chart created using the Chart3D user control.
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Here the Char t Type property is set to Li ne with the following code snippet:
chart 3D1. CG3Dr awChart . Chart Type = DrawChart . Chart TypeEnum Li ne;
And the | sCol or Map property is set to f al se (the default value is t r ue) because we want to
draw the 3D line with a single color:
chart 3D1. C3DrawChart . | sCol or Map = fal se;

Also note that we place the AddDat a method inside the OnPai nt method to obtain a consistent
resize effect.

This project produces the output of Figure 7-11.

Surface Charts

Various mesh and surface charts can be created using the Char t 3D user control. Start with a new
C# Windows Application project, Example7 4. Add a Chart 3D control to Forml and
implement the following code in the For mil class:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng System W ndows. For ns;

usi ng Chart 3DLi b;

namespace Exanpl e7_4

public partial class Fornl : Form

{

public Formi()

{
I'nitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
chart 3DL. G30r awChart . Chart Type =

Dr awChar t . Char t TypeEnum Sur f ace;

chart3D1l. C3Chart Styl e. | sCol orBar = true;
chart 3D1. Dock = DockStyle.Fill;

}

protected override voi d nPai nt (Pai nt Event Args e)
AddDat a() ;

}

private void AddDat a()

{
chart 3D1. C3Axes. XM n = -3;
chart 3D1. C3Axes. X\Max = 3;
chart 3D1L. C3Axes. YMn = -3;
chart 3D1. C3Axes. YMax = 3;
chart 3D1. C3Axes. ZMn = -8;
chart 3D1. C3Axes. ZMax = 8;
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chart 3D1. C3Axes. XTick = 1;
chart 3D1. C3Axes. YTick = 1,
chart 3D1. C3Axes. ZTi ck = 4;

chart 3D1. C3Dat aSeri es. XDat aM n

chart 3D1. C3Dat aSeri es. YDataM n

chart 3D1. C3Dat aSeri es. XSpaci ng = 0. 3f;

chart 3D1. C3Dat aSeri es. YSpaci ng = 0. 3f;

chart 3D1. C3Dat aSeri es. XNunber = Convert. Tol nt 16(
(chart 3D1. C3Axes. XMax - chart 3D1. C3Axes. XM n) /
chart 3D1. C3Dat aSeri es. XSpaci ng) + 1;

chart 3D1. C3Dat aSeri es. YNunber = Convert. Tol nt 16(
(chart 3DL. C3Axes. YMax - chart 3D1. C3Axes. YM n) /
chart 3D1. C3Dat aSeri es. YSpaci ng) + 1,

char t 3D1. C3Axes. XM n;
chart 3D1. C3Axes. YM n;

Point3[,] pts = new Poi nt 3[ chart 3DL. C3Dat aSeri es. XNurber ,
chart 3D1. C3Dat aSeri es. YNunber ] ;

for (int i =0; i < chart3Dl. C3DataSeries. XNunber; i++)
{
for (int j =0; j < chart3DL. C3Dat aSeri es. YNunber;
j++)
{

float x = chart3Dl. C3Dat aSeries. XbataM n +
i * chart3Dl. C3Dat aSeri es. XSpaci ng;

float y = chart3Dl. C3Dat aSeri es. YDataM n +
j * chart3DL. C3Dat aSeri es. YSpaci ng;

double zz = 3 * Math. Pow((1 - x), 2) *
Math. Bxp(-x * x - (y +1) * (y +1)) - 10 *
(0.2 * x - Math.Pow(x, 3) - Math. Pow(y, 5)) *
Math. Exp(-x * x -y *y) - 1/ 3*
Math. Exp(-(x + 1) * (x +1) -y *vy);

float z = (float)zz;

pts[i, j] = new Point3(x, y, z, 1);

}
chart 3DL. C3Dat aSeri es. Point Array = pts;

}
This generates the results of Figure 7-12.

If you change the Char t Type to Mesh with the code snippet:
chart 3D1. C3Dr awChart . Chart Type = DrawChart . Chart TypeEnum Mesh;
you get the mesh chart shown in Figure 7-13.

Similarly, you can easily create curtain, waterfall, and XYColor charts by specifying the
corresponding Char t Type property.
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Figure 7-13 Mesh chart created using Chart3D user control.
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Contour Charts

Using the same data set as we did for the surface charts, we can easily create contour charts.
Inside the Forml constructor, change the ChartType to Fill Contour and set the
Li neStyl e. | sVi si bl e property to f al se:

chart 3D1L. C3Dr awChart . Chart Type = DrawChart . Chart TypeEnum Fi | | Cont our ;
chart 3D1. C3Dat aSeri es. LineStyl e. I sVisible = fal se;

Inside the AddDat a method, change the XSpaci ng and YSpaci ng properties to the following:

chart 3D1. C3Dat aSeri es. XSpaci ng = 0. 1f ;
chart 3D1. C3Dat aSeri es. YSpaci ng = 0. 1f;

This allows you to create smoother contour curves. Building and running this project, you obtain
the filled-contour chart shown in Figure 7-14.

Formi
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Figure 7-14 Filled contour chart created using Chart3D user control.

Combination Charts

In the For ni constructor, change the Char t Type to Sur f aceFi | | Cont our :

chart 3D1L. G3Dr awChart . Chart Type =
Dr awChart . Chart TypeEnum Sur f aceFi | | Cont our ;
chart3D1. C3Dat aSeri es. LineStyle. IsVisible = true;

Inside the AddDat a method, change the following properties:

chart 3DL. C3Axes. ZM n = -12;
chart 3D1. C3Dat aSeri es. XSpaci ng
chart 3D1. C3Dat aSeri es. YSpaci ng

I
IS
N
—-
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This creates a combination chart of a surface chart with a filled contour chart, as shown in Figure

7-15.
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Figure 7-15 Combination chart created using Chart3D user control.
3D Bar Charts

We can easily create 3D bar charts using the same data set as we did for surface charts. Change
the For il constructor according to the following code listing:

public Forml()

{

InitializeConponent();

this. SetStyl e(Control Styl es. Resi zeRedraw, true);

chart 3D1. C3Dr awChart . Chart Type = DrawChart . Chart TypeEnum Bar 3D,
chart3D1l. G3thart Styl e. I sCol orBar = true;

chart 3D1. Dock = DockStyle.Fill;

chart 3D1. C3Dat aSeri es. Bar Styl e. XLength = 0. 3f;

chart 3D1. C3Dat aSeri es. Bar Styl e. YLength = 0. 3f;

chart 3D1. C3Dat aSeri es. Bar Styl e. I sBar Si ngl eCol or = fal se;
chart3D1. C3Dat aSeries. BarStyle. ZOigin = -8;
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Change the following properties within the AddDat a method:

chart 3DL. C3Axes. ZMn = -8;
chart 3D1. C3Dat aSeri es. XSpaci ng
chart 3D1. C3Dat aSeri es. YSpaci ng

This project generates the output of Figure 7-16.

Formi

lvhy 30 Chart

Figure 7-16 3D bar chart using Chart3D user control.

Slice Charts

Create a new C# Windows Application project and call it Example7 5. Add a Chart 3D user
control to For mL and implement the following code in the For L class:

usi ng System

usi ng Syst em Conponent Model ;

usi ng System Dr awi ng;

usi ng System Drawi ng. Draw ng2b,

usi ng System W ndows. For ns;

usi ng Chart 3DLi b;

nanespace Exanpl e7_5
public partial class Fornl : Form

public Forni()
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}

InitializeConponent ();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
chart 3D1L. G3Dr awChart . Chart Type =
DrawChart . Chart TypeEnum S i ce;
chart 3D1. CG3Dr awChart . XYZS i ce =
DrawChart. Si ceEnum XSl i ce;
chart 3D1. CG3Dr awChart. S i celLocation = 0. 5f;
chart3D1. C3Chart Styl e. I sCol orBar = true;
chart 3D1. Dock = DockStyle.Fill;

protected override voi d OnPai nt (Pai nt Event Args e)

}

AddDat a() ;

private void AddDat a()

{

chart3D1. C3Axes. XM n = -2;
chart 3D1. C3Axes. X\Max = 2;
chart3D1. C3Axes. YMn = -2;
chart 3D1. C3Axes. YMax = 2;
chart3D1. C3Axes. ZMn = -2;
chart 3D1. C3Axes. ZMax = 2;
chart 3D1. C3Axes. XTick = 1;
chart 3D1. C3Axes. YTick = 1,
chart 3D1. C3Axes. ZTick = 1;

chart 3D1. C3Dat aSeri es. XDat aM n char t 3D1. C3Axes. XM n;
chart 3D1. C3Dat aSeri es. YDataM n = chart 3DL. C3Axes. YM n;
chart3D1. C3Dat aSeri es. ZZDat aM n = chart 3D1. C3Axes. ZM n;

chart 3D1. C3Dat aSeri es. XSpaci ng = 0. 2f ;
chart 3DL. C3Dat aSeri es. YSpaci ng = 0. 2f ;
chart 3D1. C3Dat aSeri es. ZSpaci ng = 0. 2f ;

chart 3DL. C3Dat aSeri es. XNunber =

Convert . Tol nt 16( (chart 3DL. C3Axes. XVax —

chart 3D1. C3Axes. XM n) /

chart 3D1. C3Dat aSeri es. XSpaci ng) + 1;
chart 3DL. C3Dat aSeri es. YNunber =

Convert . Tol nt 16( (chart 3D1. C3Axes. YMax —

chart 3D1. C3Axes. YM n) /

chart 3D1. C3Dat aSeri es. YSpaci ng) + 1;
chart 3DL. C3Dat aSeri es. ZNunber =

Convert . Tol nt 16( (chart 3D1. C3Axes. ZMax —

chart3D1. C3Axes. ZM n) /

chart 3D1. C3Dat aSeri es. ZSpaci ng) + 1;

Point4[, ,] pts = new
Poi nt 4] chart 3D1. C3Dat aSeri es. XNunber ,
chart 3D1. C3Dat aSeri es. YNunber ,
chart 3D1. C3Dat aSeri es. ZNunber ] ;
for (int i =0; i < chart3Dl. C3DataSeri es. XNunber; i++)

{
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for (int j =0; j <
chart 3D1. C3Dat aSeri es. YNunber; j++)
{

for (int k =0; k <
chart 3D1. C3Dat aSeri es. ZNunber; k++)
{

float x = chart3Dl. C3Dat aSeri es. XDataM n +
i * chart3Dl. C3Dat aSeri es. XSpaci ng;
float y = chart3Dl. C3Dat aSeri es. YDataM n +
j * chart3DLl. C3Dat aSeri es. YSpaci ng;

float z = chart3Dl. C3Axes. ZM n +
k * chart 3D1. C3Dat aSeri es. ZSpaci ng;
float v =z * (float)Math. Exp(-x * x —
y*y-z*z);
pts[i, j, k] = new Point4(new
Point3(x, vy, z, 1), v);

}
}
chart 3D1. C3Dat aSeri es. Poi nt4Array = pts;

}
This produces the XS| i ce chart shown in Figure 7-17.
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Figure 7-17 A slice chart at x = 0.5 plane created using the Chart3D user
control.



DataGridView and Chart
User Controls

The Dat aGri dVi ew control is a powerful, flexible, and easy to use control for presenting
tabular data. With this control, you can display and edit tabular data from different types of data
sources. The Dat aG i dVi ew control is highly configurable and extendible, and provides many
properties, methods, and events to customize its appearance and behavior. Introduced with .NET
2.0, the Dat aGri dVi ew control replaces and adds functionality to the Dat aGri d control
provided in prior versions of the .NET framework. Although the Dat aG i d class is retained for
backward compatibility, the Dat aGri dVi ew control is the preferred mechanism for displaying
tabular data as of the .NET 2.0 release. This control can be used in bound mode, where it displays
data from any .NET data source, including ADO.NET, or in unbound mode, where the grid itself
manages the data.

In this chapter, we start off with a discussion on the basics of the Dat aGri dVi ew. We then
explore the possibility of combining the Dat aGr i dVi ew with the Chart 2D and Chart 3D
controls developed in the previous chapter to create spreadsheet-like chart applications. You will
learn how to implement the spreadsheet-like interface that is common to many chart applications,
such as Microsoft Excel charts. In this interface, the charting data is displayed in the
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Dat aGri dVi ew control; the displayed data in the Dat aG i dVi ew is plotted using chart user
controls, and direct interaction is allowed between the Dat aGr i dVi ewand the Chart controls.

To illustrate the combination of the Dat aGri dVi ew and Chart Controls (i.e. Chart2D and
Chat3D user controls), this chapter will create spreadsheet-like chart applications. This new
application, as it will appear later in this chapter, is shown in Figure 8-1. You can see from this
figure that data is displayed in the Dat aGri dVi ew control, and that the same set of data is
plotted in the Chart2D control.

% Form1 EI@ El

A B C ~ : :
> n Sine and Cosine Chart
1 ] 1
z 0.233 0327 0,945 1
b o0 \
3 0.667 0619 0.786 | q%{;" S ﬁﬁ“ﬁ
4 1 0841 054 2081 :‘V‘i % ;‘/ﬂ
5 1,333 0972 023 s I/ |B ,
8 Do 'l.l % .;'i i‘
& 1667 s 0,098 & 4 y | ] Lf
= L 3
7 2 0909 0416 £ 05k \ﬁ\ % /‘5 g
. g
8 2333 0723 0691 "\lwdﬂﬂx 4
1 =W, ]
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10 3 014 0,93 151 L
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Figure 8-1 A combination of the DataGridView and Chart2D controls.

DataGridView Basics

A Dat aGri dVi ew control is just a grid in which tabular data is displayed. It allows various
collections of data to be displayed and manipulated by users. As shown in Figure 8-1, the
Dat aGri dVi ew control displays data as a set of rows and columns. The grid in general
represents a specific collection of data, and in this case represents the charting data object. Each
row, in turn, represents a specific item in the overall collection, and each column represents a
specific field that can be assigned to each item. In chart applications, the first column represents
the X data, the second column represents the Y data, and the third column represents another Y
data field.

The Dat aGri dVi ew class is one of the most complicated classes in the Windows Forms
namespace. It has more members and is more flexible and customizable than most realize. Many
of its members are concentrated on displaying, manipulating, and managing cells, columns, and
rows. For example, there are methods to begin, end, commit, and cancel edits to a specific cell,
and a related set of events for processing these actions. There is also an Edi t Mbde property that
defines what action initiates editing a cell.
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Despite its rich features, the Dat aGr i dVi ew control has a simple structure. As shown in Figure
8-1, in its most elemental form, it consists of column headers (labeled with “X”, “Y1”, and “Y2”),
row headers (labeled with “17, “2”, “3”, etc.), and cells. You can easily add column and row
collections to the Dat aGri dVi ew control, which allow the application to access the grid by
indexing a row or column.

The cell is the basic unit of presentation within the Dat aG i dVi ew, and is highly customizable
in appearance and behavior through the properties and events exposed by the grid. The header
cells for the rows and columns can be used to maintain the context of the data presented in the
grid. The grid can also have different modes or functions, such as sorting, editing, adding new
rows, and selecting. It can contain cells of many different types and can even mix different cell
types in the same column if the grid is not data bound.

Unbound Mode

In order to display tabular data that does not originate from a database, you can use the
Dat aGri dVi ew in unbound mode. For example, you may want to show the contents of a two-
dimensional array of strings. The DataG i dVi ew class provides an easy and highly
customizable way to display data without binding to a data source.

To populate a Dat aGr i dVi ew in unbound mode, you need to create all the columns in the grid
programmatically. An unbound column is a column that is not bound to a data. The rows of the
grid can be created using the Rows. Add method.

The Dat aGri dVi ew control gives you explicit control over whether users can edit, delete, or
add rows. After the Dat aGri dVi ew is populated with data, you can interact directly with the
data presented in the grid in a number of ways. By default, those interactions include editing the
contents of the cells in a row, selecting a row and deleting it, or adding a new row using an empty
row that is presented as the last row in the grid.

If you do not want any of these interactions, all you need to do is set the
Al | owUser ToOAddRows or Al | owmser ToDel et eRows properties to fal se, or set the
ReadOnl y property to true for adding, deleting, or editing, respectively. Each of these
properties also raises corresponding property-changed events whenever their values are set. When
you support adding, editing, or deletions, you may need to handle certain additional events to
accept new values for unbound rows.

Let’s look at a simple example that shows how to populate a Dat aGri dVi ew control and
manage the addition and deletion of rows in unbound mode. By default, the user can add new
rows. Start off with a new C# Windows Application project and call it Example8 1. Add a
Dat aGri dVi ew and two button controls from Toolbox to For mil. Set the “Text” properties of
the two buttons to “Add Row” and “Delete Row”. The following is the code listing of the For mil
class:

usi ng System
usi ng System Drawi ng;
usi ng System W ndows. For ns;

nanmespace Exanpl e8_1

{
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public partial class Fornl : Form

{
public Formi()

{
InitializeConponent();
Dat aQ i dVi ewSet up() ;
Dat aG i dVi ewPopul ate();

}

private void DataQidVi ewSet up()
{

dat a@i dVi ewl. Col utmCount = 3;

dat aG i dVi ewl. Col unnHeader sDef aul t Cel | Styl e. BackCol or
Col or. Navy;

dat a@ i dVi ewl. Col umHeader sDef aul t Cel | Styl e. ForeCol or =
Col or. Wi te;

dat a@i dVi ewl. Aut oS zeRowsMbde =
Dat a@ i dVi ewAut 0Si zeRowsMbde.
D spl ayedCel | sExcept Header s;

dat a@ i dVi ewl. Col unnHeader sBorder Styl e =
Dat aQ i dVi ewHeader Bor der Styl e. Singl e;

dataGidVi ewl. Cel | Border Styl e =
Dat aQ@ i dVi ewCel | Border Styl e. Singl €;

data@idViewl. @i dCol or = Col or. Bl ack;

dat aQ i dVi ewl. RowHeader sMi si bl e = true;

dat a@ i dVi ewl. RowHeader sWdth = 50;

dat a@ i dVi ewl. Col unnHeader sDef aul t Cel | Styl e. Ali gnent =
Dat aG i dVi ewCont ent Al i gnnent . M ddI eCent er ;

dat a@ i dVi ewl. RowHeader sDef aul t Cel | Styl e. Ali gnnent =
Dat aG i dVi enCont ent Al i gnrent . M ddl eRi ght ;

dat a@i dVi ewl. Gol ums|[ 0] . Narre
dat a@ i dVi ewl. Col urms| 1] . Narre
dat a@i dVi ewl. Gol ums| 2] . Narre

"X Data";
"Y1l Data";
"Y2 Data";

dat a@ i dVi ewl. Sel ecti onhbde =
Dat a@i dvi ewsel ecti onMbde. Ful | RowSel ect ;
data@idViewl. Mil ti Sel ect = fal se;

}

private void DataQG i dVi ewPopul at e()
{
int nRows = 20;
for (int i =0; i < data@idVi enl. Col umGCount; i++)
{
data@i dVi ewl. Col umms[i]. Wdth = 80;
data@idVi enl. Col ums[i].DefaultCel | Styl e. Ai gnment =
Dat aQi dVi enContent Al i gnrrent . M ddl eLeft;
for (int j =0; j < nRows; | ++)

if (i ==0)

dat aG i dVi ewl. Rows. Add() ;
data@ i dVi ewl. Rows[j]. Header Cel | . Val ue =
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(j +1).Tostring();

}

float x = (float)Math. Round(j / 3.0, 3);
float y1 = (float) Mat h. Round(Mat h. Sin(x), 3);
float y2 = (fl oat) Mat h. Round( Mat h. Cos(x), 3);

float value = 0;
if (i ==0)

val ue = x;
elseif (i ==1)
val ue = yl;
elseif (i ==2)
val ue = y2;
data@idviewl[i, j].Value = value. ToString();
}
}
}
private void bt nAddRow d i ck(obj ect sender, EventArgs e)
{
dat aG i dVi ewl. Rows. Add() ;
}

private void bt nDetal eRow A i ck(object sender, EventArgs e)

if (data@idvi ewl. Sel ect edRows. Count > 0 &&
data@i dVi ewl. Sel ect edRows[ 0] . | ndex ! =
dat a@i dVi ewl. Rows. Count - 1)

dat a@i dVi ewl. Rows. RenoveAt (
dat aQ i dVi ewl. Sel ect edRows[ O] . | ndex) ;

}

In this class, we implement a Dat aGr i dVi ewSet up method to set up the Dat aG i dVi ew
columns and properties.

