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Introduction of Computer Graphics

Mode kalll
Text mode Graphics mode
ua saill kel pg ) laad

Computer Graphics

N
4 ™

Non-interactive Interactive
Jelita
Jelita e

sy a8Vl Oyl as fuladl ¢ ogdl B 3 —

Picture element &2l jols a2 29 (Pixel ) bUdl oo foladl: a1 - 3 -

.2 Byte 155131 ¢ Juon text mode § ialidl Je gy B S -

dldewds 2 — Byte J1 OV & -

S el 1 Jg¥1 el D dde gl ol
ASCII <S4 A attribute




computer Graphics Balall aul laky dasla

A,\QL'H;AAM.(.::BJLA\U‘&JM Va.u.@i‘u.\\—aﬁ)d‘ejw@)ﬂ“\.\xs

oda i ey O 55 8511 G b gBse Oy 2 I o1 =1 o5l Lad (text mode ) J¥1 b
i Joad gl cydl bl ASCIT Gl Jt Jeredt g Jg¥1 coldt . 2 - Byte 43,5101 & Jaax Jaod!
. Attribute &3
Sypall pais J) 8t 4kS’ 25 (Pixel ) Il g Joloss = p3u ) 1t (Graph mode ) —: g1 bodl
2 34k liag text mode J1 o ikt adge 35S 515 faen (Pixel) S5 Picture element
(AooooH)
- (RaLE)) £ g5) Lalidl 01 sue e Biits 31 0 sus Pixel S s

{ 0-off ¢ 1-on } ot isuy bit-1 4 Pixel )i & oSs ke pd sl CoST13

{11 10 < 01 . 00 } 4odt J>0y bit-2 4 Pixel Jl Jté oS5 011 4 o (s L3N IS5

{111 < <000 } o)t J50y bit- 3 . Pixel 3t Jud S 01 8 o g Laladl cols1d ¢

{RGB} [ 1-Red 2-Green 3-Blue | i) Olgl &0 0 0181 g o Ss

Computer graphics: the generation, representation, manipulation, processing, or evaluation of

graphic images by a computer.
e Requires more work that using text mode.

¢ You must develop methods for drawing lines and characters.

Single characters i1s made up of many pixel arranged in pattern that forms the character.

You can light pixel any when your display.

Graphics types we will consider are:

1.1.1. Binary Graph

Binary graph are the simplest type of graphs and can take on two values, typically
black and white, or ‘0’ and ‘1’. A binary graph is referred to as a 1 bit/pixel graph
because it takes only 1 binary digit to represent each pixel.

These types of graphs are most frequently in computer vision application where the
only information required for the task is general shapes, or outlines information.
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For example, to position a robotics gripper to grasp an object or in optical character

recognition (OCR). Binary graphs are often created from gray-scale graphs via a

threshold value is, those values above it are turned white (‘1’), and those below it

are turned black (‘0”).
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Figure (1.1): Binary Graphs.

1.2.2. Gray-scale graphs.

Gray-scale graph is a range of monochromatic shades from black to white.
Therefore, a grayscale graph contains only shades of gray (brightness information

only) and no color information.
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Gray-scale graph table
No. Binary value
of _ Range
, 0= off Gray color
pixe Value
l =on
1
1 0-1 Black/White
2 00/01/10/11 0-3 B/DarkB/WhiteB/
White
3 1000/001/010/011/100/101/110/111 0-7 B/DarkB/---/
WhiteB/White
4 0000/0001------ /1111 0-15 B/DarkB/---/
WhiteB/White
8 00000000/00000001--/11111111 | 0-255 B/DarkB/---/
WhiteB/White

The number of different brightness level available. (0) value refers to black color,

(255) value refers to white color, and all intermediate values are different shades of

gray varying from black to white. The typical graph contains 8 bit/ pixel (data,

which allows us to have (0-255) different brightness (gray) levels. The 8 bit
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representation is typically due to the fact that the byte, which corresponds to 8-bit

of data, 1s the standard small unit in the world of digital computer.

Figure (1.2) : Gray Scale Graph

1.2.3. Color graph

Color graph can be modeled as three band monochrome graph data, where each
band of the data corresponds to a different color. The actual information stored in
the digital graph data is brightness information in each spectral band. When the
graph is displayed, the corresponding brightness information is displayed on the
screen by picture elements that emit light energy corresponding to that particular
color. Typical color graphs are represented as red, green, and blue or RGB graphs.
Using the 8-bit monochrome standard as a model, the corresponding color graph
would have 24 bit/pixel — 8 bit for each color bands (red, green and blue). The
following figure we see a representation of a typical RGB color graph.

IR(r,c) 1G(r,c) IB(1,c)

The following figure illustrate that in addition to referring to arrow or column as a
vector, we can refer to a single pixel red ,green, and blue values as a color pixel

vector (R,G,B ).
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Figure (1.3): a color pixel vector consists of the red, green and blue pixel

values (R, G, B) at one given row/column pixel coordinate (r,c).

the RGB color model used in color CRT monitor, in this model ,Red,Grren and

Blue are added together to get the resultant color White.

Red Green Blue Color
0 0 0
0 0 1
0 1 0
1 0 0
0 1 1
1 0 1 Magenta
1 1 0 Yellow
1 1 1 White
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For many applications, RGB color information is transformed into mathematical
space that decouples the brightness information from the color information.

The lightness is the brightness of the color, and the hue is what we normally think
of as “color” and the hue (ex: green, blue, red, and orange). The saturation is a
measure of how much white is in the color (ex: Pink is red with more white, so it is
less saturated than a pure red). Most people relate to this method for describing
color.

Example: “a deep, bright orange” would have a large intensity (“bright”), a hue of
“orange”, and a high value of saturation (“deep”).we can picture this color in our
minds, but if we defined this color in terms of its RGB components, R=245, G=110
and B=20, most people have no idea how this color appears. Modeling the color
information creates a more people oriented way of describing the colors.

1.4.4 . Multispectral graphs

Multispectral graphs typically contain information outside the normal human
perceptual range. This may include infrared (¢!l Ca3) yltraviolet (Aaswdill (348 ),
X-ray, acoustic or radar data. These are not graphs because the information
represented is not directly visible by the human system. Source of these types of
graph include satellite systems, underwater sonar systems and medical diagnostics

imaging systems.
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Figure (1.4) Electromagnetic spectrum.

