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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



xii Practical C# Charts and Graphics

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:



Chapter 1 C# Graphics Basics 15

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.

Formi E@@
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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");
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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],
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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



46 Practical C# Charts and Graphics

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).



48 Practical C# Charts and Graphics

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.
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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.



68 Practical C# Charts and Graphics

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
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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);



76 Practical C# Charts and Graphics

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.



Chapter 2 2D Matrices and Transformation 79

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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This is Titla Title

B Plot Area
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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]));
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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
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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; }
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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,



Chapter 3 2D Line Charts

111

}

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 ds