This method first sets the number of columns to be displayed using the Col utmmCount property.
The default style for the column headers is set by setting the BackCol or and For ecol or
properties of the Dat aGi dVi ewCel | Styl e returned by the
Col utmHeader sDef aul t Cel | St yl e property. Then the layout, appearance properties, and
column names are set. When this method executes, the Dat aGr i dVi ew control is ready to be
populated.

Next, we create a Dat aG i dVi ewPopul at e method to add data to the Dat aGr i dVi ew
control. We first add rows by calling the Rows. Add method. Then, we directly assign the value
to the cell using the code snippet:

data@idviewl[i, j].Value = value. ToString();
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With the utility methods in place, you can now attach event handlers. When the Add Row
Buttons' Cl i ck event is raised, a new, empty row is added to the Dat aG i dVi ew. When the
Del et e Rowbutton's Cl i ck event is raised, the selected row is deleted, unless it is the row for
new records, which enables the user to add new rows. This row for new records is always the last
row in the Dat aGri dVi ew control.

Building and running this project, you should obtain the output of Figure 8-2.

Form1 E| @| @l

= Data 1 Data e Data .
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2 0333 0327 0,945
3 | 0EEY 0E19 [0.78E
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E | 1.667 0,995 -0.096
i 0,309 0416
g8 2333 0723 -0.691
9 | 2EBEY 0457 -0.829
o 2 0141 -0.99 4
Add Row ‘ ‘ Delete Row

Figure 8-2 DataGridView control in unbound mode.

Data Binding

The Dat aGi dVi ew control supports the standard Windows Forms data binding model,
meaning that it can bind to various data sources. Binding data to the Dat aG i dVi ew control is
straightforward, and in many cases as simple as setting its Dat aSour ce property. When you
bind to a data source that contains multiple lists or tables, set the Dat aMenber property to a
string that specifies the list or table to be bound to.

In practice, in order to bind data to a Dat aGr i dVi ew, you first need to obtain a collection of
data, typically through databases or data files. You then set the data binding properties of the
Dat aGri dVi ew to bind to the data collection. Typically, you bind the Dat aG i dVi ew to an
intermediate Bi ndi ngSour ce component and bind this intermediate Bi ndi ngSour ce
component to another data source or populate it with business objects. The Bi ndi ngSour ce
component is the preferred data source because it can bind to a wide variety of data sources and
can resolve many data binding issues automatically.
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When binding to data, the Dat aGri dVi ew creates columns based on the properties of the data
items, and generates rows for each data item found in the data collection. If the data binding is set
up statically using the designer, the types and properties of the columns in the grid are set during
design time. If the data binding is performed dynamically, the Aut oGener at eCol urms
property is set to t r ue by default, indicating that the column types will be determined based upon
the type of the bound data items. Sometimes you may want to create and populate a grid
programmatically, particularly when working with a grid that contains only unbound data.

In this book, we will deal with two kinds of data files: text and XML files. The delimited text file
is still one of the most frequently used file formats even though the process of handling this kind
of data can be a pain sometimes. XML is now used everywhere to create cross-platform
interoperable file formats. It is also the central part of C# and the NET Framework because XML
eases the process of sharing data between components.

In this section, we will implement several converters that can load text or XML files into a
Dat aSet . The Dat aSet will then be displayed in a Dat aGr i dVi ew. Datasets are objects that
contain data tables where you can temporarily store the data you use in your application. It is a
good programming practice to use the dat aset to hold your data if your application requires
working with data, because it provides your application with a local in-memory cache of the data
you are working with. The dat aset maintains information about changes to its data so that
updates can be tracked. The Dat aSet corresponds to the traditional ADO Recor dSet . The
structure of a Dat aSet is similar to that of a relational database: it exposes a hierarchical object
model of tables, rows, columns, constraints, and relationships. You can create a Dat aSet from
XML files and write XML file directly to the Dat aSet .

Now, start off with a new C# Windows Application project, Example8 2. Add four new classes,
Text 2Dat aSet, XM.2Dat aSet, Dat aSet 2Text, and Dat aSet 2XM., to the current
project. These classes convert text and XML files into a Dat aSet , and vice versa. They can be
used as utility tools for handling the text and XML files. First, let’s examine the XM_2Dat aSet
class:

usi ng System

using Systeml|Q

usi ng System Dat a;

usi ng System W ndows. For ns;

nanespace Exanpl e8_2

{
cl ass XM.2Dat aSet

public static DataSet Convert2DataSet ()
{
DataSet ds = new DataSet();
QpenFi | eD al og openFi | eDi al ogl = new QpenFi | eD al og();
openFileD alogl.Filter = "XM. files (*.xm)|*.xm|
Al files (*.*)|*.*";
openFil eD al ogl. Filterlndex = 1,
openFi |l eD al ogl. RestoreDirectory = true;

if (openFileD al ogl. ShowD al og() == D al ogResul t. CK)
{
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ds. ReadXn (openFi | eD al ogl. Fi | eNarre) ;
}

el se

{
MessageBox. Show(“No XM file is read!”);

Return nul | ;

return ds;

}

This class implements a static method Convert 2Dat aSet that allows you to select the XML
files from an OpenFi | eDi al og. Then the default ReadXm of the Dat aSet class is used to
load the XML file into the Dat aSet .

The Text 2Dat aSet class is more involved and the following is its code listing:

usi ng System

using Systeml|Q

usi ng System Dat a;

usi ng Syst em W ndows. For ns;

nanespace Exanpl e8_2

{
public class Text 2Dat aSet

public static DataSet Convert2DataSet (string tabl eNare)
{
Dat aSet ds = new DataSet () ;
QpenFi | eD al og openFi | eD’ al 0ogl = new penFil eD al og();
openFileD al ogl.Filter = Text files (*.txt)|*.txt]
Al files (*.*)|*.*
openFileD al ogl. Fil terl ndex = 1;
openFil eD al ogl. RestoreDirectory = true;

if (openFileD al ogl. ShowD al og() == D al ogResul t. CK)
{
StreanReader sr = new StreanReader (
openFi | eD al ogl Fi I el\hne)
char[] cSplitter ={ " ', ',", Y

/1 Split the first line into the col ums
string[] columns = sr.ReadLine().Split(cSplitter);
ds. Tabl es. Add(t abl eNane) ;

foreach (string col in col ums)

ds. Tabl es[ t abl eNane] . Col utms. Add( col ) ;
}

//Read the rest of the data in the file.
string All Data = sr. ReadToEnd() ;
string[] rows = AllData. Split("\r".ToCharArray());
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// Add data to the DataSet
foreach (string rowin rows)

{
string[] itens = row Split(cSplitter);
ds. Tabl es[ t abl eNane] . Rows. Add(i t ens) ;
}
}
el se

{
MessageBox. Show(“No text file is read!”);
Return nul | ;

return ds;

}

This class allows you to select the delimited text file (with the delimiters of space, comma, colon,
and tab) from an OpenFil eDi al og and read it into a DataSet’s Tables. Here the
St r eanReader , derived from the abstract Text Reader class, is used to read to and from a
stream. The next step is to use the ReadLi ne method in the St r eanReader to read the header
line in. Then, the ReadTOENnd method is applied to read the rest of the stream into one single
string. Finally, the data string is added to the data table of the Dat aSet .

In order to use this converter, the text data file should be in a specific format. Namely, the first
line of the text file is assumed to be the header text. A sample text file with Tab delimiters is
given here:

X Y1l Y2

0 0 1

0. 333 0. 327 0. 945
0. 667 0.619 0. 786
1 0. 841 0. 54
1.333 0.972 0. 236
1. 667 0. 995 -0. 096
2 0. 909 -0. 416
2.333 0.723 -0.691
2. 667 0. 457 -0. 889
3 0. 141 -0.99
3.333 -0.19 -0. 982
3. 667 - 0. 502 - 0. 865
4 -0. 757 -0. 654
4. 333 -0.929 -0.37
4. 667 -0.999 -0. 045
5 -0. 959 0.284
5.333 -0. 814 0.582
5. 667 -0.578 0.816
6 -0.279 0. 96
6. 333 0.05 0. 999

The first column represents the X data, and the second and third columns represent Y1 = Sin(X)
and Y2 = Cos(X), respectively. This text file, named Text01.txt, is included in the current project
for your reference.
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The following is the code listing of the Dat aSet 2XM_ class:

usi ng System

usi ng System Text;

using Systeml|Q

usi ng System Dat a;

usi ng System W ndows. For ns;

nanespace Exanpl e8_2
cl ass Dat aSet 2XM-

public static void Convert2XM.(DataSet ds)
{
SaveFi | eD al og saveFi | eD al ogl = new SaveFi | eD al og();
saveFileDalogl.Filter = "XM files (*.xm)|*.xm|
Al files (*.*)]|*.*";
saveFil eDial ogl. Filterlndex = 1;
saveFi | eDi al ogl. RestoreD rectory = true;

if (saveFileD al ogl. ShowD al og() == D al ogResul t. CK)
{

StreanWiter sw = new Stream¥iter(
saveFi | eDi al ogl. Fi | eNane) ;
ds. WiteXn (sw;

}

This class allows you to save the Dat aSet into an XML file using the default method
WiteXm ofthe Dat aSet class.

This following is the code listing of the Dat aSet 2Text class:

usi ng System

usi ng System Text;

using Systeml|Q

usi ng System Col | ecti ons;
usi ng Syst em W ndows. For ns;

nanmespace Exanpl e8 2

{
cl ass Dat aSet 2Text

public static void Convert2Text (DataQ i dVi ew dgv)

{
SaveFi | eD al og saveFi | eDi al ogl = new SaveFi | eD al og();

saveFileD alogl. Filter = "Text files (*.txt)|*.txt]
Al files (*.*)]|*.*";

saveFi | eDial ogl. Filterlndex = 1;

saveFi | eD al ogl. RestoreDirectory = true;

if (saveFileD al ogl. ShowD al og() == D al ogResul t. CK)
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}

{
try
{
StreanWiter sr = new StreanWiter(
saveFi | eDi al ogl. Fi | eNane) ;
string textLine = dgv. Col ums[ 0] . Header Text ;
for (int i =1; i < dgv.ColumGCount; i+t)
textLine = textLine + "\t" +
dgv. Col umns[i ] . Header Text ;
sr. Wi teLine(textLine);
for (int j =0; j < dgv. RowCount; j++)
string value = dgv[0, j].Value as string;
if (value !'=null)
textLine = dgv[0, j].Value. ToString();
for (int i =1; i < dgv.ColumCount; i++)
{
string val uel = dgv[i, j].Value as
string;
if (valuel !'= null)
textLine = textLine + "\t" +
dgv[i, j].Value. ToString();
sr.WiteLine(textLine);
}
sr.d ose();
}
catch (Exception e)
{
MessageBox. Show( e. Message, "Error saving file.");
}
}

In this class, instead of using the intermediate Dat aSet , we directly save the Dat aG i dVi ew’s
content into a text file that includes the column headers.

With these conversion classes, you can easily create a C# application that populates a
Dat aGri dVi ewusing a Dat aSet . To demonstrate this, we will create a user interface for this
project. From the Toolbox, drag the following controls onto For mil.:

A Spl it Cont ai ner control that holds a Dat aGri dVi ewin its left panel and a multi-line
Text Box control in its right panel.

A Dat aGri dVi ewcontrol that displays the contents of the data.
A Text Box control that displays the XML Schema or the XML file.
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* Six But t on controls: one button reads the text file into the dataset and displays it in the
Dat aGri dVi ew. Another button reads the XML file into the dataset and displays it in the
Dat aGri dVi ew. The third button extracts the XML file from the dataset and displays it in
the Text Box. The forth button extracts the schema from the dataset and displays it in the
Text Box. The fifth button saves a text file directly from the Dat aGri dVi ew's content,
and the last button save the XML file from the dat aset .

Next, set the following properties:

Control Property Setting
splitContainer1 Anchor Left, Top, Right, Bottom
dataGridViewl Dock Fill
textBox|1 Dock Fill
Multiline True
Scrollbars Vertical
buttonl Name btnReadText
Text Read Text
button2 Name btnReadXML
Text Read XML
button3 Name btnShowXML
Text Show XML
button4 Name btnShowSchema
Text Show Schema
button5 Name btnSaveText
Text Save Text
button6 Name btnSaveXML
Text Save XML

The following is the code listing of the For nil class:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Dat a;

using Systeml|Q

usi ng System Drawi ng;

usi ng System Text;

usi ng System W ndows. For ns;

namespace Exanpl e8_2
public partial class Fornl : Form

{
private DataSet dataSetl;
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public Formi()
{

}

InitializeConponent();

dataSet1l = new DataSet();

dat a@ i dVi ewl. Col unnHeader sDef aul t Cel | Styl e. Ali gnrent =
Dat aG i dVi enwCont ent Al i gnnent . M ddI eCent er ;

dat a@G i dVi ewl. RowHeader sDef aul t Cel | Styl e. Ali gnnent =
Dat aG i dVi enCont ent Al i gnrent . M ddl eR ght ;

dat a@ i dVi ewl. RowHeader sWdth = 50;

private void btnReadXM__QA i ck(obj ect sender, EventArgs e)

{

}

dataSet 1 = XM.2Dat aSet . Convert 2Dat aSet () ;
dat a@ i dVi ewl. Dat aSour ce = dat aSet 1;
dat a@ i dVi ewl. Dat aMenber "M/Dat aSet ";

for (int i =0; i < data@idVi ewl. Col umCount; i++)

data@idvi ewl. Col ums[i]. Wdth = 70;
dataGidVi enl. Col ums[i].Defaul tCel | Styl e. Ai gnment =
Dat a@ i dVi enCont ent Al i gnrrent . M ddl eRi ght ;

}
for (int i =0; i < data@idViewl. Rows. Count - 1; i++)
data@i dVi ewl. Rows[i]. Header Cel | . Val ue =
(i +1).Tostring();
}

private void bt nReadText _dick(obj ect sender, EventArgs e)

{

}

dataSet 1 = Text 2Dat aSet . Convert 2Dat aSet (" M/Dat aSet ") ;

dat a@i dVi ewl. Dat aSour ce = dat aSet 1;
dat aQi dVi ewl. Dat aMenber = "M/Dat aSet";
for (int i =0; i < data@idVewl. Col umQount; i++)

data@idvi ewl. Col ums[i]. Wdth = 70;
data@idVi enl. Col ums[i].Defaul tCel | Styl e. Ai gnment =
Dat a@ i dVi enwCont ent Al i gnnent . M ddl eR ght ;

}
for (int i =0; i < data@idViewl. Rows. Count - 1; i++)
{
data@idVi ewl. Rows[i]. Header Cel | . Val ue =
(i +1).ToString();
}

private void bt nShowschena_Q i ck(obj ect sender, EventArgs e)

{

System 1 Q StringWiter swiM. =
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new System | Q StringWiter();
dat aSet 1. Wi t eXm Schena(swXM.) ;
t ext Box1. Text = swXM.. ToString();

}
private void bt nShowXM__Q i ck(obj ect sender, EventArgs e)
{
StringWiter sw= new StringWiter();
dataSet 1. Wi teXm (sw);
t ext Box1. Text = sw ToString();
}

private void bt nSaveText _Qick(object sender, EventArgs e)

if (data@idvi ewl. RowCount > 0)

{
Dat aSet 2Text . Conver t 2Text (dat aQ i dVi ewl) ;
}
el se
{
MessageBox. Show("DataGidViewis enpty." +
' Please populate it first.");
}
}
private void bt nSaveXM__Q i ck(obj ect sender, EventArgs e)
{
if (textBox1l. Text.Trin{() !="")
{
Dat aSet 2XM.. Conver t 2XM_( dat aSet 1) ;
}
el se
{
MessageBox. Show("There is no Xmi file to save." +
" Please convert data to Xm file first.");
}
}

}

In this class, we first create a new Dat aSet instance, dat aSet 1, that will be used to hold the
text or XML data. Inside For mil’s constructor, we also specify some properties of the
dat aGri dVi ewl that control its appearance.

Next, we create various event handlers for reading text or XML data, displaying the XML and its
schema in t ext Box 1, and saving text or XML files. The Read Text button reads the text file into
dat aSet 1 by calling the Convert 2Dat aSet method of the Text 2Dat aSet class and sets
properties on the dat aGri dVi ewl control that bind it to dat aSet 1. Similarly, the Read XML
button loads the XML file into dat aSet 1 by calling the Convert 2Dat aSet method of the
XM.2Dat aSet class and sets properties on the dataG i dVi ewl control that bind it to
dat aSet 1.
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The Show XML (or Show Schema) button creates a St ri ngW i t er object that is filled with the
XML data (or schema) and displayed in the textBox1l. The Save Text button saves
dat aGr i dVi ewl’s content into a text file by calling the Convert 2Text method of the
Dat aSet 2Text class. Finally, the Save XML button saves dat aSet 1 into an XML file by
calling the Conver t 2XM. method of the Dat aSet 2XM. class.

You can test the project by pressing the F5 key. Click the Read Text file button and select the
sample text file TextO1l.txt, which is included with the example in the directory
~\Examples\Example8 2\Example8 2\TextO1.txt. The dat aG i dVi ewl displays the contents
of the text file. If you click the Show XML button now, textBox1 will display the XML file. You
can also click the Show Schema button, and textBox1 will display the XML schema for the XML
file, as shown in Figure 8-3.

Form1

<l version="1.0" encoding="utf-16"7> A
ugechema id="MewD ataSet’ wminz=""'
wnlng: wa="http: e wid org /2007 54 LS
3 0,94 chema'' smins:maedata="urn: schemas-
: ricrosoft-comn:sml-rmedata’'
3 0667 0E19 073 <xzelement name="MNewD ataSet"
rzdataclz0 atas et="trug"'
4 1 0.841 0.5 mgdata: UzeCurentLocale=""true'"»
<wzcomplexT pper
g 1.333 0.972 0.23 Cegichoice mindocurs="0"
E 1EET 0,995 .09 rnasdcours="unbounded' >
<z element name="MypDataS et
7 2 0,909 -0.41 <xscomplexT ppes
LI reqUEnCE:
8 2333 0.723 063 Legelement name="%"
q 2 EBET 0.457 oe twpe="wzztring" mindcours="0" />
<rzelement name="""1"
10 3 014 09 twpe="rzztring" mindcours="0" />
<rselement name=""r2"
11 3343 013 038 tppe="wsz:sting"’ mindcours="0" />
12 A RR7 N1 RN? naRY </xsisEquEnce>
< 3 <Mz complesT ypes w
[ Read Text ] [ Show kL ] [ Save Text ]
| ReadsML | | ShowxMLSchema | |  SavexmL |

Figure 8-3 DataGridView is bound to a DataSet.

You can also click the Save XML button to save the dataset into an XML file. If you click on the
Read XML button to open the XML file you just saved, the dat aGri dVi ewl will display the
XML data.

Inside the dat aGri dVi ewl control, you can change the cell contents and add or delete rows.
All the changes you made in the dat aG i dVi ewl are updated automatically in the dat aSet 1
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that is bound to the dataGi dVi ewl. Dat aSource. Thus, the changes in the
dat aG i dVi ewl will be reflected automatically in the saved Text or XML file.

DataGridView and Chart2D Control

While the Dat aG i dVi ew class contains numerous members, it is possible to create a very
simple grid with only a few lines of code, as shown previously. In this section, we will create a
combination application of a Dat aGr i dVi ewand a Chart 2D control, and enhance it over the
course of the chapter.

Creating DataGridView Application
The following steps lay out the user interface for the current project:

*  Create a new C# Windows Application project and call it Example8 3.
* DragaMenuStri p control from the Toolbox onto For .

 AddaSplitContainer control holding a Dat aG i dVi ewin its left panel and a
Chart 2D control in its right panel t 0 For mil. Set the Dock property to Fi | | from the
property browser.

* AddaDat aG i dVi ewcontrol to the left panel and set its Dock property to Fi | | from the
property browser.

* AddaChart 2D control to the right panel and set its Dock property to Fi | | from the
property browser. Before you can add the Char t 2D control to you application, you need to
add this control to the ToolBox first, using the method described in the previous chapter.

e Addthe Text 2Dat aSet , XM_2Dat aSet , Dat aSet 2Text , and Dat aSet 2XM._ classes
from the previous project Example8 2 to the current project, and change their namespace to
Example8 3.