1.5. B: Frame buffer

Each screen pixel corresponds to a particular entry in a two-dimension array residing in
memory. This memory is called frame buffer or bit map. Frame buffer accessible to the central
processing unit (CPU) of the main computer. This allowing repaid update of the stored image.
The number of rows on the frame buffer array equal the number of raster lines on a display
screen. The number of columns in this array equals the number of pixels on each raster line.

The term pixel is also used to describe the row and column location in the frame buffer array
that corresponds to the screen location. A size 512*512 display screen required (262144) pixels

memory location.

frame buffer
SNQ oo oo 00
"\
l \\"11 0 ~__CRT
three bit plane
fame buffer
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If we wish to display a pixel on the screen a specification values is placed into the
corresponding memory location in the frame buffer array.

Each pixel in the frame buffer array is composed at several bits a single bit of place frame
buffer to display a color or black and white quality image with shades of gray additional bit

places are needed.

Frame Buffer display screen
Each screen location pixel and corresponding memory location in the frame buffer is accessed
by (X, y). Integer coordinates pair. The (x) value refers to the column the (y) value refers to the

row position.

1.3. Coordinates system

. Graphics screen consists of pixels ordered in horizontal and vertical lines.
. The sizes of axes are differing.
. CGA has low-resolution pixels that are large 320 horizontally and 200 vertically.

. VGA has high-resolution pixels so small 640 vertically and 480 horizontally. But SVGA
resolution pixels are (1024 x 768).

. The smaller pixel the more pixels per average and the higher quality of the graphics

display.
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. Each adapter has one or more graphic images.
. Y ou must know what graphics adopt is installed and which made is active.
. To light the pixel at the right corner of the screen you must know what the screen

coordinate is.

Note: LCD: Liquid Crystal Display, LED: Light-Emitting Diode, HD: HIGH Definition
Pixels are the building blocks of every digital image. Clearly defined squares of light and color

data are stacked up next to one another both horizontally and vertically

The resolution has to do with ability to separate two adjacent pixels as being separate, and
then we can say that we can resolve the two. The concept of resolution is closely tied to the

concepts of spatial frequency. There are two types of resolution:
1- Vertical resolution: the number of M rows in the image (image scan line).
2- Horizontal resolution: the number of N columns in the image.

Spatial frequency resolution: It is represent by the multiplication (M x N) and its closely tied to
the concept of spatial frequency that refers to how rapidly the signal is changing in space, and
the signal has two values for brightness 0 and maximum. If we use this signal for one line (row)
of an image and then repeat the line down the entire image, we get an image of vertical stripes.
If we increase this frequency the strips get closer and closer together, until they finally blend
together as shown in figure below, note that the higher the resolution the more details (high

frequency).

(a) Low frequency (f=2) (b) Median frequency (f=5) (c) High frequency (f=10)

10
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.Figure (1.5) Resolution and Spatial frequency

In computers, resolution is the number of pixels (individual points of color) contained on a
display monitor, expressed in terms of the number of pixels on the horizontal axis and the

number on the vertical axis.

The sharpness of the image on a display depends on the resolution and the size of the
monitor. The same pixel resolution will be sharper on a smaller monitor and gradually lose
sharpness on larger monitors because the same numbers of pixels are being spread out over a
larger number of inches. Display resolution is not measured in dots per inch as it usually is with

printers (We measure resolution in pixels per inch or more commonly, Dots Per Inch (dpi)).

In computers, resolution is the number of pixels (individual points of color) contained on a
display monitor, expressed in terms of the number of pixels on the horizontal axis and the

number on the vertical axis .
The sharpness of the image on a display depends on the resolution and the size of the monitor .

Display resolution is not measured in dots per inch as it usually is with printers (We measure

resolution in pixels per inch or more commonly, dots per inch (dpi)) .

. A display with 240 pixel columns and 320 pixel rows would generally be said to have a

resolution of 240%*320 .

. Resolution can also be used to refer to the total number of pixels in a digital camera
image. For example, a camera that can create images of 1600*1200 pixels will sometimes be
referred to as a 2 megapixel resolution camera since 1600 * 1200 = 1,920,000 pixels, or roughly
2 million pixels. Where a megapixel (that is, a million pixels) is a unit of image sensing
capacity in a digital camera. In general, the more megapixels in a camera, the better the

resolution when printing an image in a given size.

11
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1.4: Interactive computer graphics: observe has some control over the image, it involves

communication between the computer and user, and the displayed picture is modified
appropriately to signals, the computer receives from the input device e.g. (keyboard, mouse,
joystick, etc.). It appears that picture is changing instantaneously in response to the observers'

commands.

How the cathode ray tube (CRT) works:

vertical
d gun blue gun deflection red,blue

|
aie 1 LO A
; =<0
0
4 A
electtron gun green gun Focusing horizantal
system deflection

phosphor
Pixel dot.

The CRT consists of three electron guns: red, green, and blue. They emit a beam of negatively
charged electrons towards a positively charged phosphor-coated screen. Along the way, the
electron beam passes through the focusing system that concentrates the beam so that by the
time the electrons reach the screen they have converged to a small dot.

The beam then passes through the deflection system (horizontal and vertical) which deflects
the beam to strike any point on the screen. When this focused electron beams strikes the screen
the phosphor emits a dot of visible light.

The video display is divided into very small dots called "pixels" (picture elements) each pixel
1s composed of a triangular pattern of red, green, and blue phosphor dot.

The CRT has three electron guns one for each of the three primary colors: red, green, and blue
each electron gun hits its corresponding phosphor dot causing that particular color to appear on
the screen the light on the display screen starts to fade as soon as the beam moves to another

location.

12
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So the beam must refresh the screen by illuminating pixels 30 to 60 times each second.

1.5: Raster — scan display

The video display in microcomputer is divided into very small rectangle or dots these dots are
referred to as picture elements or pixels. We can consider the CRT screen to consist of grid of
line made up of pixels the horizontal line made up of pixels the horizontal line are called raster-

scan-line and video display is referred to as raster-scan-display.

Scan conversion Frame buffer _| Display image

»

v

memory displaycontrol

Display Procedure

Raster scan display
Raster scan display (n) = Scan Conversion (n) @ Frame Buffer (n) P Display image (n)

1.5. A: Scan conversion

Image is usually defined in terms of equations for example x+ y=5 or graphic description
such as "draw line from point to point" scan conversion is: the process of converting their
abstract representation of an image into the appropriate pixel value in the frame buffer. An
inexpensive microcomputer graphics system uses the CPU and library of software routines to
perform scan conversion. "The process of representing continuous graphics objects as a

collection of a discrete pixel is called scan conversion".

13
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1.5. C: Plotting points

To draw a picture on a raster display, we must determine the corresponding points in the frame
buffer that make up the picture. To perform this we must write a scan conversion point-plotting
algorithm. Both frame buffer and display screen are given a two-dimensional coordinates
system with the origin at the lower-left corner. Each pixel is described in no negative integer (X,
y) coordinates pair the x value starts at the origin (0) and increases from left to right

(there is no standard for the location of two origins).

[39)

AN
\hé]

(0,0

14
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1.6: Applications of computer graphics:

l.
2.

CAD (Computer Aided design): use of a computer to aid in the design of product.

CAM (Computer Aided Manufacturing): use of a computer to control the manufacturing
of products.

CAI (Computer Aided Instructing): use of computer to display animated pictures to
illustrate educational concept.

CAE (Computer Aided Engineering ) use of a computer as engineer work .
Simulation: use of a computer to experience circumstance that otherwise would be too
expensive or catastrophic to experience in reality E.g.: flight simulators, simulating
unclear reactors.

GUI (Graphical User Interfaces): simplify the user of computer programs by giving
them user friendly interfaces.

Entertainment: Computer games and movie making.

Visualization: The need for visualization today has increased dramatically and many
advanced technologies will see the need for visualization. Data visualization helps us
gain insights into the information to analyze and study the compatibility of the systems
that we have around us.

Image Processing: Specific types of photos or photographs need to be edited to be used
at various locations. One of the many techniques of computer graphics is to transform

existing images into optimized ones to enhance their understanding.

15



Graphics Devices
1. Input Units
A) Key board. B) Mouse. C) Light pen .

D) Tach screen. E) etc...

2.Display Unit .
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Frame Buffer:- is the array which contains an internal
representation of the image . it collects and stores pixel values for
using by the device. It constructs ( designs ) as multiport memory
technique.

FB— D€—  Display Unit.

4.DC -: Display controller .
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What are the methods of programming graphics? -: s U iz I/
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Object primitives (832! ,ols )

1- Point 2- Line 3- Arc (circle)
Bl Bldg « Ugd ¢ 2,8« Job b 8132 (point or pixel ) dkidt -2

Pixel :- is the smallest addressable screen element ,
It is the smallest piece of the display screen which we can
control.

2. Line: a line can be described as a single point that continues for a
distance, or as the connection between two points (x1, y1) ,(x2, y2) .

The line 1s one of the main components of design including principles such
as shape, color, texture, value, perspective, and form. Lines can appear in
many different forms some examples may be straight, curved, continuous,
dotted, thick, thin, real, and implied. A line can be used to create structure
and tone 1n illustrations and other artworks.

To find distance of line calculate dx=Xcng ~Xstart , dy=Yend -Ystart and slop
M=dy/dx.



2.1 drawing lines

. u.ﬂ,d\ ¢ 3 lfj) ¢ dsloW) Bl o Q}U‘ - M\ b3 CJW‘}A

__________ = F-M‘ L3 :L:S-j)

Requirements for an acceptable line drawing algorithm

1. The line should appear to be straight.(OSeY! 8 ladims fad1 ,glay 01 8 )

2. The line should terminate accurately. (it Wit gy gl OV %)

3. The line should have constant density. (&6 £us'd 055 O )

4, The line density should be independent of line length and angle.( <%
dngly o) L Jsb e duhasne p B0USTN 05ST O1)

5. Line should be drawn rapidly.

2.1.1. Horizontal and vertical lines:

The simplest lines to drawn are horizontal and vertical lines, the screen
coordinates of the point an a horizontal line are obtained by keeping the
value of y constant and repeatedly incrementing or decrementing the x
value by one unit. The following lines of code draw a horizontal line

between the two points, (x1, y1), (x2, y2)



Input:(x1,y1),(x2,y2)

Output: Draw a Horizontal line Because (y2-y1)=0 = { dy=0}
1: For x =xI to x2 step sign(x2-x1)
2: Plot (x, y), color
3: Next x

Note: - sign (n) return either 1 {n>0} or 0 {n=0} or -1 { n<0}

To draw a vertical line the x value is fixed and the y value varies.

Input:(x1,y1),(x2,y2)

Output: Draw a vertical line Because (x2-x1)=0 = { dx=0}
1: Fory =yl to y2 step sign (y2-y1)
2: Plot (x, y), color
3: Nexty

2.1.2. Diagonal lines:

To draw a diagonal line with slop equal to 1 we repeatedly ejective
Change by same unit both the x and y values from the starting to the ending
pixels. The slop is defined as the change in y value divided by change in x
values: m= Ay/ Ax = (y2-y1)/(x2-x1).

The following lines of code draw a diagonal line with slop equal to +1 or -
1 only: x =xI; y =yl;While (x<=x2) { plot (x, y, color); x =x
+sign(x2-x1); y=y +sign(y2-yl); }



Input :(x1, y1), (x2, y2)
Output: Draw a slop line m= -1 or m=1
1: x=xI;y=yl
2: For x =x1 to x2 step sign(x2-x1) // x=x +sgn(x2-x1)
3: Plot (x, y), color
4: y=y+ sign(y2-yl) //sign(y2-yl)= either +1 or -1
5: next for // repeat in step 2 until x =x2

Note: the slop is zero then line is a horizontal dy(y2-y1)= (y1-y2)=0
and if slop is undefined then line is a vertical dx(x2-x1)= (x1-x2)=0
but if slop line is not equaled +1 or -1 then found three methods to draw

diagonal lines are:

A>Y=mX+b.
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Equation of line

y2-yl _ y-yl @
xz_xl x_xl .......