*  Implement the following code in the For il class:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Dat a;

usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2b,
usi ng Syst em W ndows. For ns;

usi ng Chart 2DLi b;

nanespace Exanpl e8_3
public partial class Fornl : Form

{
private DataSeries ds;

private DataSet dataSet1;

public Formi()
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}

InitializeConponent();

ds = new DataSeries();

dataSet1 = new DataSet ();

dat a@ i dVi ewl. Col unnHeader sDef aul t Cel | Styl e. Ali gnment =
Dat aG i dVi ewCont ent Al i gnnent . M ddl eCent er ;

dat a@ i dVi ewl. RowHeader sDef aul t Cel | Styl e. Ali gnment =
Dat aGi dVi ewCont ent Al i gnrent . M ddl eRi ght ;

dat a@ i dVi ewl. RowHeader sWdth = 50;

I/l Qverride ChartStyl e properties:

chart 2D1. C2XAxi s. XLinM n = Of;;
chart 2D1. C2XAxi s. XLi nivax = 7f;
chart2D1l. QCYAxi s. YLinMn = -1.5f;
chart 2D1. QVYAXi s. YLi nivlx = 1. 5f;
chart 2D1. C2XAxi s. XTick = 1. 0f;
chart 2D1. QVYAXi s. YTick = 0. 5f;

chart2Dl. QLabel . XLabel = "This is X axis";
chart2Dl. QLabel . YLabel = "This is Y axis";
chart2D1l. QTitle. Title = "Sine and Cosine Chart";

protected override voi d nPai nt (Pai nt Event Args e)

{

}

if (data@idvi ewl. RowCount > 0)

AddDat a() ;

private void AddDat a()

{

chart 2D1. C2Dat aCol | ecti on. Dat aSeri esLi st. d ear ();
/1 Add first data series:
ds = new DataSeries();
ds. Li neStyl e. Li neCol or = Col or. Red;
ds. Li neStyl e. Thi ckness = 2f;
ds.LineStyle. Pattern = DashStyl e. Dash;
ds. Li neStyl e. Pl ot Met hod =
Li neStyl e. P ot Li nesMet hodEnum Li nes;
ds. Seri esNane = "Sine";
ds. Synbol Styl e. Synbol Type =
Synbol Styl e. Synbol TypeEnum Di anond;
ds. Synbol Styl e. Border Gol or = Col or. Red,;
ds. Synbol Style. Fill Col or = Col or. Yel | ow,
ds. Synbol Styl e. Bor der Thi ckness = 1f;
for (int i =0; i dat a@i dVi ewl. RowCount ; i ++)
{

AN

string valuel = data@idviewl[O, i].Value as string;
string value2 = data@idviewl[1, i].Value as string;
if (valuel '= null &% value2 != null)

{

float x = Convert. ToS ngl e(
(string)dataGidviewl[O, i].Value);
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float y = Convert. ToS ngl e(
(string)dataGidviewl[1, i].Value);
ds. AddPoi nt (new Poi nt F(x, Vy));
}

}
chart 2D1. QDat aCol | ecti on. Add(ds) ;

/1 Add second data series:
ds = new DataSeries();
ds. Li neStyl e. Li neCol or Col or. Bl ue;
ds. Li neStyl e. Thi ckness 1f ;
ds.LineStyle. Pattern = DashStyle. Soli d;
ds. Li neStyl e. Pl ot Met hod =

Li neStyl e. P ot Li nesMet hodEnum Spl i nes;
ds. Seri esNane = "Cosi ne";
ds. Synbol Styl e. Synbol Type =

Synbol Styl e. Synbol TypeEnum Tri angl e;
ds. Synbol Styl e. Border Col or = Col or. Bl ue;
for (int i =0; i < data@idViewl. RowCount; i ++)
{

string valuel = data@idviewl[O, i].Value as string;
string value2 = data@idviewl[2, i].Value as string;
if (valuel '= null &% value2 !'= null)

{
float x = Convert. ToS ngl e(
(string)dataGidviewl[O, i].Value);
float y = Convert. ToS ngl e(
(string)dataGidviewl[2, i].Value);
ds. AddPoi nt (new Poi nt F(x, Vy));
}

}
chart 2D1. QDat aCol | ecti on. Add(ds) ;

private voi d openText Fi |l eTool StripMenultem d i ck(obj ect
sender, EventArgs e)
{

dataSet 1 = Text 2Dat aSet . Convert 2Dat aSet (" M/Dat aSet ") ;
dat a@i dVi ewl. Dat aSour ce = dat aSet 1;
dat a@i dVi ewl. Dat aMenber = "M/Dat aSet";

for (int i =0; i < data@idVi enl. Col umGCount; i++)

data@i dVi ewl. Gol umms[i]. Wdth = 70;
data@idVi enl. Col ums[i].DefaultCel | Styl e. Ai gnment =
Dat aQ i dVi enCont ent Al i gnrrent . M ddl eRi ght ;
}

for (int i =0; i < data@idViewl. Rows. Count - 1; i++)
{
data@idVi ewl. Rows[i]. Header Cel | . Val ue =
(i +1).Tostring();
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}

private void openXM.Fi | eTool Stri pMenul tem A i ck( obj ect
sender, Event Args e)
{

dataSet1 = XM.2Dat aSet . Convert 2Dat aSet () ;
dat a@i dVi ewl. Dat aSour ce = dat aSet 1;
dat a@ i dVi ewl. Dat aMenber "M/Dat aSet ";

for (int i =0; i < data@idVi enl. Col umCount; i++)
data@i dvi ewl. Col ums[i]. Wdth = 70;
dataQidvi ewl. Col ums[i] . Defaul tCel | Styl e. Ali gnnent =

Dat a@ i dVi enwCont ent Al i gnnent . M ddl eR ght ;
}

for (int i =0; i < data@idViewl. Rows. Count - 1; i++)

data@idVi ewl. Rows[i]. Header Cel | . Val ue =
(i +1).ToString();

}

private voi d saveText Fil eTool StripMenultem A i ck(obj ect
sender, Event Args e)
{

if (data@idvi ewl. RowCount > 0)
{

}

Dat aSet 2Text . Convert 2Text (dat aG i dVi ewl) ;

}

private void saveXM.Fil eTool Stri pMenul tem A i ck(obj ect
sender, Event Args e)

if (dataGidvi ewl. RowCount > 0)
Dat aSet 2XM.. Convert 2XM_( dat aSet 1) ;

}

private void data@idvi ewl_Cel | Val ueChanged( obj ect
sender, DataQ@idVi ewCel | Event Args e)

this.Invalidate();

}

In this class, we first initialize the dat aG i dVi ewl and chart 2D1 controls in For ml’s
constructor. Then we implement the AddDat a method, which will be called by the OnPai n
method. In the AddDat a method, we create two sets of data series using the data displayed in the
dat aG i dVi ewl control. For each set of data series, the line style and symbol style are
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specified. For practical applications, you will need to change the AddDat a method corresponding
to the data contained in the dat aGr i dVi ewl. For example, if the dat aG i dVi ewl contain
data for three curves, you need to add one more data series to the char t 2D1 control.

Next we implement the standard menu click event handlers for Open Text, Open XML, Save
Text, and Save XML, which are similar to the commands in the project Example8 2 where
corresponding Button controls were used. Finally, we create a Cel | Val ueChanged event for
the dat aG i dVi ewl that will fire when the value of a cell changes. The code snippet

this.Invalidate();

ensures that the chart gets redrawn when the cell value changes. Press F5 to run the application.
Click the Open Text File menu and select the text file TextOl.txt, which is included in the
previous project Example8 2. This produces the output of Figure 8-4.

If you change the value of the cells or add or delete rows in the dat aGri dVi ewl, the 2D chart
will reflect the changes immediately.

Form1 E| [E| E|

File
My . .
i A 2 Sine and Cosine Chart
2 0.333 0.327 0,945 1,
3 0.6E7 0614 (.79 0
‘% 05
4 1 0.841 054 b
SO
R 1.333 0.972 0.236 o
B 1.BE7 0.995 £0.096 E 05
7 2 0.909 0416 1
8 2333 0723 067
_15 1 1 1 1 1 1
q 2 BET 0.457 £.889 01 2 3 4 5 B 7
10 3 0.141 099 | This is # axis

Figure 8-4 Combination of Dat aGri dVi ewand Chart2D controls.

Runtime Support

In the previous chapter, we implemented design-time support in the property browser for custom
user controls. The properties of the Char t 2D user control can easily be set at design-time from
the property browser. However, these properties have to be specified by code when the user
control is being used in an application, such as in the previous example. It would be better to
provide a richer editing experience by having the user interact directly with the properties of the
user controls at runtime. The .NET framework Pr opertyG i d control can bridge this gap and
display and set properties at runtime for any object or type.
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To demonstrate the application of the PropertyGi d, we start off with a new C# Windows
Application project, Example8 4, which is based on the previous example project. Copy all of the
classes, including the For mil class, from Example8 3 to the current project and change their
corresponding namespace to ExampleS 4. Open Formil. Desi gner.cs and change the
following code snippet

private Chart 20Li b. Chart 2D chart 2D1;

to
publi c Chart20Li b. Chart 2D chart 2D1;

This changes the chart 2D1 control from private to public, indicating that the control can be
accessed from other classes.

Add two new classes, Chart St yl e and Dat aGr i dVi ewSt yl e, to the current project. The
former contains properties for the chart 2D1 control, while the later contains properties for the
dat aGri dVi ewl control. All of the properties in these two classes are to be displayed in the
PropertyG i d. The following is the code listing for the Char t St yl e class:

usi ng System

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em Conponent Model ;
usi ng Chart2DLi b;

nanmespace Exanpl e8_4

{
public class ChartStyle

{
private Col or chartBackCol or = Col or. Wite;
private Col or pl ot BackCol or = Col or. Wi te;
private bool islLegendV sible = fal se;
private float xLinmMn = Of;
private float xLinhMax = 10f;
private float xTick = 2f;
private float yLimMn = Of;
private float yLi mvax = 10f;
private float yTick = 2f;
private DashStyle gridPattern = DashStyl e. Soli d;
private Color gridColor = Col or. Li ght G ay;
private float gridLineThi ckness = 1. 0f;
private bool isX&id = true;
private bool isY&id = true;
private string xLabel "X AXi s";
private string yLabel "Y Axis";
private string title ="M/ 2D Chart";

public Chart Styl e()

{
}

[ Description("The background col or of the chart area.™),
Category("Chart Style")]
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public Col or Chart BackCol or

{
get { return chartBackCol or; }
set { chartBackCol or = value; }

}

[ Description("The background col or of the plot area."),
Category("Chart Style")]
public Col or Pl otBackCol or
{
get { return plotBackCol or; }
set { plotBackCol or = val ue; }

}

[Description("lndi cates whether the | egend shoul d be shown."),
Category("Chart Style"), DefaultVal ue(false)]
publ i c bool 1sLegendVisible
{
get { return isLegendVi sible; }
set { isLegendVisible = value; }

}

[Description("Sets the naximumlinit for the X axis."),
Cat egory(" Axes"), DefaultVal ue(10)]
public float XLi mvax
{
get { return xLimax; }
set { xLinMax = value; }
}

[Description("Sets the maximnumlinit for the X axis."),
Cat egor y(" Axes"), Defaul t Val ue(0)]
public float XLinMn
{
get { return xLimMn; }
set { xLimMn = value; }

}

[Description("Sets the ticks for the X axis."),
Cat egor y(" Axes"), Defaul tVal ue(2)]
public float XTick
{
get { return xTick; }
set { xTick = val ue; }

}

[Description("Sets the maxinumlinit for the Y axis."),
Cat egory(" Axes"), Defaul tVal ue(10)]
public float YLi mvax
{
get { return yLinmax; }
set { yLinvax = value; }
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[Description("Sets the maxinumlinit for the Y axis."),
Cat egory("Axes"), Defaul t Val ue(0)]
public float YLimMn
{
get { return yLinMn; }
set { yLimMn = value; }
}

[Description("Sets the ticks for the X axis."),
Cat egory("Axes"), Defaul tVal ue(2)]
public float YTick
{
get { return yTick; }
set { yTick = val ue; }

}

[Description("lndicates whether the X grid is shown."),
Category("@id"), DefaultValue(true)]
public bool IsX@id
{
get { return isxX@id; }
set { isX@id = value; }
}

[Description("Indicates whether the Y grid is show."),
Category("@id"), DefaultValue(true)]
public bool IsYQid
{
get { returnisy@id; }
set { isYGid = value; }
}

[Description("Sets the line pattern for the grid lines."),
Category("@id")]
virtual public DashStyle GidPattern
{
get { return gridPattern; }
set { gridPattern = val ue; }
}

[Description("Sets the thickness for the grid lines."),
Category("@id"), DefaultValue(l)]
public float GidThickness
{
get { return gridLineThi ckness; }
set { gridLi neThi ckness = val ue; }

}

[Description("The color used to display the grid lines."),
Category("@id")]
virtual public GColor @QidCol or
{
get { return gridColor; }
set { gridColor = val ue; }
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}

[Description("Creates a label for the X axis."),
Category("Title and Label s"), DefaultVal ue("X Axis")]
public string XLabel
{

get { return xLabel; }

set { xLabel = value; }

}

[Description("Creates a label for the Y axis."),
Category("Title and Label s"), DefaultVal ue("Y Axis")]
public string YLabel
{

get { return ylLabel; }

set { yLabel = value; }

}

[Description("Creates a title for the chart."),
Category("Title and Label s"), Defaul tValue("M/ 2D Chart")]
public string Title
{

get { return title; }

set { title = value; }

}

This class includes the basic properties for the Char t 2D control , which can be changed by the
user at the runtime. You can add or delete properties from this class according to your application
requirements.

The following code is for the Dat aGri dVi ewSt yl e class:

usi ng System
usi ng Syst em Conponent Model ;
usi ng System Drawi ng;

nanmespace Exanpl e8_4
{
public class DataGidViewstyl e
{
private Color firstColumGColor = Col or. Wite;
private Col or secondCol unmCol or = Col or. Wi te;
private Col or thirdCol umGColor = Col or. Wite;

[Description("Sets the background color of the first colum."),
Cat egor y( " Background Col or")]
public ol or FirstCol umCol or
{
get { return firstColumCol or; }
set { firstColumCol or = val ue; }
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[Description("Sets the background col or of the second col umm."),
Cat egor y( " Background Col or")]
public Gol or SecondGCol umGCol or

{

get { return secondCol umCol or; }
set { secondCol umCol or = val ue; }

}

[Description("Sets the background color of the third colum."),
Cat egor y( " Background Col or")]
public Col or ThirdCol umCol or

{
get { return thirdCol umCol or; }

set { thirdGCol umCol or = val ue; }

}

In this class, we simply add some column color properties as examples to show you how to make
the Dat aGr i dVi ew's properties appear in the PropertyG i d control at runtime. You can
easily add more properties to this class according to your application requirements.

Next, add a new Window Form named Set Pr operti es to the current project and set its Text
property to Runtime Properties Editor.

In order to add a PropertyG i d control to the Form Set Pr operti es, we need to add the
PropertyG i d to the toolbox since it is not included by default. From the Tool s menu, select
Choose Tool box 1tens... In the dialog box, select the Fr amewor k Conponent s t ab,
then PropertyGri d.

Now drag the PropertyG i d control onto the Set Properti es form and add two button
controls. Set one button’s name to bt nOK and its Text property to OK. Set the other button’s name
to bt nCl ose and its Text property to C ose. The following is the code listing of the
Set Properti es class:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Dat a;

usi ng System Drawi ng;

usi ng Syst em W ndows. For ns;

nanmespace Exanpl e8_4

public partial class SettProperties : Form

{
private Fornl forni;

private Chart Styl e cs;
private DataQidVi ewstyl e dgvs;
private string sProperty;

public SetProperties(Fornl fml, ChartStyle chartStyle,
string sproperty)
{

InitializeConponent();
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forml = fni;

sProperty = sproperty;

cs = chartStyle;

cs. Chart BackCol or = forml. BackCol or;
propertyQi dl. Sel ect edChj ect = cs;

}

public SetProperties(Fornl fml, Data@idViewsStyle
dataGidViewStyle, string sproperty)

{
InitializeConponent();
forml = fni;
sProperty = sproperty;
dgvs = dataQ@idvi ewstyl e;
propertyQi dl. Sel ect ed(hj ect = dgvs;
}

private void btnGK dick(object sender, EventArgs e)
if (sProperty == "ChartStyl e")
Chart 2DSet ti ngs();
}él se if (sProperty == "Data@idVvi enstyl e")
Dat aGi dVi ewSetti ngs();

}

private void Chart2DSettings()

fornl. chart2Dl. QLegend. | sLegendVi si bl e =
cs. | sLegend\ si bl e;
fornil. chart 2D1. 2Chart Area. Chart BackCol or =
cs. Chart BackCol or;
fornil. chart 2D1. @2Chart Area. Pl ot BackQol or =
cs. Pl ot BackCol or;
forml. chart 2D1. C2XAXi s. XLi mMax = cs. XLi nivex;
forml. chart 2D1. @2XAxi s. XLinM n = cs. XLi nM n;
forml. chart 2D1. C2XAXi s. XTi ck = cs. XTi ck;
forml. chart 2D1. QYAXi s. YLi mMax = cs. YLi nivax;
forml. chart 2D1. QYAXi s. YLinM n = cs. YLi nM n;
forml. chart 2D1. QYAXi s. YTi ck = cs. YTi ck;
fornl. chart2Dl. 2Qid. GidColor = cs. @idCol or;
forml. chart2Dl. @2Qid. @idPattern = cs. @i dPattern;
fornl. chart2D1. Q@i d. @i dThi ckness = cs. @i dThi ckness;
fornml. chart2Dl. 2Qid.IsX@id = cs.1sX@id;
fornml.chart2Dl. 2Qid.IsYQid = cs.IsYQid;
forml. chart2D1l. CTitle. Title = cs. Titl g
forndl. chart 2D1. CLabel . XLabel cs. XLabel ;
forml. chart 2D1. C2Label . YLabel cs. YLabel ;

}
private void DataQidvi ewSettings()
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if (fornl. data@idVvi ewl. Col umCount > 2)

fornil. dataQi dvi ewl. Col utms[ 0] . Def aul t Cel | Styl e.
BackCol or = dgvs. Fi r st Gol ummCol or;

fornl. data@idvi ewl. Col ums[ 1] . Defaul t Cel | Styl e.
BackCol or = dgvs. SecondCol umQol or ;

fornl. data@ i dvi ewl. Col ums|[ 2] . Defaul t Cel | Styl e.
BackCol or = dgvs. Thi r dCol unmCol or ;

}

private void btnd ose_Qdick(object sender, EventArgs e)

this. d ose();

}

There are two overloaded constructors in this class: one is for the Char t 2D control and the other
for the Dat aGi dVi ew control. In order to get the Proper t yGri d running, we need to assign
instances of the Chart Styl e and Dat aG i dVi ewSt yl e classes to the PropertyGri d.
This is done using the Sel ect Obj ect property of the PropertyGri d:

propertyQi dl. Sel ect ed(hj ect
propertyQ@idl. Sel ect ed(hj ect

CSs;
dgvs;

This way, the Propert yGr i d can automatically figure out all of the fields of the Chart St yl e
or Dat aG i dVi ewSt yl e through reflection and display the property name along with the
property value on each line of the PropertyGrid. Another useful feature of the
PropertyG i d is that it can create special editing controls on each line that correspond to the
value type of that line.

The For mil class is basically the same as that in the previous project, with a few modifications.
We add a Property Setting menu that includes Chart Style and Dat aGr i dVi ew Style. The click
event handlers for these two items will open the corresponding Pr opert yGri d window. Here
is the new code added to the For mil class:

namespace Exanpl e8_4

{

public partial class Fornl : Form

private ChartStyl e cs;
private DataQ@idVi ewstyl e dgvs;

public Formi()
{
InitializeConponent();

cs = new Chart Style();
dgvs = new DataQi dViewstyl e();
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private void chart Styl eTool StripMenultenml_Q i ck(
obj ect sender, EventArgs e)

{
SetProperties sp = new SettProperties(this,
cs, "ChartStyle");
sp. Showb al og() ;
}

Runtime Properties Editor E”E|E|

o221
B Axes ”
#Lirnkd ax
=Limbdin 1]
=Tick 2
r'Lirnkd ax 10
“rLimbdin 1]
TTick 2
El Chart Style
ChartB ack Calar [ ] Control
| zLeqendyizible Falze
PlotB ackColaor [ ] white
B Grid
GridCalor [ ] LightGray
GridPatterm Solid
GrdT hickness 1
| s rid True
I Grid True
E Tite and Labels
Title by 20 Chart
#Label s
Label s b
XLimM ax
Setg the masimurn limik for the = axis.
0K e Close

Figure 8-5 Properties of the Chart2D control displayed in the
PropertyGrid.
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private void data@idvi enstyl eTool Stri pMenul tem Qi ck(
obj ect sender, EventArgs e)

{
SetProperties sp = new SettProperties(this, dgvs,
"DataQi dViewstyl e");
sp. Showbi al og() ;
}

}

Press F5 to run the application. Open the text file TextOl.txt from the previous project,
Exanpl e8_2. This produces output similar to Figure 8-4. Now click the Property Setting menu
and select Chart Style item to open the Propert yG i d window, as shown in Figure 8-5. From
this window, you can set properties for the Chart2D control at runtime. After changing the values
of the properties, you can click OK button to make the changes effective.

Similarly, you can select the Dat aG i dVi ew Style from the Property Setting menu to open the
PropertyG i d window, which allows you to set properties for the Dat aGr i dVi ew control at
runtime, as shown in Figure 8-6. If you change the properties of the dat aGri dVi ewl control
from this window and click the OK button, the change will take effect immediately.

Runtime Properties Editor EE]E|

F=>| £

E Background Color

FirgtColurmnCalor [ 1 White w
SecondColumnColor [ ] ‘white
T hirdColurnmnColar [ 1 White

FirstColumnColor
Setz the background color of the first column,

ok, ] [ Close

Figure 8-6 Properties of the dataGridView1 control displayed in the
PropertyGrid.

DataGridView and Chart3D Control

In the same manner as we did for 2D charts, you can combine the Dat aGri dVi ew with a
Char t 3D control. However, the 3D case is much more complicated than the 2D case. In this
section, we will only consider standard 3D surface data files with formats defined so that for each
X and Y value, there is a corresponding Z value, as shown in the following table:
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NA X1 X2 X3

Y1 Z(X1,Y1) Z(X2,Y1) Z(X3,Y1)
Y2 Z(X1,Y2) Z(X2,Y2) Z(X3,Y2)
Y3 Z(X1,Y3) Z(X2,Y3) Z(X3,Y3)

We will not discuss data formats for 3D lines and 4D slice charts. You can easily create C#
applications containing these special charts and Dat aG i dVi ew controls, following the same
procedure discussed here.

Creating Text Data File

In this subsection, we will show you how to create a 3D data file using a C# application. In
practice, you can create such a data file using any other program, including Microsoft Excel and
special CAD tools. The following steps lay out the user interface for the current project:

*  Create a new C# Windows Application project and call it Example8 5.
* DragaMenuStri p control from the Toolbox onto For .
» Right click the MenuSt r i p control, select Insert, and choose the CormboBox.

* AddaSplitContainer control, which will hold a Dat aG i dVi ewin its left panel and a
Char t 3D control in its right panel, to For mi. Set its Dock property to Fi | | from the
property browser.

* AddaDat aG i dVi ewcontrol to the left panel and set its Dock property to Fi | | from the
property browser.

* AddaChart 3Dcontrol to the right panel and set its Dock property to Fi | | from the
property browser.

* Add the class Dat aSet 2Text from the previous project Example§ 2 to the current project,
and change its namespace to Example8_5. Modify it according to the following code to
reflect the 3D features:

usi ng System

using System Col | ecti ons. Generi c;

usi ng System Text;

using Systeml|Q

usi ng System Col | ecti ons. Speci al i zed,;
usi ng System Col | ecti ons;

usi ng Syst em W ndows. For ns;

nanespace Exanpl e8 5

cl ass Dat aSet 2Text
{



Chapter 8 DataGridView and Chart User Controls

487

public static void Convert2Text (Dat a@i dVi ew dgv)

{
SaveFi | eD al og saveFi | eDi al ogl = new SaveFi | eD al og();
saveFileD alogl.Filter =
"Text files (*.txt)|*.txt|Al files (*.*)|*.*";
saveFi | eDial ogl. Filterlndex = 1;
saveFi | eDi al ogl. RestoreDirectory = true;
if (saveFileD al ogl. ShowD al og() == D al ogResul t. CK)
{
try
{
StreanWiter sr = new StreamWiter (
saveFi | eDi al ogl. Fi | eNane) ;
string textLine;
for (int j =0; j < dgv. RowCount - 1; j++)
{
string value = dgv[0, j].Value as string;
if (value '= null)
textLine = dgv[0, j].Value. ToString();
for (int i =1; i < dgv.ColumCount; i++)
{
string valuel = dgv[i, j].Value
as string;
if (valuel !'= null)
{
textLine = textLine + "\t" +
dgv[i, j].Value. ToString();
}
sr. Wi teLine(textLine);
}
sr.dose();
}
catch (Exception e)
MessageBox. Show( e. Message, "Error saving file.");
}
}
}

Finally, implement the following code in the For mi class:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2b,
usi ng System Dat a;

usi ng System W ndows. For ns;

usi ng Chart 3DLi b;
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namespace Exanpl e8_5

{

public partial class Fornl : Form
{
private DataSeries ds;
private DataSet dataSet1;

public Formi()
{
InitializeConponent();
this. Set Styl e(Control Styl es. Resi zeRedraw, true);
ConboboxSet up() ;
ds = new DataSeries();
dataSet1 = new Dat aSet ();
dat a@ i dVi ewl. Col unnHeader sDef aul t Cel | Styl e. Ali gnment =
Dat a@ i dVi enCont ent Al i gnrrent . M ddl eCent er ;
dat a@ i dVi ewl. RowHeader sDef aul t Cel | Styl e. Ali gnment =
Dat aQ i dVi enCont ent Al i gnrent . M ddl eR ght ;
dat a@ i dVi ewl. RowHeader sWdth = 70;

}

private void ConmboboxSet up()
{
t ool Stri pConboBox1. | t ens. Add(" Mesh");
t ool Stri pConboBox1. | t ens. Add(" MeshZ") ;
tool Stri pConboBox1. | tens. Add("Waterfal I ");
t ool Stri pConboBox1. | t ens. Add(" Surface");
t ool Stri pConboBox1. | t ens. Add(" XYCol or");
t ool Stri pConboBox1. | t ens. Add(" Cont our");
t ool Stri pConboBox1. I tens. Add("Filled Contour");
t ool Stri pConboBox1. |t ens. Add( " Mesh + Contour");
t ool Stri pConboBox1. | t ens. Add(" Surface + Contour");
t ool Stri pConboBox1. |t ens. Add(" Surface + Contour");
t ool Stri pConboBox1. | tens. Add("Surface + Filled Contour");
t ool Stri pConboBox1. |t ens. Add("Bar 3D') ;
t ool Stri pConboBox1. Sel ectedltem = "Surface";

}

private void Chart TypeSet up()
{
string chartType = tool Stri pConboBox1.
Sel ectedltem ToString();
switch (chart Type)
{
case "Mesh":
chart 3D1. C30r awChar t . Chart Type =
Dr anChar t . Char t TypeEnum Mesh;
br eak;
case "Meshz":
chart 3D1. C30r awChar t . Chart Type =
Dr anChar t . Char t TypeEnum Meshz;
br eak;
case "Waterfal | ":
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chart 3D1. C30r awChar t . Chart Type =
DrawChart . Chart TypeEnum Waterfal | ;
br eak;
case "Surface":
chart 3D1. C30r awChar t . Chart Type =
Dr anwChar t . Char t TypeEnum Sur f ace;
br eak;
case "XYCol or":
chart 3D1. C30r awChar t . Chart Type =
Dr awChar t . Char t TypeEnum XYCol or ;
br eak;
case "Contour":
chart 3D1. C30r awChar t . Chart Type =
Dr awChar t . Char t TypeEnum Cont our ;
br eak;
case "Filled Contour":
chart 3D1. C3Dr anChart . Chart Type =
Dr awChart . Chart TypeEnum Fi | | Cont our ;
br eak;
case "Mesh + Contour":
chart 3D1. G3Dr anChart. Chart Type =
Dr anwChar t . Char t TypeEnum MeshCont our ;
br eak;
case "Surface + Contour":
chart 3D1. G3Dr awChart. Chart Type =
Dr anwChar t . Char t TypeEnum Sur f aceCont our ;
br eak;
case "Surface + Filled Contour":
chart 3D1. G3Dr anChar t . Chart Type =
Dr awChar t . Char t TypeEnum Sur f aceFi | | Cont our ;
br eak;
case "Bar3D':
chart 3D1. CG3Dr awChar t . Chart Type =
Dr awChar t . Char t TypeEnum Bar 3D,
br eak;

}
protected override voi d nPai nt (Pai nt Event Args e)
{ AddDat a() ;
if (data@idvi ewl. RowGount == 0)
Popul at eDada@ i dVi ew() ;

}
if (data@idvi ewl. RowCount > 0)
{

}

Chart TypeSet up() ;
}
private voi d Popul at eDadaQ i dVi ew()

Point 3[,] zdata = chart3Dl. C3Dat aSeri es. Poi nt Arr ay;
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int nx = zdata. Get Lengt h(0);
int ny = zdata. GetLengt h(1);
float[] xdata = new float[nx];
float[] ydata = new float[ny];
for (int i =0; i <nx; i++)

xdata[i] = chart3Dl. C3Dat aSeries. XDataM n +
i * chart3DL. C3Dat aSeri es. XSpaci ng;

}
for (int j =0; j <ny; j+4)

ydata[j] = chart3Dl. C3Dat aSeries. YDataM n +
j * chart3DLl. C3Dat aSeri es. YSpaci ng;

}
dat a@i dvi ewl. Col umCount = nx + 1;
for (int i =0; i < data@idVi enl. Col umCount; i++)
{
dat aQi dVi ewl. RowHeader sDef aul t Cel | Styl e. Al i gnrent
Dat aQ i dVi enCont ent Al i gnrrent . M ddl eRi ght ;
data@i dvi ewl. Col ums[i]. Wdth = 80;
data@i dVi ewl. Col ums[i].Defaul t Cel | Styl e. Ali gnnent
Dat a@ i dVi enCont ent Al i gnrrent . M ddl eRi ght ;

for (int j =0; j <ny +1; j++)
if (i ==0)
dat a@ i dVi ewl. Rows. Add() ;

data@idVviewl[0, 0].Value = "NA";
if (j >0

dataQ@i dVi ewl. Rows[j]. Header Cel | . Val ue =

"Y'+ j.ToString();
data@idviewl[O, j].Value =
ydatal[j - 1].ToString();
}

}
it (i >0)

dataQ@idVi ewl. Col ums[i]. Name =
"X+ i.Tostring();

data@idviewl[i, 0].Value =
xdatali - 1].ToString();

}
if (i >08&%j >0)
{
dataGidviewl[i, j].Value =
zdata[i - 1, j - 1].Z ToString();
}

}
private void AddDat a()
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chart 3D1. C3Axes. XM n
chart 3D1. C3Axes. XMax
chart 3D1. C3Axes. YM n
chart 3D1. C3Axes. YMax
chart 3D1. C3Axes. ZM n
chart 3D1. C3Axes. ZMax
chart 3D1. C3Axes. XTi ck
chart 3D1. C3Axes. YTi ck
chart 3D1. C3Axes. ZTi ck

- 3'
3;
- 3'

_8’

oo
R

chart 3DL. C3Dat aSeri es. XDat aM n

chart 3D1. C3Dat aSeri es. YDat aM n

chart 3D1. C3Dat aSeri es. XSpaci ng = 0. 3f;

chart 3DL. C3Dat aSeri es. YSpaci ng = 0. 3f;

chart 3D1. C3Dat aSeri es. XNunber = Convert. Tol nt 16(
(chart 3D1. C3Axes. XMax - chart 3DL. C3Axes. XM n) /

chart 3DL. C3Dat aSeri es. XSpaci ng) + 1;

chart 3D1. C3Dat aSeri es. YNunber = Convert. Tol nt 16(
(chart 3DL. C3Axes. YMax - chart 3D1. C3Axes. YM n) /
chart 3D1. C3Dat aSeri es. YSpaci ng) + 1;

chart 3D1. C3Axes. XM n;
chart 3D1. C3Axes. YM n;

Point3[,] pts = new Point 3[ chart 3D1. C3Dat aSeri es. XNunber ,
chart 3D1. C3Dat aSeri es. YNunber] ;
for (int i =0; i < chart3Dl. C3DataSeri es. XNunber; i++)

for (int j =0; j < chart3DL. C3DataSeries. YNunber;
j++)
{

float x = chart3Dl. C3Dat aSeri es. XDataM n +
i chart 3D1. C3Dat aSeri es. XSpaci ng;
float y = chart3DLl. C3Dat aSeri es. YDataM n +
j * chart3Dl. C3Dat aSeri es. YSpaci ng;

double zz = 3 * Math. Pow((1 - x), 2) *

Mat h. Exp(-x * x - (y + 1) * (y +1)) - 10 *
(0.2 * x - mMath.Pow(x, 3) - Math.Powy, 5)) *
Math. BExp(-x * x - y *y) - 1/ 3*

Math. Exp(-(x + 1) * (x +1) -y *y);

float z = (fl oat) zz;

pts[i, j] = new Point3(x, y, z, 1);

*

}

}
chart 3DL. C3Dat aSeri es. Point Array = pts;
}

private void tool StripConboBox1_Sel ect edl ndexChanged(
obj ect sender, EventArgs e)
{

}

private voi d saveText Fil eTool Stri pMenultem d i ck(
obj ect sender, EventArgs e)
{

this.lnvalidate();
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if (dataGidvi ewl. RowCount > 0)
{

}

Dat aSet 2Text . Convert 2Text (dat aG i dVi ewl) ;

}

In this project, we create a 3D data file for a peak function. You can easily create a text data file
for any other function using the current application.

This project generates the output of Figure 8-7.

E Form1

Fie  PropertySettng Sufsce =

D e My 3D Chart
bl -3 B.74E624E5 | 0000292522
2 2.7 0U0D0IBE1584 | 0000800255
¥a 24 000M208 | COMBIET | o
¥4 21 DOOOTS7TE'E| 00034 | <
hi-] 1.8 0000334279 COD4E1149 =
i 1.5 0DDOIS1Es 1| CO0259627
Y7 1.2 0bozress'¥ | L0080453
Y8 0B93939 Q001 | 0032544

€ >

_———ee,
Figure 8-7 Output window of the project Example8_5.

Now click the File menu, select “Save Text File”, and enter the file name “data3d.txt”. The data is
saved in the following format shown in Figure 8-8.
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N =3 -d.7 =-£.4 =-2.1 =-1.8 =-1.2 =1.& =0,899090859 -0
-3 6. 746624E-05 O.0002925229 0.001004577 0.002 640
-2.7 0.0001861554 0.0008002551 0.002701343 0.006541
=2.4 0.000422086 0.001823675 0.006161598 0.01547654 0.024730
=2.1 0.0007577616 0.00338148 0.01183304 0.03109406 0.
-1.8 0.0009342719 0.004611494 0.01783587 0.05274227 0.
-1.5 0.0001916911 0.002596272 0.01556833 0.06236493 0.
=1.2 =0.00&755317 =0.008045319 =D.01320627 0.010420
-0.8§9999599 -0.0083953011 -0.03215449 -0.08714014 -0.16304

-0.59999599 -0.01774956 -0.0676195 -0.2015487 -0.457725 -0
=0,2999999 =0,0261498 =-0,1022233 =0.3174155 =-0.,.7677316 -1
1.192093E-07 -0.03040022 -0.1203082 -0.380£2821 -0.94572
0.3000001 -0.028658027 -0.11418959 -0.3640522 -0.9172148 -1
0. 6000001 -0.02220554 -0.06885926 -0.2832044 -0.7160659 -1

0.9000002 -0.01400913 -0.05555602 -0.175822 =0.4366523 -0
1.2 -0.00694477 34 -0.02670277 -0.080182581 -0.18017Y98 -0
1.5 -0.002434747 -0.008251747% -0.013887 -0.01530
1.8 =0,.0003 603667 =5.505608E=05 0.00689434 0.048002
2.1 0.0002170223 0.001801472 0.01053931 0.047303 0.
2.9 0.000207041°7%7 0.001300712 0.006582556 0.02711574 O.
2.7 9.860Z61E-05 0.000578951 0.002798358 0.011167Y86 O.
3 3.,298877E-05 0.0001885039 0.0008330928 0.

Figure 8-8 Text data file of data3d.txt.

Creating DataGridView Application

Start off with a new C# Windows Application project and call it ExampleS 6. Add all of the
classes from the previous project Example8 5, as well as Dat aSet 2XM_, Text 2Dat aSet , and
XM_2Dat aSet classes from Example8 2, to the current project and change their namespace to
Example8 6.

Change the For L class using the following code snippet:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Drawi ng;

usi ng System Drawi ng. Dr awi ng2D;
usi ng System Dat a;

usi ng System W ndows. For ns;

usi ng Chart 3DLi b;

nanespace Exanpl e8_6
public partial class Fornl : Form

{
private DataSeries ds;

private DataSet dataSet1;

public Formi()
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}

InitializeConponent();
this. SetStyl e(Control Styl es. Resi zeRedraw, true);
GonboboxSet up() ;

ds = new DataSeries();

dataSet1 = new DataSet();

dat a@ i dVi ewl. Col unnHeader sDef aul t Cel | Styl e. Ali gnrent =
Dat aG i dVi enCont ent Al i gnnent . M ddl eCent er ;

dat aG i dVi ewl. RowHeader sDef aul t Cel | Styl e. Ali gnnent =
Dat aG i dVi enCont ent Al i gnrent . M ddl eR ght ;

dat a@ i dVi ewl. RowHeader sWdth = 70;

private voi d GConboboxSet up()

{

}

private void Chart TypeSet up()

{

t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1. | t ens.
t ool Stri pConboBox1.

string chartType =
t ool Stri pConboBox1. Sel ect edltem ToString();
swi tch (chart Type)

{

case "Mesh":

Add( " Mesh");

Add( " Meshz");
Add("Vaterfall");

Add(" Surface");

Add( " XYCol or");

Add(" Contour");
Add("Filled Gontour");
Add(" Mesh + Contour");
Add(" Surface + Contour");
Add(" Surface + Contour");
Add(" Surface + Filled Gontour");

Add("
Sel ectedl tem = "Surface";

Bar3D');

chart 3D1. C3Dr anChart . Chart Type =
Dr awChar t . Char t TypeEnum Mesh;

br eak;
case "Meshz":

chart 3D1. C3Dr anChart . Chart Type =
Dr anChar t . Char t TypeEnum Meshz;

br eak;
case "Waterfall":

chart 3D1. G3Dr anChart. Chart Type =
DrawChart . Chart TypeEnum Wt erfal | ;

br eak;
case "Surface":

chart 3D1. G3Dr anChart. Chart Type =
Dr awChar t . Char t TypeEnum Sur f ace;

br eak;
case "XYCol or":

chart 3D1. G3Dr anChar t. Chart Type =
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}

Dr awChar t . Char t TypeEnum XYCol or ;
br eak;
case "Contour":
chart 3D1. G3Dr anChart. Chart Type =
Dr awChar t . Char t TypeEnum Cont our ;
br eak;
case "Filled Contour":
chart 3D1. CG3Dr awChar t . Chart Type =
DrawChar t . Chart TypeEnum Fi | | Cont our ;
br eak;
case "Mesh + Contour":
chart 3D1. G3Dr awChar t . Chart Type =
Dr anwChar t . Char t TypeEnum MeshCont our ;
br eak;
case "Surface + Contour":
chart 3D1. G3Dr awChar t . Chart Type =
Dr awChar t . Char t TypeEnum Sur f aceCont our ;
br eak;
case "Surface + Filled Contour":
chart 3D1. C30r awChar t . Chart Type =
Dr anwChar t . Char t TypeEnum Sur f aceFi | | Cont our ;
br eak;
case "Bar3D':
chart 3D1. C30r awChar t . Chart Type =
Dr anChar t . Char t TypeEnum Bar 3D,
br eak;

protected override voi d nPai nt (Pai nt Event Args e)

}

if (data@idvi ewl. RowGount > 0)

AddDat a() ;
Chart TypeSet up() ;

private void

{

chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.
chart 3D1.