(2-y1) X=X1) =(X2=X1) (Yy—Yy1)

Vertical line

Y2 £ Y1
)(==:K1
)(2==)(1

Horizontal Line

Xb;ﬁ)(l

y=n

2=\

_y2-y1
x2—x1

Y2£ Y1

X1#Xo



y=mX+C
oy Aslal 3 angadlly y
(1)

y—yi=m (X-Xj)
y=mX-Xi)+ty
=m X+ (y1-m Xj) m = tan(0)
=mX+C \ 0

A
v

Using line equation 'Y=mX+b':

this method is advantaged the line equation to finds point where they
belongs in line. The constant b 1s found by if it assigns line point in this
equation then you find the value of b. For example if the endpoints of line
is (x1, y1) (x2, y2) then the b = yI-mxI or b=y2-mx2. The following
algorithm is used this method below:

1: dx=x2-x1: dy=y2-y1

2:if (dx=0) that lead draw the vertical line & exit
3:if (dy=0) that lead draw the horizontal line & exit
4: m=dy/dx : b=yl-mx1 { OR b=y2-mx2}

5: for x=x1 to x2 step sgn(dx) {X+ =1 or X- =1}

5.1: y=m*x+b

5.2 plot point ( x, y), color

6: next x {goto S where un-finish}

10



Simple Line

Based on slope-intercept algorithm from algebra:
y=mx+b
b=y-mx
Simple approach:
increment x, solve for y

Floating point arithmetic required

11



Example: trace the line equation to draw the line that endpoints are (1, 5),
(7, 2), and draw the line in screen coordinate.
dx=7-1=6; dy=2-5=-3; m=-3/6=-1/2 =-0.5; b=5- (-0.5)*1=5.5

-

> Y Poimnt (x. v Plot in screen
1 1*-0.5+5.5 (1.5 €1.5)
2 2% 0.54+8.5 (2.4.5) 2.5)
3 3*%-0.5+5.5 (3.4) (3.4)
4 4*-0.5+5.5 (4,3.5) (4.4)
S 5*%-0.5+5.5 (5.3) (5.3)
6 6*-0.5+5.5 (6.,2.5) (6.3)
7 7*-0.5+5.5 (7.2) (7.2
(0,0)%

12
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2 * 2 Matrix representation of transformation

Transformation can be represented as a product of the row vector [X y]
and a 2*2 matrix accept for the translation we can represent transformation
as a product of 1*2 row vector and an appropriate 2*2 matrix .

Translation

If a point P1=(X1,Y1) is being a 1*2 vector . if we added it to some 1*2
vector T=[H V], we will obtain another 1*2 matrix which we can interpret
as another point :-

[X2 Y2]=P2=PI1+T

Then X2=X1+H & Y2=Y1+V

Scaling
general 2*2 matrix

x 0
S:
0 Sy

1 0
If T is the identity matrix T = [

] NO Change
0 1

Ex :-

Stretch the image to three times width and two times height?

P2=PIT

“fo



Rotation
Rotation transformation matrix
cos(9)  sin(8)
-sin(6) cos(0)
EX:- rotate the point (2,3) counter clockwise by an angle (7/6) radios.

Solu -
The rotation matrix is

cos(n/6)  sin(m/6) [0.866 0.5 ]
o[ i
sin(m/6) )] -0.5 0.866

- cos(m/6

Then the rotated point would be:-

0.866 0.5
2 3][ ] =[0.232 3.398]

-0.5  0.866

For the rotation matrix for an angle () clockwise would be

cos(f0) -sin(9)
ll ]
sin(6) cos(8)

Using matrices allow us to combine translation with other transformation by
simple matrix multiplication, for example, rotating about a point other than
the origin can be done by translation, rotation, translation. To do this we will
use homogeneous coordinate, we use 3*3 matrixes instead of 2*2

introducing an additional dummy coordinate.

Matrix Representation of Shearing
1:- Y-shear

1 shy
[xy ]=[x y ] O 1 ]
2:- X-shear
[1 0 ]




[x'y ]=[x y ] shx 1
In general 3 * 3 Matrix representation of transformation
1 :- Translation

—

1
[y 1]=[x y 1] 0
H
2 :- Scaling

[x'y 1]=[x vy 1] 0 Syo

3 :- Rotation

[xy 1]=[x y 1] [-sin(#) cos(9)

cos(6)  sin(8) O]
0
0 0 1

4 :- Shearing

a:- Y-shear

1 shy 0
[xy 1]=[x y 1]] O 1 0

0 0 1
b:- X-shear

1 0 0
[x'y 1]=[x y 1]| shx 1

0 0 1
5 :- Reflection
a:- Y-axis

-1 0 0
[xy 1]=[x y 1]| O 1 0

0 0 1
b:- X-axis

1 0 0

¥y 1]=[x y 1]] 0 10



0 0 1
c:- Origin

-1 0 0
[x'y 1]=[x ¥y 1][0 -1 0]
0 0 1

Rotation about an arbitrary point
The transformation matrix for counter clockwise rotation about
Point (Xc,Yc¢)

The three transformation steps are:-
1:- Translation to the origin

1 0 O

T1= 01 0

-Xc -Ycl

cos(0) sin(8)
R= |-sin(¢) cos(6) 0
0 0

2:-Rotation

S

—

3:- Translation back to (Xp,Yp)

1 0 O
T2= 01 0

Xc Yec 1

To transform a point
[+ 1]=((xy 1]1T1)R)T2)



We must form an overall transformation matrix

[+ =[xy II(T1 (R T2))

Tl R T2 =

EXx:- find the 3 * 3 matrix that will rotate an object by 90 degree

—1
0

=Xc -Yc

0 O
1 0
1

8 cos(6)
-sin( )
=X c*cos(0)+Yc*sin(6)+Xc

about the point (15,15) ?