AddDat a()

C3Axes. XM n
C3Axes. X\vax
C3Axes. YM n
C3Axes. YMax
C3Axes. ZM n
C3Axes. ZMax
C3Axes. XTi ck
C3Axes. YTi ck
C3Axes. ZTi ck

nono
ol

Point3[,] pts = new Point 3[
dat a@i dVi ewl. Col umns. Count - 1,
dat aG i dVi ewl. RowCount - 3];

float x,

Y, Z;
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for (int i =1; i < data@idVi ewl. Col umCount; i++)
{
x = Convert. ToS ngl e((
string)data@idViewl[i, 0].Value);

for (int j =1; j < data@idViewl. RowCount - 2; j++)
y = Convert. ToS ngl e( (
string)data@idviewl[0, j].Value);
z = Convert. ToSi ngl e((

string)data@idviewl[i, j].Value);
pts[i - 1, j - 1] =new Point3(x, vy, z, 1);
}

}

chart 3DL. C3Dat aSeri es. Point Array = pts;

chart 3DL. C3Dat aSeries. XbataMn = pts[0, 0].X

chart3DL1. C3Dat aSeries. YDataMn = pts[0, 0].Y;

chart 3D1. C3Dat aSeri es. XSpaci ng
pts[1, 0].X - pts[0, O].

chart 3D1. C3Dat aSeri es. YSpaci ng
pts[0, 1].Y - pts[O, O].

chart 3D1. C3Dat aSeri es. XNunber = pts Get Lengt h(0) ;

chart 3D1. C3Dat aSeri es. YNunber = pts. GetLength(1);

-<II}_<II I

}

private void tool StripConboBox1_Sel ect edl ndexChanged(
obj ect sender, EventArgs e)
{

}

private void saveText Fil eTool Stri pMenul tem d i ck(
obj ect sender, EventArgs e)

this.lnvalidate();

if (data@idvi ewl. RowGount > 0)
{

}

Dat aSet 2Text . Conver t 2Text (dat aQ i dVi ewl) ;

}

private void openText Fi |l eTool Stri pMenultem A i ck(
obj ect sender, EventArgs e)
{

dat aSet 1 = Text 2Dat aSet . Convert 2Dat aSet (" M/Dat aSet ") ;
dat a@i dVi ewl. Dat aSour ce = dat aSet 1;
dat aG i dVi ewl. Dat aMenber = "M/Dat aSet";

for (int i =0; i < data@idVi enl. Col umCount; i++)
{
data@idvi ewl. Col ums[i]. Wdth = 70;
dataGidVi ewl. Col ums[i].Defaul tCel | Styl e. Ai gnment =
Dat aG i dVi enCont ent Al i gnrrent . M ddl eRi ght ;

}
for (int i =1; i <data@idViewl. RowCount - 2; i++)
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data@i dVi ewl. Rows[i]. Header Cel | . Val ue =
"Y'+ i.ToString();
}

this.lnvalidate();

}

private voi d openXM.Fi | eTool Stri pMenultem A i ck(
obj ect sender, EventArgs e)
{

dataSet1 = XM.2Dat aSet . Convert 2Dat aSet () ;
dat a@i dVi ewl. Dat aSour ce = dat aSet 1;
dat a@ i dVi ewl. Dat aMenber "M/Dat aSet ";

for (int i =0; i < data@idviewl. Gl umCount; i++)

dataQ@i dvi ewl. Col ums[i].Wdth = 70;
dataQidvi ewl. Col ums[i] . Defaul tCel | Styl e. Ali gnnent =
Dat aQ i dVi enCont ent Al i gnrrent . M ddl eRi ght ;

}

for (int i =0; i < dataQidViewl. Rows. Count - 1; i++)

{
data@idVi ewl. Rows[i]. Header Cel | . Val ue =

(i +21).ToString();

this.Invalidate();

}

private void saveXM.Fi | eTool Stri pMenultem A i ck(
obj ect sender, EventArgs e)

if (dataGidvi ewl. RowCount > 0)
{

}

Dat aSet 2XM.. Convert 2XM_( dat aSet 1) ;

}
In this class, the text data file, text3d.txt, created in the previous project is read into the
dat aGri dVi ewl control with an Open Text File menu click. Then, the AddDat a method adds
data from the dat aGr i dVi ewl to the Char t 3D control.

Next we implement standard menu click event handlers for Open Text, Open XML, Save Text,
and Save XML, which are similar to those in the previous project Example8 2. Finally, we create
a Cel | Val ueChanged event for the dat aGri dVi ewl that fires when the value of a cell
changes. The code snippet:

this.lnvalidate();

ensures that the chart gets redrawn when the cell value changes. Press F5 to run the application.
Click the Open Text File menu and select the text file data3d.txt created in the previous example.
Select Surface + Filled Contour from the ConmboBox. This produces output of Figure 8-9.
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Instead of importing a text data file, you can also read an XML file, such as xml3d.xml, which
was created in the previous example, into the dat aGri dVi ewl control.

® Form1
Y1 3 EMEE2E. 0000
y2 27 00001861 000
Y3 2.4 00004220, . | QDDE o
4 21 00007577 0003 b,
¥5 18 000%M2 00D |
6 15 DONIFE.. 000
Yr 1.2 0002755, | 0UD0E
Y8 | 08999939 0008953 -|:||]32'v

L >

Figure 8-9 Combination of Dat aGri dVi ewand Chart3D controls.

Runtime Support

In this section, we will create runtime support for the Dat aG i dVi ew and Char t 3D controls.
This runtime support provides a rich editing experience by allowing the user to interact directly
with the properties of the user controls at runtime. As in the case of 2D applications, we will use
the Proper t yG i d control to display and set properties at runtime for any object.

To demonstrate the application of the PropertyG i d in a 3D charting application, we start off
with a new C# Windows Application project, Example8_7, based on the previous project. Copy all
of the classes, including For mlL. cs, from Example8 6 to the current project and change their
corresponding namespace to Example8 7. Open Formil. Desi gner. cs, and change the
following code snippet

private Chart3D0Li b. Chart 3D chart 3D1;

to
publi ¢ Chart 3D0Li b. Chart 3D chart 3D1;

This changes the chart 3D1 control from private to public, indicating that the control can be
accessed from other classes.

Add three new classes, Chart St yl e, Axes, and Gri d, to the current project. These classes
contain different types of properties for the char t 3D1 control. All of the properties in these three
classes will be displayed in the PropertyG i d. The following is the code listing for the
Chart Styl e class:

usi ng System
usi ng System Drawi ng;
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usi ng System Draw ng. Draw ng2Db,
usi ng Syst em Conponent Model ;
usi ng Chart 3DLi b;

namespace Exanpl e8 7

public class ChartStyle

{

private bool isColorBar = fal se;

private string xLabel = "X Axis";
private string yLabel ="Y Axis";
private string zLabel ="Z Axis";

private Font |abel Font = new Font("Arial", 10,
Font Styl e. Regul ar);

private Col or |abel FontGol or = Col or. Bl ack;

private string title ="M/ 3D Chart";

private Font titleFont = new Font("Arial Narrow,
14, FontStyle. Regul ar);

private Color titleColor = Qol or. Bl ack;

public Chart Styl e()

{
}

[Description("Wether or not the chart has a color bar."),
Cat egory(" Col or Bar")]
publ i ¢ bool |sCol orBar
{
get { return isColorBar; }
set { isColorBar = value; }

}

[Description("The label for the X axis ."),
Cat egory("Axi s Label s")]
public string XLabel
{
get { return xLabel; }
set { xLabel = value; }

}

[Description("The label for the Y axis ."),
Cat egory("Axi s Label s")]
public string YLabel
{
get { return ylLabel; }
set { yLabel = value; }

}

[Description("The | abel for the Z axis ."),
Cat egory(" Axi s Label s")]
public string ZLabel
{
get { return zlLabel; }
set { zlLabel = value; }
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}

[Description("The font for the axis labels ."),
Cat egory(" Axi s Label s")]
public Font Label Font
{
get { return |abel Font; }
set { label Font = val ue; }

}

[Description("The color for axis labels ."),
Cat egory(" Axi s Label s")]
public Col or Label Font Col or
{
get { return | abel Font Col or; }
set { | abel FontCol or = val ue; }

}

[Description("The chart title ."),
Category("Title")]
public string Title
{
get { return title; }
set { title = value; }

}

[Description("The font for the title."),
Category("Title")]
public Font TitleFont
{
get { return titleFont; }
set { titleFont = value; }

}

[Description("The color for the title ."),
Category("Title")]
public Color TitleCol or

{
get { return titleColor; }

set { titleColor = value; }

}

This class includes basic chart style properties for the Char t 3D control which can be changed by
the user at the runtime. These properties can be used to control the appearance of the color bar,
labels, and title of a 3D chart. You can add or delete properties from this class according to your
application requirements.

The following code is for the Axi sLi mi t s class:

usi ng System

usi ng System Drawi ng;

usi ng System Draw ng. Draw ng2Db,
usi ng Syst em Conponent Model ;
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usi ng Chart 3DLi b;

namespace Exanpl e8 7

{

public class AxisLimts

{
private float xMax = 5f;
private float xMn = -5f;
private float yMax = 3f;
private float yMn = -3f;
private float zMax = 6f;
private float zMn = -6f;

private float xTick = 1f;
private float yTick
private float zTick = 3f;
private Chart3D chart 3d;

I
[EEN
-+

public AxisLimts()
{
}

[Description("Sets the maximnumlint for the X axis."),
Cat egory(" Axes"), Defaul tVal ue(5)]
public float Xvax
{
get { return xMax; }
set { xMax = val ue; }

}

[Description("Sets the maximnumlinit for the X axis."),
Cat egory(" Axes"), Defaul tVal ue(-5)]
public float XMn
{
get { return xMn; }
set { xMn = value; }

}

[Description("Sets the naximumlimt for the Y axis."),
Cat egory("Axes"), Defaul tVal ue(5)]
public float YMax
{
get { return yMax; }
set { yMax = value; }

}

[Description("Sets the naximnumlint for the Y axis."),
Cat egory("Axes"), Defaul tVal ue(-5)]
public float YMn
{
get { return yMn; }
set { yMn = value; }

}

[Description("Sets the naximnumlint for the Z axis."),
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Cat egory(" Axes"), DefaultVal ue(6)]
public float ZMax
{
get { return zMax; }
set { zMax = value; }
}

[Description("Sets the maximnumlinit for the Z axis."),
Cat egory( " Axes"), Defaul tVal ue(-6)]
public float ZMn
{
get { return zMn; }
set { zMn = value; }

}

[Description("Sets the X ticks."),
Cat egor y(" Axes"), Defaul tVal ue(1)]
public float XTick
{

get { return xTick; }

set { xTick = val ue; }

}

[Description("Sets the Y tick."),
Cat egory("Axes"), Defaul tVal ue(1)]
public float YTick
{

get { return yTick; }

set { yTick = value; }

}

[Description("Sets the Z ticks."),
Cat egory("Axes"), Defaul tVal ue(3)]
public float ZTick
{

get { return zTick; }

set { zTick = val ue; }

}

This class allows users to change the axis properties of the 3D chart at runtime, such as the axis
limits and ticks for the X, Y, and Z axes. The following code is for the Gri dSt yl e class:

usi ng System

usi ng System Dr aw ng;

usi ng System Drawi ng. Drawi ng2Db;
usi ng Syst em Conponent Model ;
usi ng Chart 3DLi b;

namespace Exanpl e8_7

{
public class GidStyle

{

private bool isX@id = true;
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private bool isY&id
private bool iszZGid

true;
true;

public @idstyle()
{
}

[Description("Wether the chart has the X grid."),
Category("@id")]
public bool IsX@id

{
get { return isxX@id; }
set { isX@id = value; }
}

[Description("Wether the chart has the Y grid."),
Category("@id")]
public bool IsYQid

{
get { return isy@id; }
set { isYGid = value; }
}

[Description("Wether the chart has the Z grid."),
Category("@id")]
public bool 1szGid

{
get { return isz@id; }
set { isZz@id = value; }

}

You can display or hide the gridlines for the individual coordinate axes of a 3D chart by setting
the G i dSt yl e properties at runtime using this class.

Next, add a new Window Form named Set Pr operti es to the current project and set its Text
property to Runtime Properties Editor.

In order to add a Propert yG i d control to the Set Properti es Form, we need to add the
PropertyGid to the toolbox because it is not included by default. From the Tool s menu,
select Choose Tool box |t ens... In the dialog box, select the Fr amewor k Conponent s
t ab, then PropertyGid.

Now drag the PropertyGri d control onto the Set Properti es form and add two button
controls. Set one button’s name to bt NOK and its Text property to OK. Set the other button’s name
to bt nCl ose and its Text property to Cl ose. The following is the code listing of the
Set Properti es class:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Dat a;

usi ng System Drawi ng;

usi ng System W ndows. For ns;
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namespace Exanpl e8_7
{
public partial class SetProperties : Form
{
private Fornl forni;
private ChartStyl e cs;
private AxisLinits al;
private QidStyle gs;
private string sProperty;

public SetProperties(Fornl fnl, ChartStyle chartStyle, string sproperty)

{
I'nitializeConponent();
forml = fni;
sProperty = sproperty;
cs = chartStyl e;
propertyQi dl. Sel ect ed(hj ect = cs;
}
public SetProperties(Fornl fnl, AxisLimts axisLimts, string sproperty)
{
InitializeConponent();
formi = fni;
sProperty = sproperty;
al = axisLimts;
propertyQ@i dl. Sel ect edChj ect = al ;
}
public SetProperties(Fornl fml, QidStyle gridStyle, string sproperty)
{
InitializeConponent();
formi = fni;
sProperty = sproperty;
gs = gridstyl e;
propertyQi dl. Sel ect ed(hj ect = gs;
}
private void btnGK _dick(object sender, EventArgs e)
{

if (sProperty == "Chart Styl e")
Chart 3DSet tings();

}él se if (sProperty == "AxisLimts")

{ Axi sLimtSettings();

}él se if (sProperty == "QidStyle")
QidSettings();

}
fornl. I nvalidate();
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private void Chart3DSettings()

{
fornil. chart 3DL. C3Chart Styl e. | sCol orBar = cs. | sCol or Bar;
fornil. chart 3D1. C3Label s. XLabel = cs. XLabel ;
forml. chart 3D1. C3Label s. YLabel = cs. YLabel ;
fornil. chart 3D1. C3Label s. ZLabel = cs. ZLabel ;
forml. chart 3DL. C3Label s. Label Font = cs. Label Font;
fornl. chart 3D1. C3Label s. Label Font Col or = cs. Label Font Col or;
forml. chart3D1. C3Label s. Title = cs. Titl g;
fornil. chart 3D1. C3Label s. Titl eFont = cs. Titl eFont;
forml. chart3D1. C3Label s. TitleColor = cs. Titl eCol or;
}
private void AxisLimtSettings()
{
fornl. chart 3D1. C3Axes. X\Vax = al . XMax;
forndl. chart 3D1. C3Axes. XM n = al . XM n;
forml. chart 3D1. C3Axes. YMax = al . YMax;
fornil. chart 3D1. C3Axes. YMn = al . YM n;
forml. chart 3D1. C3Axes. ZMax = al . ZMax;
fornil. chart 3D1. C3Axes. ZMn = al . ZM n;
forml. chart 3D1. C3Axes. XTi ck = al . XTi ck;
fornil. chart 3D1. C3Axes. YTi ck = al . YTi ck;
forml. chart 3D1. C3Axes. ZTi ck = al . ZTi ck;
}
private void GidSettings()
{
fornl.chart3DL. C3Gid.IsX@id = gs.lsX@id;
fornl.chart3DL. C3Gid.IsYGid = gs.lsYQid;
forml. chart3DLl. C3@id.1sZ@id = gs.|1sZGid;
}

private void btnd ose_Qdick(object sender, EventArgs e)

this.dose();

}

There are three overloaded constructors in this class, which are used to assign instances of the
ChartStyle, Axi sLimts, and Gi dStyl e classes to the PropertyG i d. This is done
using the Sel ect Obj ect property of the PropertyG i d:

propertyQidl. Sel ect edChj ect = cs;
propertyQ@i dl. Sel ect edChj ect = al ;
propertyQi dl. Sel ect edhj ect = gs;

This way, the PropertyGid can automatically figure out all of the fields of the
ChartStyle, Axi sLimts, or GidStyl e through reflection, and display the property
name along with the property value on each line of the Pr opertyGri d.
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The Formil class is basically the same as it was in the previous example, with a few
modifications. We add a Property Setting menu that includes the Chart Style, Axes, and Grid. The
click event handlers for these three items will open the Propert yG i d window. Here is the
code listing of the For m class:

usi ng System

usi ng Syst em Conponent Model ;
usi ng System Dat a;

usi ng System Drawi ng;

usi ng Syst em W ndows. For ns;

namespace Exanpl e8 7

public partial class SetProperties : Form
{

private Fornil forni;

private ChartStyl e cs;

private AxisLinits al;

private QidStyle gs;

private string sProperty;

public SetProperties(Fornl fnl, ChartStyle chartStyle, string sproperty)

{

InitializeConponent();

fornml = fni;

sProperty = sproperty;

cs = chartStyle;

propertyQ@i dl. Sel ect edChj ect = cs;
}
public SetProperties(Fornl fml, AxisLimts axisLimts, string sproperty)
{

InitializeConponent();

forml = fni,;

sProperty = sproperty;

al = axisLimts;

propertyQidl. Sel ect edChj ect = al ;
}
public SetProperties(Fornl frml, QidStyle gridStyle, string sproperty)
{

InitializeConponent();

forml = fni;

sProperty = sproperty;

gs = gridstyl e;

propertyQi dl. Sel ect edChj ect = gs;
}

private void bt nGK Qi ck(object sender, EventArgs e€)
if (sProperty == "Chart Styl e")

Chart 3DSet tings();
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else if (sProperty == "AxisLimts")
{
AxisLimtSettings();
}
else if (sProperty == "QidStyle")

QidSettings();

}
forml. I nval i date();
}
private void Chart3DSettings()
{
forml. chart 3DL. C3Chart Styl e. | sCol orBar = cs. | sCol or Bar;
forml. chart 3D1. C3Label s. XLabel = cs. XLabel ;
forndl. chart 3D1. C3Label s. YLabel = cs. YLabel ;
forml. chart 3D1. C3Label s. ZLabel = cs. ZLabel ;
forndl. chart 3D1. C3Label s. Label Font = cs. Label Font ;
forndl. chart 3D1. C3Label s. Label Font Col or = cs. Label Font Col or;
forml. chart 3D1. C3Label s. Title = cs. Titl e
forndl. chart 3D1. C3Label s. Titl eFont = cs. Titl eFont;
forml. chart 3D1. C3Label s. Titl eCol or = ¢s. Titl eCol or;
}
private void AxisLimtSettings()
{
forndl. chart 3D1. C3Axes. XMax = al . XMax;
forml. chart 3D1. C3Axes. XM n = al . XM n;
forndl. chart 3D1. C3Axes. YMax = al . YMax;
forml. chart 3D1. C3Axes. YMn = al . YM n;
forml. chart 3D1. C3Axes. ZMax = al . ZMax;
forml. chart 3D1. C3Axes.ZMn = al . ZM n;
forml. chart 3D1. C3Axes. XTi ck = al . XTi ck;
forml. chart 3D1. C3Axes. YTi ck = al . YTi ck;
forml. chart 3D1. C3Axes. ZTi ck = al . ZTi ck;
}
private void QidSettings()
{
fornml.chart3DL. G3@id.1sX@id = gs.|sXQid;
forml.chart3DL. C3@id.IsY@id = gs.lsYQid;
forml.chart3DL. G3@id.1sZQid = gs.|sZQi d;
}

private void btnd ose_Qdick(object sender, EventArgs e)

this.dose();
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Figure 8-10 Chart style Properties of Chart3D control displayed in
PropertyGrid.

Press F5 to run and test the application. Open the text file text3d.txt created in the previous project
Example8 5. This produces output similar to Figure 8-9. Now click the Property Setting menu,
and select Chart Style item to open the Pr opert yG i d window, as shown in Figure 8-10. From
this window, you can set the chart style properties for the Chart3D control at runtime. After
changing the values of the properties, you click the OK button to make the changes take effect.
For instance, setting the | sCol or Bar property to true will generate a 3D chart with a color bar,
as shown in Figure 8-11.

Similarly, you can select Axes or Gri d from the Property Setting menu to open the
corresponding Pr oper t yG&r i d window, which allows you to set the properties of the axis limits
or the grid line style for the 3D chart control at runtime.

Here we introduced an approach to create runtime support for a 3D chart control and intentionally
separate the chart style, axis limits, and grid style properties into three different Pr opertyGri d
windows. In practical applications, you may want to arrange these properties differently according
to the requirements of your applications. You can easily create your own professional C# chart
applications with sophisticated runtime support using the methods explained in this chapter.
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Figure 8-11 A 3D chart with the color bar that is set at runtime.






Excel Charts in C#
Applications

In the previous chapters, we have shown how to create various graphics and charts, as well as
corresponding user controls, in C# applications. However, if you still believe it is too time-
consuming to create C# chart and graphics programs from scratch, then finding development
shortcuts can save valuable time. One way to achieve this goal is to take advantage of existing
products as opposed to developing everything from scratch. Microsoft Excel is one product you
should consider because it offers a wide selection of standard graphics and chart types, each with
several subtypes. Using Excel's built-in chart features directly in C# applications is a practical
development shortcut.

Microsoft Visual Studio .NET makes it possible for you to create rich Microsoft Excel-based
applications based on the C# framework. You can take advantage of all of the functionality
provided by Excel’s large object models in C# applications. In this chapter, we will represent the
chart types in Excel, and show you how to select and modify the built in chart-types and create the
stand-alone and embedded Excel charts in a C# project. We will also provide a variety of
examples that demonstrate how to create various Excel charts you can directly modify to fit your
real-world C# applications.

511
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Excel and C# Interoperability

In order for Excel to be used in C# applications, you have to resolve the issue of interoperation
between C# and Excel. Excel application can be regarded as a COM server, so the basis of
interoperation between C# and Excel applications is COM Interop. The .NET framework provides
good support for interaction with COM components. To use Excel COM components in a C#
project, you simply need to add this COM component to reference. This can be done by right
clicking the project in the Solution Explorer and selecting Add Reference. Click the COM tab and
select the appropriate type of Object library depending on the version of the Microsoft Office you
are using:

*  Office 97: Microsoft Excel 8.0 Object Library

*  Office 2000: Microsoft Excel 9.0 Object Library
*  Office XP: Microsoft Excel 10.0 Object Library

*  Office 2003: Microsoft Excel 11.0 Object Library

After this step, you should find that references have been added for the Office Core and Excel as
well.

Next, we will use a simple example to demonstrate how to involve Excel in a C# application. In
this example, we will create a Windows Form application with two buttons on For L. One button
is used to start Excel, and the other to quit Excel and close For miL. Clicking the Start Excel button
will launch Excel, add a new workbook to the collection of workbooks, get Active Sheet, and put
data into Excel cells.

Let’s start off with a new C# Windows application project called Example9 1. Put two Button
controls on Forml and set their Text properties to Start Excel and Close. In the Solution
Explorer, right-click and select Add Reference. Click the COM tab. For the Office XP that I am
using, I will select the Microsoft Excel 10.0 Object Library from the list.

Add a using statement for Excel:
usi ng Excel;

Add a private property field for the Excel Application:
Private Excel . Application;

And instantiate the Excel Application inside For mil’s constructor:

xla = new Excel . Appl i cation();

In the Start Excel button Click handler, make the Excel Application object x| a visible. Add a
workbook to the collection of workbooks and get the active worksheet:

Vor kbook wb = xI a. Wor kbooks. Add( x| sheet t ype. x| wor ksheet ) ;
VWr ksheet ws = (Wrksheet ) wb. Acti veSheet ;

Specify the cell Range A2, B2, and C2 and set their values to some arbitrary data:

Range rg = (Range)ws. Cel I s[2, 1];
rg.Val ue2 = "Cel | A2";

rg = (Range)ws. Cel I s[2, 2];
rg.Val ue2 = "Cel | B2";



Excel Charts in C# Applications 513

rg = (Range)ws. Cel I s[2, 3];
rg.Value2 = "Cel | 2";

In the Close button Click handler, add the following code snippet:

xl a. D splayA erts = fal se;
if (xla!l=null)
{
xla Qit();

xla = null;

}
this.dose();

When you quit Excel, you will get the usual prompt about saving your changes, which might be
hidden behind the main Excel window. In order to avoid receiving this message box, we have
inserted the following code snippet in the Close button handler:

xl a. D splayA erts = fal se;
For your reference, we present the complete code listing of the For il class here:

usi ng System
usi ng System W ndows. For ns;
usi ng Excel;

namespace Exanpl e9_1

{

public partial class Fornl : Form

{

private Excel . Application xla;

public Fornmi()

{
InitializeConponent();
xla = new Excel . Appl i cation();
}
private void btnStartExcel _dick(object sender, EventArgs e)
{
xla. Visible = true;
Wr kbook wb = xI a. Wr kbooks. Add( Xl Sheet Type. x| Vr ksheet ) ;
Wrksheet ws = (Wrksheet) x| a. Acti veSheet ;
Range rg = (Range)ws. Cel I s[ 2, 1];
rg. Val ue2 = "Cel | 2A";
rg = (Range)ws. Cel I s[2, 2];
rg. Val ue2 = "Cel | 2B';
rg = (Range)ws. Cel 1 s[2, 3];
rg. Value2 = "Cel | 2C';
}
private void btnQd ose_Qick(object sender, EventArgs e)
{

xl a. D splayA erts = fal se;
if (xla!=null)

xla. Qit();
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xla = null;

}
this.dose();

}

Press F5 to build and run the project. Click the Start Excel button to bring up the Excel
application, as shown in Figure 9-1.
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Figure 9-1 Excel started from the C# application.

Simple Excel Charts in C# Applications

Microsoft Excel has many types of charts, including bar charts, line charts, pie charts, 3D charts,
and so on. It supports almost all the basic chart types and even some esoteric chart types, such as
radar charts and stock charts. In this section, we will discuss the simple Excel chart types and
show you how to use these chart types in a C# application.

Excel Chart Object Model

When you try to create Excel charts in a C# application, you need to work with standard Excel
worksheets, because Excel charts are implicitly tied to the worksheets. One or more cells on
worksheets are used as the chart's data source. Therefore, you need to be familiar with Excel
objects as well as their related chart objects, which include the following:

*  Application: represents the entire Excel application.
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*  Workbook: a single Excel workbook that may contain one or more worksheets.

*  Worksheet: an individual Excel worksheet.

*  Range: arange of cells within a worksheet.

*  Chart: a single Excel chart. Its Char t Type property specifies the type of chart to be created.

*  Charts: a collection of Excel Sheet objects (the parent of both the Chart and Worksheet
objects) containing references to each of the charts contained in the active workbook. In
addition, it contains an Add method for adding a new chart to the workbook.

The Excel Chart object can have either of two different parent objects. The parent object of an
Excel chart on a Chart sheet is the Workbook object that contains the Chart sheet. The object
hierarchy is

Wor kbook
Chart

This Excel Chart model can be accessed using the following C# code snippet:

Excel . Application xla = new Excel . Application();
Wr kbook wb = xI a. Wr kbooks. Add( Xl Sheet Type. x| Vr ksheet ) ;
Chart xl Chart = wb. Charts. Add();

Here, we first create a new Excel application, add a Workbook to the collection of Workbooks,
then add Chart to the collections of Charts in the Workbook.

The parent object of an embedded chart is a Chart Obj ect object. The parent of a
Chart Cbj ect object is a Wr ksheet . The object hierarchy for an embedded chart is:

Wor kbook
VWr ksheet
Chart (oj ect
Chart

In this case, the corresponding C# code becomes:

Excel . Application xla = new Excel . Application();

Wr kbooks wb = xlI a. Wor kbooks. Add( Xl Sheet Type. xI Wr ksheet ) ;

VWr ksheet ws = (Wrksheet ) x| a. Acti veSheet ;

Chart (hj ects chart(hjs = (Chart (hj ect s)ws. Chart Cbj ect s(m ssing);
Chart hj ect charthj = chartjs. Add();

Here, we first create a new Excel application, add a workbook to the collection of workbooks, and
get the active worksheet. Then, we create a collection of Char t Obj ect s in the Worksheet, and
add the Char t Cbj ect to the collection of Char t Obj ect s.

An Excel Chart object can contain other objects too. Following is a partial object hierarchy for a
Chart object:

Chart
Chart Area
Pl ot Area
ChartTitle
Legend
Axes
SeriesCol |l ection
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These Chart objects can be accessed from a C# application. For example, the Chart Ar ea
object can be accessed through chart. Chart Area (for embedded Excel charts, use
chart Qoj ect. Chart. Chart Area), and so on.

These Chart objects, in turn, can contain other objects. Assume that you want to use C# code to
set the chart title of an Excel chart. The following code snippet does the job:

chart.ChartTitle. Text = "Excel Chart in G¢';

Creating Stand-Alone Excel Charts

An Excel chart can either be an embedded chart (contained in a chart object) or a separate chart
sheet (stand-alone chart).

In this subsection, we will use an example to show how to create a simple stand-alone Excel 2D
XY chart in a C# application. In this example, we will create a Windows Form application with
two buttons on the For miL. One button is used to plot the Excel chart, while the other is used to
quit Excel and close For nil.

Let’s start off with a new C# Windows application project called Example9 2. Place two Button
controls on the For ml and set their Text properties to Plot and Close. In the Solution Explorer,
right-click and select Add Reference. Click the COM tab and select the corresponding Microsoft
Excel Object Library from the list.

Add a using statement for Excel:
usi ng Excel ;
Create an Excel Application property field:
Private Excel . Application xla;
Initialize x| a inside For ml’s constructor:
Xl a = new Excel . Appli cation();
In the Plot button Click handler, add the following code snippet:

private void btnPl ot_Qick(object sender, EventArgs e)

{
xla.Visible = true;
VWr kbook wb = x| a. Wor kbooks. Add( Xl Sheet Type. xI Vr ksheet ) ;
Wr ksheet ws = (Wrksheet) xl a. Acti veSheet ;

/1 Oreate a stand-al one Excel chart:
Chart xl Chart = (Chart)wb. Charts. Add( Type. M ssing, ws,
Type. M ssi ng, Type. M ssing);

int nRows = 25;

int nColums = 3;

string upperLeftCell = "Al";

i nt endRowNunber = System | nt 32. Par se(upper Left Cel | . Substring(1))
+ nRows - 1,

char endCol unmLetter = System Convert. ToChar (
Convert. Tol nt 32(upperLeftCel 1 [0]) + nColums - 1);
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string upperR ghtCell = System String. Format ("{0}{1}",
endCol uimLetter, System | nt32. Parse(upperlLeftCell.Substring(1)));
string lowerR ghtCell = System String. Format ("{0}{1}",
endCol unmLet t er, endRowNunber) ;
Range rg = ws. get _Range(upperLeftCell,l owerR ghtCell);
rg. Val ue2 = AddbDat a( nRows, nCol unms) ;
x| Chart. Chart Type = X Chart Type. x| XYScat t er Li nes;
x| Chart. Set Sour ceDat a(r g, X RowCol . xI Col urms) ;

}

private doubl e[,] AddData(int nRows, int nCol ums)

doubl e[ ,] dataArray = new doubl e[ nRows, nCol unns];

for (int i =0; i <nRows; i++)

{
double x =i / 3.0;
dataArray[i, 0] = x;
dataArray[i, 1] = Math. S n(x);
dataArray[i, 2] = Math. Cos(x);

return dataArray;
}

In this Plot button handler event, we first make the Excel Application object x| a visible, then
create the Workbook and Worksheet that are used to hold the chart. Next, we create a new Excel
chart on the Worksheet Ws by calling the Add method of the Charts collection:

Chart xl Chart = (Chart)wh. Charts. Add( Type. M ssing, ws,
Type. M ssi ng, Type. M ssing);

In the above code snippet, Type. M ssi ng is used. This is because the above Excel method
requires multiple optional parameters that describe the behavior of the Excel chart you are
creating. In C#, you can only pass the Type. M ssi ng value for parameters that accept reference
types. However, for value-type parameters, you need to determine the actual default value and
pass that value instead.

The following code is used to populate the Excel worksheet with a 2D data array that is generated
by the AddDat a method. We specify the number of Rows and Columns of the data, as well as
which cell is in the upper left. We then determine the corresponding bottom right cell using this
information.

Next, we use parameters of the upper Left Cel | and bottonRi ght Cel | to set the Cell
Range of the data and assign the data array to this Cell Range, as shown in the code snippet:

Range rg = ws. get _Range(upperLeftCell, |l owerR ght Cell);
rg. Val ue2 = AddbDat a( nRows, nCol unns) ;

Finally, we set the chart type and the data source:

x| Chart. Chart Type = X Chart Type. xI XYScatt er Li nes;
x| Chart . Set Sour ceDat a(r g, X RowCol . xI Col umms) ;

If you press F5 to run the program, you will obtain an Excel worksheet that holds the plotted data,
and a separate (stand-alone) Excel chart, as shown in Figure 9-2.



518 Practical C# Charts and Graphics

Ed Microsoft Excel - Sheet1 E”E ”z_( |

@ Fil=  Edit Miew Insert  Format  Tools  Chart  window  Help -5 =

DEEd & B @&- @lee @2 82
e f

Sin(E) and Cor[E) wr X

]
v

/
N

M 4 » M Chartl { Sheetl / |« |+
Draw~ [  AutoShapes= . "a [ OO 4[ Sl o & - W
Ready

Figure 9-2 Stand-alone Excel chart created from a C# application. The
chart is separated from the sheet1 that holds the plot data.

After creating an Excel chart, you can easily customize it. The following code snippet is used to
customize the AXxes property:

// Qustom ze axes:

Axis xAxis = (Axis)xl Chart. Axes(X Axi sType. x| Cat egory,
X Axi sG oup. xI Prinmary);

XAxi s. HasMgj or Qi dlines = true;

XAXi s. Maxi nuntcal e = 8;

xAXi s. HasTitl e = true;

XAxis. AxisTitle Text = "X Axis";

Axis yAxis = (Axis)xl Chart. Axes( X Axi sType. xl Val ue, X Axi s@G oup. x| Prinary);
yAXi s. HasMaj or Qi dli nes = true;

yAXi s. rossesAt = -1.5;

yAXi s. HasTitl e = true;

yAXis. AXisTitle Text = "Y Axis";
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Please note that the X and Y axes are specified by Xl Axi sType. x| Cat egory and
Xl Axi sType. xI Val ue respectively. We turn on the major grid lines and assign axis labels for
both axes. We also shift the X axis from the default location (crosses at Y = 0) to the minimum Y
value of -1.5 with the code snippet:

yAXi s. 0 ossesAt = -1.5;

It is also easy to add a title to your chart:

/1 Add title:
Xl Chart. HasTitle = true;
xlChart. ChartTitle. Text = "Sin(X) and Cos(X) vs. X';

The following code listing is used to customize the legend:

/1 Qustom ze | egend:

x| Chart. HasLegend = true;

x| Chart. Legend. Posi ti on = X LegendPosi ti on. x| LegendPosi ti onCor ner ;
x| Chart. Legend. Shadow = tr ue;

x| Chart. Legend. I nterior. Col orl ndex = 20;

There are many other chart properties that can easily be modified for Excel charts. We will leave
the rest for you to practice using the current C# project Exanpl e9_2 as a basis.

Creating Embedded Excel Charts

As the name implies, embedded Excel charts are created as part of the worksheet instead of a
separate chart. In this section, we will present an example that uses the Chart Wizard to generate
an embedded Excel chart in a C# application.

Start off with a new C# project called Example9 3. Add the existing For ml class from the
previous example to the current application and change its namespace to Example9 3. Add the
Microsoft Excel Object Library to the reference.

Creating an embedded Excel chart in a C# application is very simple. Just change the code snippet
within the Plot button click handler of the previous project

/1l Oreate a stand-al one Excel chart:
Chart xl Chart = (Chart)wb. Charts. Add( Type. M ssing, ws,
Type. M ssing, Type. M ssing);

to the following

/1 Now create the chart.

Chart (hj ects charthjs = (Chart (hj ect s)ws. Chart Cbj ect s( Type. M ssi ng) ;
Chart (hj ect chartCbj = chart(js. Add(20, 20, 400, 300);

Chart xl Chart = chart(oj. Chart;

Here, we add a chart object char t Qbj to the collection of Chart Qbj ect s, in which we define
the location and size of the chart in the active worksheet. This project produces the results of
Figure 9-3.
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Figure 9-3 Embedded Excel chart created from a C# application.

More Excel Charts

In the previous section, we showed you how to create stand-alone and embedded Excel XY scatter
line charts in a C# application. In fact, the Excel chart object model contains many more chart
types, including area charts, bar charts, column charts, line charts, pie charts, doughnut charts,
radar charts, surface charts, bubble charts, stock charts, and so on. Each chart type, in turn,
contains a different number of subtypes.

When you use the Excel Chart Wizard to create a chart, the first step is to select the type of chart.
The Chart Wizard dialog box contains two tabs: Standard Types and Custom Types. Selecting an
item from the Chart type list box displays a number of subtypes for the chart type. These rich
Excel chart types can also be accessed from a C# application. In the following subsections, we
will explore some commonly used Excel charts and show you how to create them in a C#
application.
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Column and Bar Charts

Excel column (also called vertical) bar charts are one of the most common chart types. A column
chart displays each data point as a vertical column with the bar height corresponding to the value.
The value scale is shown on the vertical axis. You can specify any number of data series, and the
corresponding data points from each series can be stacked on top of each other. Usually, each data
series is plotted in a different color or pattern. A horizontal bar chart is basically a column chart
that is rotated 90 degrees clockwise.