Tl R T2 = [ ]
Xc -Yc 1

Tl R T2 =

—1
0

— 1

=15 -15

0 O
1 0
1

0

—c0s(8) sin(d) 0~
-sin(#) cos(6) 0 [
L0 0 1
—cos(0) sin(6) 0~
-sin(@) cos(#) 0

L Xc Yc 1.

sin( )
cos(8)

os(0) sin(@) 0
-sin( @) cos(H) O] [ O]
Xc Yc 1

0 10
—100]
0 0 1 15151

~1 0 0
0 1 0 ]
15 15 1

1 O
0 1
Xc Yc

]

-Xc*sin(6)-Yc*cos(8)+Yc

0
0
1



Scaling about an _arbitrary point

The transformation matrix for counter clockwise rotation about
Point (Xc,Yc)

The three transformation steps are:-

1:- Translation to the origin

1 0 O
T1= 0O 1 O ]
— -Xc -Ycl
2:-Scaling
" Sx 0 0
R= 0 Sy 0
0 0 1

3:- Translation back to (Xp,Yp)
I 0 O
T2= [ 01 O ]
Xc Yec 1

To transform a point

[y 1I=((xy 1]T1)S)T2)

We must form an overall transformation matrix

[x'y 1]=[xy LTI (S T2))
1 0 O X 0 0 1 0
TlRTZZ[O 1 O ] 0 Sy O][O 1 O
-XCc -Yc 1 0 1 Xc Yec 1
0 0
\Xc —Yc 1 Xc Yc 1

[ Sx 0 0
=1 0 Sy 0
Xc*Sx+Ye  -Yc*Sy+Ye 1



EXx:- find the 3 * 3 matrix that will scaled an object twice in X&Y
directions about the point (15,15) ?

1 0 O
TlRTz{o 1 0 ]E? Sy ][ ]
-Xc -Yc 1 Xc Yc 1

~1 0 0 -2 00
TIRT2=] 0 1 O 0 2 O][ ]
=15 -15 1 JW 01 15 15 1
—2 0 0 ~~A 0 O
=10 2 O 0 1 0 ]
30-30 1 JUS IS5 1

2 1 O
= [ 0 2 0 ]
-15 -15 1
Transformation procedures
Type

Matrix = array[1..3,1..2] of real;

Create the 1dentity matrix as transformation matrix.

Procedure Identity (Var H : Matrix);

Var
I,J : Integer;
Begin
ForI:=1to3 Do
ForJ:=1to2 Do

IF (I=J) THEN H[LJ] :
ELSE H[LJ] :

End;

1
0;



Scaling

(s )ef )

Procedure Scale (Sx,Sy : Real ;

Var
I : Integer;
Begin
ForI:=1to3 Do
Begin
H[L1]:=HJ[L1] * Sx;
H[L,2] := H[L2] * Sy;
End;
End;
Translation
1 0 0
01 0
H V 1
Procedure Translate (Tx,Ty: I

Begin
H[3,1]:=H][3,1] + Tx;
H[3,2] :=H[3,2] + Ty;
End;

Rotation
Cos(A) Sin(A) O
[ -Sin(A) Cos(A) O]
0 0 1

Var H : Matrix);

Jols 1]

nteger ; Var H : Matrix);



Procedure Rotate (A : Real ; Var H : Matrix);
Var
Temp , S ,C: Real ;
I : Integer;
Begin
C:=COS(A);S:=SIN(A);
ForI:=1to3 Do
Begin
Temp :=HJ[I,1] * C-H[L,2] * S;
H[L,2] :=H[L1] * S+ H[L,2] * C;
H[L1] := Temp;
End;
End;

The following procedure transform a single point, the point coordinates are
passed to the procedure as argument and the transformed point is returned in
the same variable.

Procedure Do Trans ( H : Matrix ; Var X,Y : Real);

Var
Temp: Real;

Begin
Temp := X * H[1,1]+Y * H[2,1] + H[3,1];
Y =X*H[12]+Y *H[2,2] + H[3,2];
X :=Temp ;

End;
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Three-dimensional Transformation

e The world composed of three-dimensional images.
e QObjects have height, width, and depth.

e The computer uses a mathematical model to create the image.

1-:Coordinate System:

A three dimensional coordinate system can be view as an
extension of the two dimensional coordinate system.
The third-dimension depth is represented by the Z-axis

which is at right angle to the x, y coordinate plane.

X

A point can be described by triple (X, y, z) of coordinate values

Ex./ Draw the figure: (0,0,3), (0,1,3), (2,0,3), (2,1,3), (0,1,0) (2,0,0), (2,1,0)
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2: Transformation:

Transformations of 3 dimensions are simply extension of two-dimension transformation.
A three-dimensional point (x, y, z) will be associated with homogeneous row vector [x, y, z, 1].
We can represent all three-dimensional linear transformation by multiplication of 4*4 matrixes.

2.1 Translate (shift. Move)

The new coordinate of a translate point can be calculate by using transformation.

{,X=X+a
T: Y=Y+b /
Z=7Z+c
1 0 0 0
- 01 00 | v
[X,Y,Z]=IXYZI1I*[o o 1 o Y
a b ¢ 1 B

2.2:Scaling:

e Allows for a contraction or stretching in any of the x, y, or z direction. To scale an object:
1. Translate the fixed point to the origin.
2. Scale the object.
3. Perform the inverse of the original translation.

e The scaling matrix with scale factors Sx, Sy, Sz in x, y, z direction is given by the matrix

And see that matrices are as follows. The window shift is given by

{L(=Sx*X
S: Y=8Sy*Y
Z=871*7
Sx O 0 0
(X, ¥,zl=;xvzix, ¥ 20
0 0 0 1
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2.3 Reflection
About origin: (X, Y, Z)= (-X, -Y, -Z)

-1 0 0 0

_ 0 -1 0 0
IX,X,ZI=XYZ1x| o 5 _9 0
0 0 01

e Mirror about Main Axes

> X-axis: (X, Y, Z)D (X,-Y, -Z)

1 0 0 0
_ 0 -1 0 O
1X,x,zl=ixvzuxlg o5 %%
0 O 0 1

> Y-axis: (X, Y, Z)D (-X, Y, -Z)
-1 0 0 0
_ 0 1 0 0
[X,¥,zl=IxYZ1x| 9 o %9
0 0 0 1

» Z-axis: X, Y,Z2)=2 (-X,-Y, Z)
-1 0 0 0
_ 0 -1 0 O
1X,x¥,zl=ixvzyx/ g 990
0 0 0 1

e  Mirror about Main Plane

» Plane XY: X, Y,Z2)= (X, Y, -Z)
1 0 0 07
1X,¥,zl=ixvzuxlg o %%
0 0 0 1
» Plane YZ: X, Y, Z)= (-X, Y, Z)
—1 0 0 0
[X.X.zl=IxyzZ1xlg o 990
Lo 0 0 1
> Plane XZ: (X, Y, Z) (X, -Y, Z)