Let’s start off with a new C# Windows application called Example9 4. Add the Microsoft Excel
Object Library to the reference and implement the following code listing to the For il class:

usi ng System
usi ng Syst em W ndows. For ns;
usi ng Excel;

namespace Exanpl e9_4

public partial class Fornl : Form

{

private Excel . Application xla;
public Forni()

I'nitializeConponent();
xla = new Excel . Appl i cation();

}

private void btnPlot_Qick(object sender, EventArgs e)

{
xla.Visible = true;
Wr kbook wb = xI a. Wr kbooks. Add( Xl Sheet Type. x| Vr ksheet ) ;
Wr ksheet ws = (Wrksheet) x| a. Acti veSheet ;

/1 Now create the chart.
Chart oj ects charthjs =

(Chart oj ect s) ws. Chart (hj ect s( Type. M ssi ng) ;
Chart (hj ect chartChj = chart(js. Add(100, 20, 300, 200);
Chart xl Chart = chart@j. Chart;

int nRows = 6;
int nColums = 3;
string upperLeftCell = "A2";
i nt endRowNunber =
System | nt 32. Par se(upper Left Cel | . Substring(1))
+ nRows - 1;
char endCol umLetter = System Convert. ToChar (
Convert. Tol nt 32( upperLeft Cel 1 [0]) + nColumns - 1);
string upperR ghtCell = System String. Format ("{0}{1}",
endCol umlLet ter,
Syst em | nt 32. Par se(upper Left Cel | . Substring(1)));
string lowerR ghtCell = System String. Fornmat ("{0}{1}",
endCol uimLetter, endRowNunber);
Range rg = ws. get _Range(upperLeftCell,l owerR ght Cell);
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}

private doubl e[,] AddData(int nRows,

{

}

private void btnd ose_Qick(object sender,

{

rg. Val ue2 = Addbat a( nRows, nCol unns) ;

ws. Cells[1, 1] = "Year";

ws. Cells[1, 2] = "Revenue";

ws. Cells[1, 3] ="Profit";

Range rgn = ws. get_Range("Al", "Cr");

x| Chart. Chart Wzard(rgn. Qurrent Regi on, Const ants. x| Gol unm,
Type. Mssing, Type.Mssing, 1, 1,
true, "Revenue & Profit",
Type. M ssing, Type.Mssing, Type.Mssing);

Axis xAxis = (Axis)xl Chart. Axes(X Axi sType. x| Cat egory,
X Axi sG oup. xI Prinary);

xAxis. HasTitl e = true;

XAXis. AXisTitle. Text = "Year";

Axis yAxis = (Axis)xl Chart. Axes(X Axi sType. xI Val ue,
X Axi sGoup. xl Primary);

yAXis. HasTitl e = true;

yAXis. AxisTitle. Text = "Dollars (M";

i nt nCol ums)

doubl e[,] dataArray = new doubl e[ nRows,
dataArray[0, 0] = 2001;

nCol unms] ;

dataArray[1, 2]
dataArray[ 2, 2]
dataArray[ 3, 2]

dataArray[1, 0] = 2002;
dataArray[2, 0] = 2003;
dataArray[3, 0] = 2004;
dataArray[4, 0] = 2005;
dataArray[5, 0] = 2006;
dataArray[0, 1] = 5;
dataArray[ 1, 1] = 11;
dataArray[2, 1] = 7;
dataArray[3, 1] = 14;
dataArray[4, 1] = 16;
dataArray[5, 1] = 18;
dataArray[0, 2] = 1.8;

dataArray[ 4, 2]
dataArray[ 5, 2]
return dataArray;

xl a. D splayAl erts
if (xla!=null)
{

xla. Qit();

xla = null;

Event Args e)

= fal se;
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}
this.dose();

}

The above code is very similar to the code used in the previous project, Example9 3. Here we
create data that represents a company’s annual revenue and profit. In creating the Excel column
chart, we use the Chart W zar d:

x| Chart. Chart Wzar d(rgn. Qurrent Regi on, Const ants. x| Gol unm,
Type. M ssing, Type.Mssing, 1, 1,
true, "Revenue & Profit",
Type. M ssing, Type.Mssing, Type.M ssing);

The ChartWizard method is defined as the following:

public void ChartWzard (
[Optional Attribute] Cbject Source,
[Optional Attribute] Chject Gallery,
[Ootional Attribute] Cbject Fornat,
[Optional Attribute] Cbject H ot By,
[Qotional Attribute] Cbject Categorylabel s,
[Optional Attribute] Chject SerieslLabels,
[Qotional Attribute] Cbject HasLegend,
[Optional Attribute] Chject Title,
[Qptional Attribute] Chject CategoryTitle,
[Ootional Attribute] Cbject ValueTitle,
[Qptional Attribute] Chject ExtraTitle

)

You can use this method to modify the properties of Excel charts and format the charts without
setting all of the individual properties. Here, we specify five parameters of this method. First we
defined the source that contains the data range for the Excel chart. We also specified the Gallery
that represents the chart type. The Cat egor yLabel s and Ser i esLabel s specify the number
of rows or columns that are used as labels. The first row and the first column are used as labels for
the series and category, respectively. Finally, we defined the chart title with the Title parameter.

The output of this project is shown in Figure 9-4.

A horizontal bar chart can be generated using the same code except for a change in the chart type:

x| Chart. Chart Wzard(rgn. Qurrent Regi on, Constants. x| Bar,
Type. Mssing, Type.Mssing, 1, 1,
true, "Revenue & Profit",
Type. M ssing, Type.Mssing, Type.Mssing);

Here the chart type has been changed from x| Col uim to x| Bar . Now if you run the project,
you will get a horizontal bar chart.
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Figure 9-4 The Excel column chart compares a company’s revenue and
profit.
Pie Charts

Pie charts are useful when you want to represent relative proportions or contributions to a whole.
Please note that a pie chart can use only one data series, and that the data values used in the pie
chart must all be positive. Pie charts are most effective with a small number of data points.

We will use an example to show how to create an Excel pie chart in a C# application. This
application is similar to the previous project. Start off with a new C# Windows Form project
called Example9 5 and add the Excel reference to the project. The following is the code listing of
the For m class:

usi ng System
usi ng System W ndows. For ns;
usi ng Excel ;

nanespace Exanpl e9 5

{
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public partial class Fornl : Form

{

private Excel . Application xla;

public Formi()
{

}

InitializeConponent();
xl'a = new Excel . Appli cation();

private object mssing = Mssing. Val ue;

private void btnPlot_Qick(object sender, EventArgs e)

{

}

xla.Visible = true;
Wr kbook wb = xI a. Wr kbooks. Add( Xl Sheet Type. x| Vr ksheet) ;
Wrksheet ws = (Wrksheet) x| a. Acti veSheet ;

/1 Now create the chart.
Chart (hj ects chart(hjs =

(Chart oj ect s) ws. Chart (hj ect s( Type. M ssi ng) ;
Chart (hj ect chartChj = chart(ojs. Add(100, 20, 300, 200);
Chart xl Chart = chartQj. Chart;

ws. Cell's[1, 1] = "Soc. Sec. Tax";
ws. CelI's[2, 1] = "Income Tax";
ws. CelI's[3, 1] = "Brorrow ng";
ws. CelI's[4, 1] = "Corp. Tax";

ws. CelI's[5, 1] = "Msc.";

ws. CelI's[1, 2] = 30;

ws. CelIs[2, 2] = 36;

ws. Cel Is[3, 2] = 19;

ws. Cell s[4, 2] =5;

ws. Cel I s[5, 2] = 10;

Range rg = ws. get _Range("Al", "B5");

xI Chart. Chart Type = X Chart Type. x| Pi e;
x| Chart . Set Sour ceDat a(r g, Type. M ssi ng) ;

private void btnd ose_Qdick(object sender, EventArgs e)

{

xla.DsplayA erts = fal se;
if (xla!=null)

xla. Qit();

xla = null;

}
this.dose();
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Figure 9-5 Excel pie chart created in a C# application.

Here, we create two columns of data that reside in the range A1:B5 of the Excel worksheet, and
set this to the source data. Then we specify the chart type as an Excel pie chart:

xI Chart. Chart Type = X Chart Type. x| Pi e;
x| Chart. Set Sour ceDat a(r g, Type. M ssi ng) ;

There are several subtypes of the pie charts that you can use in your application:

e xIPie: creates a standard pie chart.

* xI3DPie: creates a pie chart with the appearance of perspective.

* xIPieOfPie: creates a pie chart with one slice broken into another pie chart.
* xIPieExploded: creates a pie chart with one or more slices exploded.

* xI3DPieExploded: creates a pie chart with the appearance of perspective, with one or more
slices exploded.
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* xIBarOfPie: creates a pie chart with one slice broken into a column.

You can create different type of pie charts easily using the current application by specifying the
corresponding chart type.

Running the current project creates the standard Excel pie chart, as shown in Figure 9-5.

Area Charts

Area charts can be regarded as line charts in which the area below the line is colored. An area
chart allows the user to generate a filled area plot from data in the Excel worksheet. There are six
subtypes of area charts:

*  xlArea: creates a standard area chart.

* xlAreaStacked: createsan area chart with stacked data series.

* xlAreaStacked100: creates an area chart represented as percentage.
*  xI3DArea: creates a 3D area chart.

* xI3DAreaStacked: creates a 3D area chart with stacked data series.

* xI3DAreaStacked100: creates a 3D area chart expressed as percentage.

Based on Example9 5, we can create a stacked area chart by changing the For mil class with the
following code:

usi ng System
usi ng System W ndows. For ns;
usi ng Excel ;

namespace Exanpl e9_5

{

public partial class Fornl : Form

{

private Excel . Application xla;

public Formi()

{
InitializeConponent();

xl a = new Excel . Appl i cation();

}
private object mssing = Mssing. Val ue;

private void btnP ot_Qick(object sender, EventArgs e)

{
xla.Visible = true;
Wor kbook wb = xI a. Wr kbooks. Add( Xl Sheet Type. x| Vr ksheet) ;
Wr ksheet ws = (Wrksheet) x| a. Acti veSheet ;

/1 Now create the chart.
Chart (hj ects chart(hjs =

(Chart oj ect s)ws. Chart (bj ect s( Type. M ssing);
Chart (hj ect charthj = chart(ojs. Add(100, 20, 300, 200);
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Figure 9-6 Excel area chart created in a C# application.

Chart xl Chart = chartQj. Chart;

ws. Cells[1, 1] = 2;
ws. Cel Is[2, 1] = 4
ws. CelIs[3, 1] =2.3;
ws. Cell s[4, 1] = 5;
ws. CelI's[5, 1] = 6.5;
ws. Cells[6, 1] = 3.5;
ws. Cells[1, 2] =1;
ws. Cells[2, 2] =3;
ws. Cells[3, 2] =1.3;
ws. Cell s[4, 2] = 4;
ws. CelI's[5, 2] =5.5;
ws. Cells[6, 2] =2.5;
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Range rg = ws. get _Range("Al", "B6");

x| Chart. Chart Type = X Chart Type. x| Ar eaSt acked;
x| Chart. Set SourcebDat a(rg, Type. M ssing);

}
private void btnd ose_Qdick(object sender, EventArgs e)
{
xl a. D splayAl erts = fal se;
if (xla!=null)
xla Qit();
xla = null;
b
this.dose();
}

}
This project produces Figure 9-6.

Doughnut Charts

A doughnut chart is similar to a pie chart, with two exceptions: it has a hole in the middle and can
have more than one series of data. Excel has two subtypes of doughnut charts: one is the standard
doughnut chart (x| Doughnut), and the other is the exploded doughnut -chart
(x| Doughnut Expl oded) with all slices exploded. We can use the previous project,
Example9 5, and the same data to create a doughnut chart by changing one line of the code
snippet. Namely, just change

Xl Chart. Chart Type = X Chart Type. x| AreaSt acked,;
to

x| Chart. Chart Type = X Chart Type. x| Doughnut ;
Running the project generates the output of Figure 9-7.

Radar Charts

An Excel radar chart has a separate axis for each category, and axes extend outward from the
center of the chart. The data values used in creating a radar chart must be positive. The value of
each data point is plotted on the corresponding axis.

Again, we can use the previous project, Example9 5, and the same data to create a radar chart by
replacing the corresponding code snippet with the following:

x| Chart. Chart Type = X Chart Type. x| Radar Fi | | ed;
x| Chart. Set SourcebDat a(rg, Type. M ssing);
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Figure 9-7 Excel doughnut chart created in a C# application.

x| Chart.PlotArea.Interior.Col orl ndex = 2;
x| Chart. Pl ot Area. Border. Col or | ndex = 2;

This project produces the output shown in Figure 9-8.

This radar chart displays two data series across six categories. There are three subtypes of the
radar charts: standard radar charts (x| Radar), radar charts with data markers
(x| Radar Mar ker s), and filled radar charts (x| Radar Fi | | ed).
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Figure 9-8 Filled radar chart created in a C# application.

Stock Charts

Stock charts are used to display stock market information. Excel supports four different subtypes
of stock charts:

e x| St ockHLC: displays a stock’s high, low, and closing prices.

e x| St ockOHLC: displays a stock’s opening, high, low, and closing prices.

* Xl St ockVHLC: displays a stock’s volume and its high, low, and closing prices.

o Xl St ockVOHLC: displays a stock’s volume and its opening, high, low, and closing prices.
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The example project Example9 6 shows the IBM stock’s opening, high, low, and closing prices.
Here is the code listing of the For mil class:

usi ng System

usi ng System W ndows. For ns;
usi ng System Refl ecti on;
using Systeml|Q

usi ng Excel ;

namespace Exanpl e9_6

{

public partial class Fornl : Form
{
private Excel . Application xla;
private object mssing = Mssing. Val ue;

public Formi()

InitializeConponent();
xla = new Excel . Appl i cation();

}

private void btnPlot_Qick(object sender, EventArgs e)
xla.Visible = true;

/1 Load |BMstock data to Excel worksheet:
string filePath =
Drectory. GetQurrentDirectory(). ToString();
string fileNane = filePath + "\\IBMtxt";
x| a. Wr kbooks. (penText (fil eNane, missing, 1, nissing,
X Text Qual i fier. x| TextQualifierNone, mssing, mssing,
mssing, true, mssing, mssing, mssing, nssing,
m ssing, mssing, mssing, mssing, mssing);

/1 Now create the stock chart.
Wr ksheet ws = (Wrksheet ) xl a. Acti veSheet ;
Chart hj ects chart(hjs =
(Chart oj ect s) ws. Chart (hj ect s( Type. M ssi ng) ;
Chart (hj ect charthj = chart(js. Add(100, 20, 300, 300);
Chart xl Chart = chart@j. Chart;

Range rg = ws. get _Range("Al", "E20");
x| Chart. Set SourcebDat a(rg, X RowCol . x| Col ums) ;
x| Chart. Chart Type = X Chart Type. x| St ockCHL.GC,

// Qustom ze axes:

Axis xAxis = (Axis)xl Chart. Axes(X Axi sType. xI Cat egory,
X Axi sG oup. xI Prinmary);

xAxi s. HasMgj or Qi dlines = true;

xAxis. HasTitl e = true;

XAxis. AXisTitle Text = "Tine";

Axis yAxis = (Axis)xl Chart. Axes(X Axi sType. xI Val ue,
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X Axi sGoup. xI Primary);
yAXi s. HasMaj or @i dli nes = true;
yAXi s. rossesAt = -1.5;
yAXis. HasTitl e = true;
YAXis. AxisTitle Text = "Stock Price ($)";

/] Add title:
x|l Chart. HasTitle = true;
Xl Chart.ChartTitle. Text = "I BM Stock Price";

/1 Change default background col or:
x| Chart.PlotArea. I nterior.Col orlndex = 2;

/1 Rermove | egend:
x|l Chart. HasLegend = fal se;

}
private void btnd ose_Qdick(object sender, EventArgs e)
{
xl a. D splayA erts = fal se;
if (xla!l=null)
{
xla Qit();
xla = null;
}
this.dose();
}

}

In this class, we first programmatically open the stock text file that is stored in the application
directory (~\Examples\Example9 6\Example9 6\bin\Debug\IMB.txt) using the following code

snippet:

x| a. Wor kbooks. penText (fil eNane, missing, 1, nssing,
X Text Qual i fier.xl TextQualifierNone, mssing, mssing,
m ssing, true, missing, nmssing, mssing, mssing,
m ssing, mssing, missing, nissing, mssing);

The OpenText method is a very useful method that loads and parses the text file to Excel as a

new workbook with a single sheet. Its syntax is defined by:

voi d penText (
[I'n] string Filenane,
[In, Optional] object Cigin,
[I'n, Optional] object StartRow
[In, Optional] object DataType,
[In, Optional] X TextQualifier TextQualifier,
[In, Optional] object ConsecutiveDelinter,
[In, Optional] object Tab,
[In, Optional] object Senicol on,
[In, Optional] object Comra,
[In, Optional] object Space,
[In, Optional] object Cher,
[In, Optional] object G herChar,
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[In, Optional] object Field nfo,

[In, Optional] object TextV sual Layout,
[In, Optional] object Decimal Separator,
[I'n, Optional] object ThousandsSepar at or,
[In, Optional] object TrailingM nusNunbers,
[I'n, Optional] object Local
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Figure 9-9 Excel stock chart created in a C# application.

In this method, there are many parameters that can be specified, including delimiters. Most of
these parameters are optional objects that can be set to default values using the Type. M ssi ng
word. However, you have to specify the fifth parameter, XI Text Qual i fi er, specifically
because it cannot be set to Type. M ssi ng word since it is not an object.

We can then use the text data imported to the Excel sheet to create the stock chart. The output of
the current application is shown in Figure 9-9.

Surface Charts

Excel surface charts display multiple-series data on a surface using the category axis, value axis,
and a third axis that displays the series name. Surface charts are used to show the optimum
combination of category and series data.
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Let’s use an example project, Example9 7, to see how we create an Excel surface chart in a C#
application. The code listing of the For mi class is listed here for your reference:

usi ng System
usi ng System W ndows. For ns;

usi ng Excel ;

namespace Exanpl e9_7

{

public partial class Fornl : Form

{

private Excel . Application xla;

public Formi()
{

}

InitializeConponent();
xl a = new Excel . Appl i cation();

private void btnPlot_Qick(object sender, EventArgs e)

{

xla.Visible = true;
Wr kbook wb = xI a. Wr kbooks. Add( Xl Sheet Type. x| Vr ksheet) ;
Wr ksheet ws = (Wrksheet) x| a. Acti veSheet ;

/1 Now create the chart.
Chart (hj ects chart(hjs =

(Chart (oj ect s)ws. Chart (bj ect s( Type. M ssing);
Chart (hj ect charthj = chart(ojs. Add(100, 20, 300, 300);
Chart xl Chart = chart(oj. Chart;

int nRows = 25;
int nColums = 25;
string upperLeftCell = "B3";
int endRowNunber =
System | nt 32. Par se(upper Left Cel | . Substring(1))
+ nRows - 1;
char endCol utmLetter = System Convert. ToChar (
Convert. Tol nt 32(upper Left Cel I [0]) + nColums - 1);
string upperR ghtCell = System String. Format ("{0}{1}",
endCol umLetter,
System | nt 32. Par se(upper Left Cel | . Substring(1)));
string lowerR ghtCell = System String. Format ("{0}{1}",
endCol umLet t er, endRowNunber);

/1 Send single dinensional array to Excel:
Range rgl = ws. get_Range("B2", "Z2");
doubl e[] xarray = new doubl e[ nCol ums] ;
ws. Cel Is[1, 1] = "Data for surface chart";
for (int i =0; i < xarray.Length; i++)
{

xarray[i] = -3.0f +i * 0.25f;

ws. Cel I's[i + 3, 1] = xarray[i];

ws.Cells[2, 2 +i] = xarray[il];
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}

}

Range rg = ws. get _Range(upperLeftCell, lowerRghtCell);
rg. Val ue2 = AddbDat a( nRows, nCol unms) ;

Range chart Range = ws. get _Range("A2", lowerR ghtCell);
x| Chart . Set Sour ceDat a( chart Range, m ssi ng);
xI Chart. Chart Type = X Chart Type. x| Sur f ace;

/1 Qustom ze axes:

Axis xAxis = (Axis)xl Chart. Axes(X Axi sType. x| Cat egory,
X Axi sG oup. xI Prinary);

XAXi s. HasTitl e = true;

XAxis. AxisTitle. Text = "X Axis";

Axis yAxis = (Axis)xl Chart. Axes(X Axi sType. x| Seri esAxi s,
X Axi sG oup. xI Prinmary);

yAxis. HasTitl e = true;

yAXis. AXisTitle Text = "Y Axis";

Axis zAxis = (AXis)xl Chart. Axes(X Axi sType. x| Val ue,
X Axi sG oup. x| Prinmary);

zAxis. HasTitl e = true;

ZAXis. AXisTitle. Text = "Z AXis";

/] Add title:
x|l Chart. HasTitle = true;
x| Chart.ChartTitle. Text = "Peak Function";

/1 Renove | egend:
x| Chart . HasLegend = fal se;

private doubl e[,] AddData(int nRows, int nCol ums)

{

doubl e[,] dataArray = new doubl e[ nRows, nCol unns] ;
doubl e[] xarray = new doubl e[ nCol ums] ;
for (int i =0; i < xarray.Length; i++)

xarray[i] = -3.0f +i * 0.25f;

doubl e[] yarray = xarray;

for (int i =0; i < dataArray. GetLength(0); i++)
for (int j =0; j < dataArray.GetlLength(1); j++)
{

dataArray[i, j] =3 * Math.Pow((1 - xarray[i]), 2)
* Math. Exp(-xarray[i] * xarray[i] -
(yarray[j] +1) * (yarray[j] + 1)) -
10 * (0.2 * xarray[i] - Math.Powxarray[i], 3)
- Math. Pow(yarray[j], 5)) *
Mat h. Exp(-xarray[i] * xarray[i] - yarray[j] *
yarray[j]) - 1/ 3 * Math. Exp(-(xarray[i]
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+ 1) * (xarray[i] + 1) -
yarray[j] * yarray[j]);

}
}
return dataArray;
}
private void btnd ose_Qdick(object sender, EventArgs e)
{
xla.DsplayA erts = fal se;
if (xla!=null)
xla Qit();
xla = null;
b
this.dose();
}

}

In this class, we first create data using a 1D and 2D array and assign them to the Excel worksheet.
This data must be structured in a certain format. The categories (used as the X axis) are in the first
column. The second row represents the series names (used as the Y axis). Finally, the data values
are formed by a 2D data array.

As long as the data is assigned to the Excel worksheet, you can create a surface chart by selecting
the surface chart type:

Xl Chart. Chart Type = X Chart Type. x| Sur f ace;

The rest of the code in the For mil class is used to customize the axes, add axis labels and a title,
and remove the legend from the chart.

This project produces the output of Figure 9-10. It can be seen that the chart is created by ranges
of data values, which is evident by the fact that the colors vary with the values along the vertical
(the Z) axis. The number of colors on the surface chart is based on the major unit of the Z axis.

The Excel surface chart has four subtypes:

o x| Surf ace: displays a standard surface chart.

* x| SurfaceW reFrane: displays a surface chart without colors.

» x| SurfaceTopVi ew: displaysthe a surface chart viewed from above.

x| SurfaceTopVi ewW r eFr ane: displays a surface chart without colors, viewed from
above.

You can select a different subtype of surface chart from the above four options according to your
application requirements.

I should point out here that Excel surface charts have some limits: they are not true X-Y-Z charts.
X and Y are not treated as numeric data, and must consist of regularly defined, evenly spaced
categories. Exactly one Z value is needed for each X-Y pair. Excel surface charts are drawn by
connecting Z values at X-Y nodes with straight lines and planar sections. A saddle point is not
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accurately drawn if it occurs between the X-Y nodes. Color-filled surface charts in Excel do not
allow transparency, meaning that you can not visualize the hidden parts of the surface.
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Figure 9-10 Excel surface chart created in a C# application.
Color Map

When creating Excel surface charts in the previous subsection, we used the default color map. In
some situations, you may want to use a customized color map for your Excel charts, which can be
achieved by using the Excel color indices. Excel displays 56 color indices at any given time. You
can use the following C# code snippet to extract Excel 56 default color indices:
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E3 Microsoft Excel - Sheet1 |Z||E|[E|
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Figure 9-11 Default Excel colors with color indices.

for (int i =0; i <14; i++)
{
string cell String = "A" + (i + 1).ToString();
ws. get _Range(cel | String, cell String).Interior.Col orlndex
ws. get _Range(cel | String, cell String).Value2 =i + 1;
cell String = "B" + (i + 1).ToString();
ws. get _Range(cel | String,
cellString).Interior.Colorindex = 14 + i + 1;
ws. get _Range(cel | String, cell String).Value2 = 14 +i + 1;
cell String ="C" + (i + 1).ToString();
ws. get _Range(cel | String,
cel IString).Interior.Colorlndex =2 * 14 +i + 1;
ws. get _Range(cel | String, cell String).Value2 =2 * 14 +i + 1;
cel IString ="D' + (i + 1).ToString();
ws. get _Range(cel | String,
cel |String).Interior.Colorlndex =3 * 14 +i + 1;
ws. get _Range(cel | String, cell String).Value2 = 3 * 14 +i + 1;

I}
+
[En
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This generates Excel’s 56 default colors with corresponding color indices, as shown in Figure
9-11.

After understanding the definition of the Excel color indices, we can easily create a customized
color map. Let’s use an example to demonstrate how to create such a customized Excel color map
and apply it to a surface chart.

This example is based on the previous project, Example9 7. Start off with new C# Windows
application called Example9 8. Add the Excel Object Library to the reference. Add the For mlL
class of Example9 7 to the current application, and change the corresponding namespace to
Example9 8. Add a new class named Col or Map to the project. In the Col or Map class, define a
color map using Excel color indices with the following code:

usi ng System
nanespace Exanpl e9_8
{
public class Col or Vap
public static int[] col or Map()
{
int[] colorArray = new int[16];
colorArray[0] = 5;
colorArray[1] = 8;
colorArray[2] = 4
colorArray[3] = 6;
col or Array[ 4] = 44;
col or Array[ 5] = 46;
colorArray[6] = 3;
colorArray[7] = 29;
colorArray[ 8] = 4,
colorArray[9] = 6;
col or Array[ 10] = 36;
col or Array[ 11] = 40;
colorArray[ 12] = 44;
col or Array[ 13] = 45;
col or Array[ 14] = 46;
col or Array[ 15] = 53;
return col or Array;
}
}
}

In this class, we define a static integer array that holds the Excel color indices. You can define
your own color map array in the same manner. The problem now is how to assign this color map
to the Excel charts. The trick is to use the Excel’s LegendEnt r y objects. In the Plot button click
event handler, add the axis scale parameters to the Z axis:

Axis zAxis = (Axis)xl Chart. Axes(X Axi sType. x| Val ue,
X Axi sG oup. xI Prinmary);

zZAXi s. HasTitl e = true;

ZAXis. AxisTitle Text = "Z Axis";

zZAXi s. M ni nuntcal e = -8§;
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Figure 9-12 Surface chart colored with a customized color map.

zAXi s. Maxi munBcal e = 8;
ZAXis.Majorlhnit = 1,

Then, add the following code snippet to assign the color map to the LegendEnt ry:

x| Chart. HasLegend = true;

int[] cm= Col or Map. col or Map() ;

i nt nunmber & LegendEntri es = Convert. Tol nt 16( (zAxi s. Maxi nunscal e
- zAXis.MninunScale) / zAxis.Majorlnit);

for (int i =1; i <= nunberf LegendEntries; i++)

{

LegendEntry | egendEntry =

(LegendEntry) x|l Chart . Legend. LegendEnt ri es(i);

| egendEnt ry. LegendKey. I nterior. Col orl ndex = cnfi . 1];
}

/1 Renove the | egend, and reset the size of the plot area:
x| Chart . HasLegend = fal se;

x| Chart. Pl ot Area. Wdt h = 300;
x| Chart. Pl ot Area. Hei ght = 300;

Here, we first use the Z axis scale and major unit to calculate the number of legend entries, which
determines the number of colors used in the color map. Then we assign the color from the color
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map to the LegendKey of each LegendEntry of the Excel chart. Finally, we remove the
legend from the chart and reset the size of the chart’s Pl ot Ar ea.

This application produces the output of Figure 9-12. It is evident that the new customized color
map is used in the Excel surface chart.

Integrating Excel Charts into Windows Forms

In the previous sections, we demonstrated how to create both stand-alone and embedded Excel
charts in C# applications. This is very useful and powerful. However, you might notice that your
Excel application is separated from your C# Windows Form. Namely, the Excel charts and C#
project are two separate applications. In some cases, you may want to integrate the Excel
application and Excel charts into your C# application and handle the Excel objects just like the
usual custom controls.

There are two approaches to achieve this integration. One approach is based on the Windows
Win32 API, and the other method is using the WebBr owser control. Here, we will discuss the
second approach that uses WebBr owser control as a host for the Excel applications and Excel
charts.

Stand-Alone Excel Charts on Windows Forms

We will use an example to demonstrate how to create a stand-alone Excel chart directly on a
Windows Form. This example is based on the previous application, Example9 7, which plots a
surface chart for a peak function

Let’s start off with a new C# Windows application project called Example9 9. Add the For mlL
class from Example9 7 and change its corresponding namespace to Exanpl €9 9. In addition to
two Button controls, add a WebBr owser control to For mlL. Add the corresponding Excel Object
Library to the reference.

In the Plot button click event handler, set x| a’s visible property to f al se by replacing the code
snippet

xla.Visible = true;

with
xla.Visible = fal se;
Add the following code at the end of the Plot button click event handler:

xla.DsplayA erts = fal se;

/1l Save the Excel chart to a gif file:

string filePath = Directory. GetQurrentD rectory(). ToString();
string pctFile = filePath + "\\" + "exanple9 9.gqif";

x| Chart. Export (pctFile, Type.Mssing, Type.Mssing);

// Qit the background (not visible) Excel application.
xl a. UserControl = fal se;

xla. Qit();
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/1 Qpen the Excel chart file with webBrowser:
webBr owser 1. Navi gate(pctFi l e);

In this code, we first turn off the usual prompt message box about saving the Excel chart, since
this message box might be hidden behind the main Excel window. Then, we save the Excel chart
to your application directory as a gif file using the following code snippet:

x| Chart. Export (pctFile, Type.Mssing, Type.Mssing);

We kill the background Excel application because it is still running regardless of its Vi si bl e
property. Finally, we open the saved Excel picture file with the webBr owser :

webBrowser 1. Navi gate(pctFil e);

In this way, the Excel chart is integrated to the Windows Form.

Formi

Peak Function

£ Axis

Y Axis

|
|

Plat | | Cloze

Figure 9-13 Excel chart is integrated onto a Windows Form.
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Pressing F5 to run this project generates the output of Figure 9-13. It can be seen that scroll bars
automatically appear in the webBr owser when the Excel chart is bigger than the size of the
webBr owser control.

Embedding Excel Charts on Windows Forms

In the previous subsection, we showed you how to create stand-alone Excel charts in a Windows
Form. This approach allows you to develop integrated C# applications using Excel chart
functionality. However, this method has one disadvantage: it does not support any interaction
between the Excel application and the created charts. In order to overcome this difficulty, we will
integrate both the Excel application and Excel charts into a C# Windows Form, which allows you
to interact with and modify the charts through Excel.

This can be done by saving the Excel workbook that contains both the data and the charts into an
Excel file (with a extension). Then we use the webBr owser to open the saved Excel file. We
can use the previous project, Example9 9, to illustrate how to perform the corresponding
procedure. In the Plot button click event handler, we need to change the file name. Replace

string pctFile = filePath + "\\" + "exanpl e9 9.gif";
with

string xIFile = filePath + "\\" + "exanpl €9 _9. x| s";

Next, you need to save the Excel workbook instead of the Excel chart by replacing
xl Chart. Export (pctFile, Type.Mssing, Type.Mssing);

with

wb. SaveAs(xl Fil e, Excel . X Fil eFor nat . x| Wr kbookNor nal , Type. M ssi ng,
Type. M ssing, Type. M ssing, Type.M ssing,
Excel . XI SaveAsAccessMde. x| Shar ed,
Type. M ssi ng, Type. M ssing, Type.M ssing,
Type. M ssi ng, Type. M ssing);

Finally, you need to open the Excel file instead of the gif picture file with the webBr owser .
Replace

webBrowser 1. Navi gate(pctFil e);
with
webBr owser 1. Navi gate(xI Fil e);

The output of this project becomes Figure 9-14. Now, if you change the data in the Excel cells, the
chart will immediately reflect the change.
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Figure 9-14 Excel application is integrated onto a Windows Form
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Chart2D class, 386, 407

Chart2D control, 383, 411, 412, 416, 421,
458,472,480, 483, 484, 485

Char t 3Dclass, 444

Char t 3Dcontrol, 421, 422, 449, 485, 486,
497, 500, 508

Chart3D user control, 447
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Chart Styl e class, 88, 91, 96, 97, 99, 100,

127, 138, 149, 185, 199, 281, 287, 289,
291, 295, 300, 308, 383, 387, 404, 421,
422,443, 477, 498

ChartWizard method, 523

color indices, 38, 538, 539, 540

Color Shading, 37

Col or structures, 26

ColorDialog, 26, 27, 28

COM component, 512

COM Interop, 512

Combination charts, 356

Combining Transformation, 69

Combining Transformations, 51

contour chart, 349, 353, 355, 356, 358, 362,
363, 364, 452

Contour charts, 348

contour levels, 348, 353

contouring level, 349

coordinate axes, 7, 47, 65, 233, 234, 235,
236, 237, 247, 268, 270, 273, 275, 279,
286, 287, 288, 289, 291, 294, 303, 503

Cosi ne, 85, 86, 87, 96, 97, 98, 99, 109,
115,121, 122,124, 125, 197, 414, 473,
474

curtain chart, 334, 336, 337

curtain plot, 334

custom color maps, 30

custom coordinate system, 6, 8, 9

cylindrical coordinate system, 260, 261

D

data binding, 462, 463

Dat aCol | ecti on class, 88, 91, 92,97,
122,132,154, 169, 174, 178, 182, 194,
195, 203, 210, 216, 286, 304

DataGridView control, 457, 458, 459, 461,
462,467,472, 483, 485, 486

Dat aSeri es class, 88, 93, 94, 132, 154,
168, 175, 194, 210, 303, 314, 327, 334

DataSet2Text class, 466, 471

DataSet2XML class, 466, 471

design time support, 380

design-time support, 380, 382, 476

Device coordinates, 1, 5

Dimetric projections, 235

doughnut chart, 529, 530

E

embedded chart, 515, 516

embedded Excel charts, 519

Error bars, 180

Euler angles, 260, 268, 269, 270

Excel application, 512, 514, 515, 542, 543,
544, 545

Excel Application object, 512, 517

Excel Chart model, 515

Excel Chart object, 515

Excel Chart Wizard, 520

Excel charts, 511, 514, 520, 523, 538, 540,
542, 544

Excel radar chart, 529

Excel surface charts, 534

Excel worksheet, 515, 517, 526, 527, 532,
537

Excel worksheets, 514

F
fundamental transformations, 51, 52, 220
G

GDI+, 1, 15, 17, 18, 20, 26, 52, 79, 83, 219

G aphi cs class, 3, 5, 15, 79, 82, 184, 194

G aphi cs objects, 15, 148

gridlines, 98, 104, 106, 107, 108, 150, 203,
279,291, 292, 293, 303, 309, 377, 378,
388, 426,427,428, 503

Group Bar Charts, 163

H

Hi-Lo stock chart, 213, 214

homogeneous coordinates, 48, 49, 50, 52, 61,
69,219, 220, 221, 223, 226, 227, 255

Homogeneous coordinates, 48

house object, 62, 65, 66, 67, 68, 69, 72, 73,
74,75, 76,230, 232, 243, 244, 250, 259,
260

HTML color name, 26

1

identity matrix, 53, 54, 56, 66
interpolation, 38, 39, 42, 44, 343, 345, 349
I nvert method, 54

isometric projection, 233, 261, 263, 267
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L

Labels and Title, 108

legend, 83, 84, 94, 108, 109, 113, 114, 115,
144, 188, 207, 327, 404, 405, 406, 407,
478, 519, 533, 536, 537, 541

Legend, 84, 109, 113, 114, 115, 127, 129,
140, 142, 185, 188, 191, 192, 199, 383,
404, 407, 408, 410, 419, 515, 519, 541

linear interpolation, 38, 39

Linear interpolation, 38

Lines and Curves, 18

Li neSt yl e class, 88, 94, 95, 124, 174,
181, 194

M

matrices and transformations, 45, 220

matrix class, 52, 53, 54, 56, 219, 220

Matrix Definition in C#, 52

Matrix Operation in C#, 54, 220

matrix transformations, 56, 60, 62, 83

Matrix Transformations in C#, 56

Matrix3 class, 221, 223, 224, 225, 226, 227,
232,237,247, 250, 256, 261, 265, 270,
271, 282,357

Mat ri xOr der argument, 54

mesh chart, 330, 332, 333, 334, 337, 450

mesh charts, 329, 341

mesh-contour combination chart, 362

Microsoft Excel, 457, 486, 511, 512, 514,
516, 519, 521

Microsoft Office, 512

Mul ti pl y method, 54

multi-view projection, 230, 245

multi-view projections, 231, 232

o

oblique projection, 230, 245, 246, 247, 250
oblique projections, 245, 247, 252
Oblique projections, 245, 246, 251
Office Core and Excel, 512

OLE color code, 26, 27

one-point perspective view, 253
orthogonal transformations, 281
orthographic projections, 231, 237, 245
Orthographic projections, 230

overlay bar chart, 165, 166

Overlay Bar Charts, 165

P

Page coordinates, |

Panning, 10, 11

parallel projection, 230, 272

peak function, 492, 542

Pen and Brush, 1, 5, 8,9, 15

Pen class, 15, 16, 19

perspective projection, 252, 253, 254, 255,
257,272,276, 280, 282

pie chart, 184, 185, 187, 191, 193, 194, 199,
524,526, 527, 529

pie charts, 527

Pie charts, 520, 524

Planar geometric projections, 229

Poi nt structure, 18

Poi nt 2D method, 8, 9, 87, 91, 121, 150,
243,250

Point3 class, 220, 256, 280, 313

Point4 class, 313, 373

PointC class, 40

polar charts, 147, 198

Pr epend, 54, 55, 56, 57, 58, 59, 61

projection transformation, 235, 244, 250,
357,371

0o
quadrilateral, 38, 44

R

Rect angl e structure, 20

rectangular grid, 327, 348, 349

Reflection, 47, 50, 225, 532

rotation, 47, 48, 50, 51, 53, 56, 59, 60, 61,
62, 66, 68, 69, 72,73, 74,76, 77,79, 108,
219, 220, 227, 228, 229, 233, 268, 269,
270, 272

Rotation, 47, 50, 52, 57, 58, 63, 68, 70, 71,
74,775,717, 80, 227

Runtime Properties Editor, 481, 503

runtime support, 498, 508

Runtime Support, 476, 498

S

scale transformation, 58, 68

scaling, 5, 8, 9, 14, 45, 46, 47, 48, 49, 50, 51,
53, 56, 58, 59, 66, 68, 69, 76, 78, 79, 219,
220, 223, 224, 225, 236, 255
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Scaling, 46, 49, 52, 63, 67, 77, 80, 223

shear, 56, 61, 62, 68, 69, 77, 78

shearing transformation, 61, 79, 82

Si ne, 85, 86, 87, 96, 97, 98, 99, 109, 115,
121, 122, 124, 125, 175, 176, 179, 183,
197, 198, 414, 473

slice chart, 373

slice charts, 314, 321, 376, 486

Slice Charts, 373, 376, 454

specified charts, 147

spherical coordinate system, 264, 265, 268

stacked bar charts, 166, 167

Stacked Bar Charts, 166

stair-step chart, 173, 175, 176, 178

stand-alone chart, 516

Stand-Alone Excel Charts, 516, 542

Stem charts, 178

Stock charts, 208, 531

stock price, 208, 209

sub-charts, 135, 140, 144, 145, 421

surface chart, 327, 339, 343, 344, 345, 347,
357, 363, 535, 537, 538, 540, 542

surface charts, 279, 314, 327, 329, 339, 341,
345, 358, 364, 449, 452, 453, 520, 537,
538

surface-contour charts, 363

surface-filled contour chart, 363

symbols, 83, 85, 113, 116, 117, 121, 122,
124, 144, 190

Synbol Styl e class, 117, 124

System Colors, 27

T

text string, 77, 78, 83, 84, 108

Text Transformation, 77

Text2DataSet class, 464, 470

three-point perspective, 254

tick markers, 83, 84, 291

transformation matrices, 45, 48, 49, 52, 66,
219, 220, 231, 232

transformation matrix, 52, 63, 66, 76, 77, 79,
219, 220, 225,227, 231, 233, 237, 246,
247,255,256, 258, 268, 269, 270, 281,
357, 358

translation, 45, 48, 49, 51, 53, 54, 56, 59, 62,
63, 65, 66, 68, 69, 72, 73,74, 76, 79, 108,
219, 220, 226, 227

Translation, 48, 49, 52, 57, 62, 66, 70, 71,
74,75, 717, 80, 226

translation matrix, 49, 53, 63, 65, 69, 226

translations, 48

triangular grid, 349

Two Y Axes, 125

two-point perspective projects, 253

U

unbound mode, 457, 459, 462

US flag, 22, 26

user control, 379, 380, 381, 382, 383, 387,
411,412,415, 421, 422, 447, 448, 449,
451, 452,453,454, 456, 476

User Control for 2D Charts, 383

V

view plane, 229, 230, 232, 233, 234, 235,
236, 237, 244, 245,247, 252, 253, 254,
259, 260

viewport, 10, 15, 45, 73, 76, 84, 87, 148

Viewport, 9

w

Wcomponent, 221, 224, 256, 257

W components, 281, 314

waterfall chart, 337, 338

WebBrowser control, 542

Win32 color code, 26, 27

Workbook object, 515

world coordinate system, 2, 4, 6,7, 8, 9, 13,
45, 65,72,79, 85,87, 107, 121, 128, 203,
204,233, 253, 258, 287

World coordinates, 1

X

XML data, 470, 471

XML files, 463, 464, 466, 470

XML2DataSet class, 463, 470

X-Y color chart, 345, 347, 348, 356, 357,
358

X-Y line chart, 84

Y

Y2 axis, 126, 127, 128, 132, 134, 144, 397,
398, 401
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VA zooming, 10, 12, 13, 15, 45, 73

Zooming, 10
Z component, 256, 257, 281, 357 Z-order, 243, 334
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