1 0
0 -1
0o 0
0 0

[X3X5L1=[XYZ1] X

oOmRO O
Rooo
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2.4: Shearing about main plane therefore shear 3D are:-

e Shear XY >
x = x + Shx*z

1 0 0 0
sh _ % sh sh shy — 0 1 0 0
y"=y+Shy*z D [X" Y, 2" = (XY Z 1 x| shy 1 0
0 0 01
=7
e Shear XZ >
xM = x + Shx*y
1 0 0 O
sh — sh ysh —shy_ shx 1 shz 0
yUr=y DXV Y2 =X Y Z1 <7t o T
0 0 0 1
7" = z+ Shz*y
e Shear YZ >
xS =x
1 shy shz 0
y'=y+Shy*x D xt vyt zh = xvzyxlg 3 99
0 0 0 1

70 = 7+ Shz*x

Note:
e if shear for example on plane XY is -3, therefore shx= -3, shy=-3
eif shear on z by -2 and shear on y by 5, therefore this shear at plane YZ and shy= 5, shz=-2
eoif it apply shear directly then center of shearing (0,0,0), but if center shearing not (0,0,0)
need
a) Shift center (Xc, Yc, Zc) into (0, 0, 0) by shifting transform.
b) Apply shearing transform (or Scaling transform)
¢) Inverse step a (return center in the location (Xc, Y¢, Zc))

d) These step (a, b, ¢) apply in scaling transform.
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2.5 Rotation:

Rotation in three dimensions is considerably more complex than

rotation in two dimensions. In two dimensions, a rotation is prescribed

by an angle of rotation 8 and center of rotation p. z

Three dimensional rotations require the prescription Y
of an angle of rotation and an axis of rotation.

The canonical rotations are defined when one of the Y0

X p(x:y,0)

positive X, y, or z coordinate axes is chosen as the axis
of rotation. Then the construction of the rotation transformation proceeds just kike that of a

rotation in two dimensions about the origin see figure above.

1 0 0 0

Rotation about X'= X 0 Cos(0) | Sin(0) |0
the X-Axis R(X,0) Y'= YCos(0) -ZSin(0) 0 -Sin(0) | Cos(0) | 0
Z'= 7ZCos(0) +YSin(0) 0 0 0 1

Rotation about X'= XCos(®) -zsin@) |C°® |0 Sin(®) |0
the V-Axis ~ R(Y,0) Y'= Y 0 1 0 0
Zr= ZCos(®) +XSin®) |>n®) |0 Cos(9) 10

0 0 0 1

Cos(0) | Sin(0) |0 0

Rotation about X"= XCos(0) -YSin(0) Sin©) | Cos(®) |0 0
the Z-Axis R(Z,0) Y'= YCos(0) +XSin(0) 0 0 1 0
“= L 0 0 0 1

note that the direction of positive angle of rotation is chosen in accordance to the right-hand rule

with respect to the axis of rotation.
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The general use of rotation about an axis L can be built up from these canonical rotations using

matrix multiplication in next section. y 4

2.6: Rotation about an arbitrary Axis P2 - Pl
e It is like a rotation in the two-dimension about an Pl

arbitrary point but it is more complicated. P Y
e Two points P1(x1, yl, z1) and P2(x2, y2, z2) Define a line.

The equation for the line passing through these Point are :
x=(x2 -x1)t+xlI
y=(y2-yl)t+yl t: real value [0 to 1] X
7z=(z2—-zl)t+zl
o Let a=(x2 —x1) & b=(y2 —yl) & c=(z2 — z1) then the equation of line becomes
x=at + x1 & y=bt +yl & z=ct + z1 the difference P2 — P1 = (x2 —x1) (y2 —yl) (22 -2z1) =
(a, b, ¢) is the direction vector from P1 to P2 along the line through P1 and P2.

Steps of rotation:

Let (x1, yl1, z1) be a point through which the rotation axis passes with (a, b, c¢) direction. A

rotation of angle 0 about an arbitrary axis is: I
1. Translate the point(x1, yl, z1) to origin. s Y N
1 0 00
| 0 1 0 0
Tr(-x1, -y1, -z1)= 0 0 1 o
—x1 -yl —z1 1 }

After this translation the direction vector (a, b, ¢)

define the rotation axis as follows. (@,9,9)

2. Rotate about the x-axis until the rotation axis corresponds to the z-axis.
This can be considering being a rotation about the origin. With the axis coming out of paper
When the rotation axis is projected onto the x,z plane,

any point on it has x coordinate equal to zero. In particular a=0.
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The point (0,b,c) is rotated @ degree until the line corresponds Z
to the z-axis. We have find the sin @ and cos @ we find that
distance from the origin to (0,b,c)is:  Vb?% + c2=d1

Sin ®= b/d1, Cos ®= c¢/d1

Substituting these values into the x-axis rotation matrix we have:

1 0 00
_|o ¢/da1 b/d1 o
RX. @)=, —b/d1 c/d1 0
0 0 0 1

Now the point(0,b,c)has been transformed to the point (0,0,d1) but since the rotation about the x-

axis doesn’t change the x coordinate value the point (a, b, ¢) is now at location (a, 0, d1).

3. Rotate about the y-axis until the rotation axis corresponds to the z-axis.
Since (a, 0, d1) lies in the x, z plane we can visualize this as rotation about the origin with the y-
axis coming out of the paper.

A rotation of angle J in clockwise direction, we need to compute

sin 3, cos Dwhere: d2 = \Ja*+ (d1)2= ~a?+ b% + c? thus:
sin D =a/d2 ; cos D =dl/d2

Substituting the value into y rotation matrix given:

di/d2 0 a/d2 0 > X
_l o 1 oo
RYD= | _a/az 0 a1/az o . (2,9.91)
0 0 0 1 1

4. Rotate about the z-axis angle 3. This require the Rz(f) matrix
cos(f) sin(B) 0 O

R(Z,ﬁ)= _Sig(ﬂ) COSO(B) 2 g
0 0 0 1

5. Perform the inverse rotation of step (3) . requires Ry(-2)
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d1/d2 0 Ba/d2 0

m_ | 0 1 o0 o
RY:-9)= \ga/az 0 d1/daz o
0o 0 o0 1

6. Perform the inverse rotation of step (2). Requires Rx(-®)

1 0 0 0
0 c/d1 Eb/dl 0
0 ¥b/dl c/d1 0
0 0 0o 1

R(X, -®) =

7. Perform the inverse translation of step (1). Require Tr (x1,y1,z1)

1 0 0 0

0 1 0 0

0 0 1 0
+x1 Fy1 #Fz1 1

Tr(+x1, +yl, +z1)=
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6- THREE - DIMENSIONAL TRANSFORMATIONS

The world composed of three — dimensional images so the object has height,

width and depth. The computer uses a mathematical model to create the image.

6.1 Coordinate system:

A three- dimensional coordinate system can be view as an extension of the —
two —dimension coordinate system.

The third — dimension depth is represented by the Z — axis which is at right
angle to the X, Y coordinate plane. A point can be described by triple (X ,Y , Z

) of coordinate values.
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6.2 The Transformations:

a. Translation :-

A point (x,y, z) is translated to a new position
(X1, ¥y1, 2z )by move it dx units in the X — direction and by units in the Y —
direction and dz units in Z — direction. Mathematically this can be represented as:-

X, =X+dx

Y =Y +dy

Z, =7Z+dz
(1 0 0 O]

X, v z 1=[x v Z 1]x 0 100
0 0 1 0
dx dy dz 1

b. Scaling :-

Increasing the distance, between the points describing the object can make an
object. In general, we can change the size of an object, or the entire image, by
multiplying the distance between points by an enlargement or reduction factor. This
factor is called the scaling factor, and the operation that the size is called scaling.
If the scaling factor is greater than 1, the object is enlarge, if the factor is less than
1, the object is made smaller, a factor of 1 has no effect on the object. Whenever
scaling is performed, there is one point that remains at the same location. This is
called fixed point of the scaling transformation.

a) To scale an object from a origin point:-

We used the following matrix.

S0 0 0
0 S, 0 0
0 0 S 0

0 0 0 1
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b) To scale an object from fixed point ( xp , yp , Zp ), we perform the following

three steps:

1. Translate the point ( Xp , yp , Zp ) to the origin. Every point (X ,y , z ) is

moved to a new point ( Xp , Yp , Zp ):
X =xX—Xx,
N =Y—=—YV,

z, :Z—Zp

2. Scale these translate points with the origin as the fixed points:
X, =x;, X8
y2 - yl X Sy

Z, =2z, XS,

3. Translate the origin back to the fixed point ( xp , yp , Zp ):
X3 =X, +Xx,
Y=V, +),

zZy=2,+z,

I 0 0 0] [s. 0 001 00
0 1 0 0 |0 S 00/ [0 1 0
X, v z1]=[x ¥ z 1]x | "
0 0 1 0|0 o s o0 0 1
-x, -y, -z, 111y, y, g,

¢. Rotation :-
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1. Rotation about X — axis:

1 0 0 0
R (0)= 0 co.s(¢9) sin(d) O
0 -—sin(@) cos(@d) O
0 0 0 1]
2. Rotation about Y — axis:
cos(@) 0 —sin(@) O]
0 1 0 0
R, (0)=| .
g sin(@) 0 cos(@) O
0 0 0 1]
3. Rotation about Z — axis:
[ cos(@) sin(@) 0 O]
R (0)= —sin(@d) cos(@) 0 O
0 0 1 O
0 0 0 1
Example :

Draw the figure (0,0,0),(0,1,0),(0,1,3),(0,0,3),(2,0,0),
(2,1,0),(2,0,3),(2,1,3),and find: Not: sin (90) =1, cos (90) =0.

a) Translate it to the point (0,3 ,0).

b) Scaling 4 times its size about the origin point.

¢) Rotate its ( 90°) about the Z — axis.
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Solution:

z

(0,0,3)

(m$<ij//t:>(m@
/
2.1.3)
(0,1,0)
20,0

X (2,3,0)

a) Translate it to the point (0,3 ,0).

00 01 03 01
01 0 1 03 0 1
0 1 3 1|1 0 0 0] |0 4 3 1
003 1/lo1 0 o0 |03 31
200 1000 1 0|l |23 01
230 1[0 30 1] (26 0°1
2.0 3 1 2 3 3 1
21 3 1 2 4 31
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b) Scaling 4 times its size.

0 0 0 1 0 0 0 1
01 01 0 4 0 1
0 1 3 1[4 0 0 0] [0 4 12 1
00 3 1/|0 400 |0 0 121
200 1/]0 0 4 0| |8 0 01
230 1[0 00 1] |8 12 0 1
2 0 3 1 8 0 12 1
2 1 3 1] 8 4 12 1
c) Rotate its ( 90° ) about the Z — axis.
(0 0 0 1] 0 0 0 1]
01 01 -1 0 0 1
0 1 3 1| [ cos(90) sin(90) 0 0] |-1 0 3 1
0 0 3 1| |-sin(90) cos(90) 0 0| [0 0 3 1
200 1] o 0o 10l |l0 201
230 1| 0 0 0 1] [-3 2 0 1
2 0 3 1 0 2 3 1
2 1 3 1] -1 2 3 1
H.W(11):
Draw the figure A (4,4,0),B(-3,3,4),C(-2,3,3),D(3,-3,4),
E(3,-2,3) and find:- Not: sin (180)=0, cos (180)=-1

a) Translate above shape to point (-3,4,3).
b) Scaling the figure, twice in X direction, three in Y direction and once in Z

direction.

¢) Rotate the figure ( 180° ) about X — axis.
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Vectors:

A vector has a single direction and a length. A vector may be denoted
[Dx, Dy] where Dx indicates how far to move along x-axis direction and
Dy indicates how far to move along the y-axis.

These vector two types:

A) Free Vector: is shown by direction line segment whose
length is a measure of its magnitude. Such as line AB,
show figure 1 :

B

Anchor Vector:

Its starting position at the origin (0, 0) in particular direction,
then we have a position vector. The position vector p=OP
where p is specifying the position point with O is respected to
the origin.

show in figure 2 below:

Where point of O is (0,0)

Figure 2: anchor vectors



Unit vector:

it is a vector whose size is "1", so it can be
represented by an arrow of length 1. a unit vector in the
direction of the X-axis is called i ,and a unit vector in direction
of the Y-axis is called j.
Note: we can write vector in this lecture either point such as
P(5,2) or vector row p(5 2) or component form OP=5i+2j.
We note that i=(1 0) and j=(0 1) see figure 3

i
| P (5,2]
] e e
T < |
bt i
e L T, wuny —

Figure 3: show that combine the unit vector i and |

measurement associated with vectors:

this following example of vector OP and OQ, we have shown
above the there are different way to write OP & OQ either point or
row vector or component form.

2.3.1 modulus of a vector: the modulus of a vector is given by the
length of the arrow by using find length of line & term the
modules of vector p is |OP|.



Example: if p(5,2) & Q(2,-4) in figure below to find modulus of
two vector are:

|OP|= 572 +272 =29 = 5.39

And |OQ| = 282+ (-4) A2 = 20= 4.47

(a) Y4
] "
P (5; Z)
2
3 |3 |
H. ~ 2 units
jA TRy :
e "|U.I M >
Gl +£31 o 4 @ B € %
5 units
(b) V4

1.9 2 unite
-
N 2 3 4 5 6

x L
0] I—J, X
1
3 :
9] | 4 units
l
= "1
El
1
- Q(2,-4)

Figure 4: example vectors p,q



unit vectors: the unit vector in direction of OP is written OP,
which is calculated as following : OP = vector OP/modulus of OP.
in preview example then OP = OP/|OP|

OP/|OP| = (5i+2))/5.39 = (5i/5.39) + (2j/5.39) = 0.93i+0.37j
Similarly we have OQ = OQ/|O0Q| = (2i-4))/4.47 = 0.45i-0.89j
2.3.3 Angles between vectors and axis

1. The angle between OP and i (X-axis) is & where tan & =2/5=0.4

so a =21.80.

2. The angle between OP and j (y-axis) is B, where =90-21.80
= 68.20.

manipulation vectors:

The system of vectors, which we have introduced above, will be
seen to give us the terminology and techniques for dealing with
point, line, angle and surface too, as will be seen later. Moreover,
as this system deals with geometrical quantities in numerical
terms, it is extremely valuable for computer technology. To
exploit their potential we must be able to manipulate vectors, so
next we look at aspects of adding and subtracting vectors and
"scaling" them by a number.

:adding vectors let see figure below two vector p, q

(A) (B)

Figure 5 show adding two vectors (A) p+q, (B) g+p



Example: let vector p (3, 2) and Q (5,-4) find p+q and drowning.
Sol. / P=3i+2j and g=5i-4j
p+q= (3i+2j) + (5i-4j) =3i+2j+5i-4j=8i-2j (in component form)

p= (3 2) and g=(5 -4) then p+q =(3 2) + (5 -4)
= (3+5) (2-4)= (8 -2) (in row vector)
Show in figure 6 the result p+q below:




neqgative vectors and subtracting vectors:

-q is a negative vector, by which we mean a vector with the same
magnitude as q but opposite direction, as shown figure 7. we are
able calculate p-q by finding p+(-q): we reverse the direction of

g and starting from Q, we then use triangle addition.

(A) (B)
Figure 7 show drawing triangle in (A) p-q (B) g-p
Example: let p(3,2) and Q(5,-4) and drowning this vectors.

Sol. / in component form or row vector

(In component form)

p=3i+2j and q=5i-4j
p-q=(3i+2j)-(5i-4j)
=3i+2j-5j+4j

=-2i+6]

(In row vector)

p=(3 2) and q=(5 -4)
p-=(3 2)-(5 -4)

= (3-5) (2+4)

= (-2 6)



Note: if we wish to determine the vector between any two point
whose coordinate are known, then we use vector subtraction.
Suppose we require the vector p(2,7) to Q(4,10): we note that
direction matters, it is PQ that we want. First we identify the
position vector OP=p and OQ=q, and then we use these to
calculate the vector PQ using triangle addition in triangle OPQ:
PQ=PO+0Q= -p+q =-(2 7)+(4 10)= (2 3). Similarly we can
show that QP=(-2 -3), which is as expected since this is the
negative of the vector PQ.

scaling Vectors:

we can scale any vectors by multiplying it by scalar number
(just a number). To scale it by 3 "we make it three times bigger
in the same direction, that is we multiply the vector by 3. that p is
(4 3) as in figure 8 we have 3p=3(4 3)=(12 9), similarly a scale
factor 1/2 in same direction (1/2)p=1/2 (4 3) = (2 1(1/2)).

A negative scale factor reverses the direction of a vector. When
the scale factor is -1, than effect is just to reverse the vector, so
that it has the same modulus but the opposite direction. If a
negative scale factor is other -1, then alters the modulus of the
vector as well. Thus referring to the same vector p in figure 8 :
(-2)p=-2(4 3)=(-8 -6) the effects of these scalings are indicated
in figure 8.

L %
10
P S T
=2 /
Ep = i
=] !
v /// I
1 I /
oy EEme
= ! | g 3
. T = —r—ile
] /
1
| ’//--/12[1/
¥ //
= S S R &

Figure 8: scaling vector.



multiplying vectors uses the "dot Product"

purpose of dot product {Direction Cosine} in computer
graphics we shall use this product as a way of finding the angle
between two vectors, and also of showing when two vectors are

perpendicular. We define their dot product by a.b=|a| |b| cos e;

where eis 0<= e <=180, and therefore to find angle between of

two vectors is :

cos e= (a.b)/ (|a] |b|)

note: if dot product =zero implies either that at least one vector is
the zero or that the vector are perpendicular.

We can easy calculating dot product a.b in 2D to two vectors a&b

is: a.b= (a1 * b1) + (a2 * b2); where a=ali + a2j & b= b1i + b2
Example: calculate the angle between the vector a=3i+5j and

b=2i+j as shown in figure 9 below:

Figure 9: example to find angle e

Sol./a.b=|a| |b|]cos e

|al= 372 +52 = 34 And |b| = 2/2+142 = 5

a.b=(al*b1) + (a2*b2) = (3*2) + (5*1) =11

Cose = (a.b)/ (|a] b)) =11/ (34 * 5) =0.8437; then ©=32.47

Note: then other multiplying vector is "cross product” this type is
used in vector in 3D. These subject is useful in reach lecture 3D.
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Figure 10: drowning of example in p-q



