
MODULE 1



Introduction to computer graphics

Computer graphics are pictures and films created using
computers. Usually, the term refers to computer
generated image data created with the help of specialized
graphical hardware and software. It is a vast and recently

developed area of computer science.



Definitions

A frame buffer (frame buffer, or 
sometimes frame store) is a portion of RAM containing 
a bitmap that drives a video display. It is a memory
buffer containing a complete frame of data.

The pixel (a word invented from "picture
element") is the basic unit of programmable colour on a
computer display or in a computer image.



Raster scan display
In a raster scan system, the electron beam is swept across
the screen, one row at a time from top to bottom. As the 
electron beam moves across each row, the beam intensity
is turned on and off to create a pattern of illuminated 
spots.

Picture definition is stored in memory area called
the Refresh Buffer or Frame Buffer. This memory area
holds the set of intensity values for all the screen points. 
Stored intensity values are then retrieved from the refresh
buffer and “painted” on the screen one row (scan line) at
a time as shown in the following illustration.



Random(vector) scan display
In this technique, the electron beam is directed only to the
part of the screen where the picture is to be drawn rather
than scanning from left to right and top to bottom as in 

raster scan. It is also called vector display, stroke-writing
display, or calligraphic display.

To display a specified picture, the system  cycles  
through  the set of commands in the display  file, 

drawing  each component line in turn. After all the  line-
drawing commands are processed, the system cycles back to
the first line command in the list.Random-scan displays are
designed to  draw all the component  lines  of  a picture 
30 to 60 times each second.



Cathode Ray Tube(CRT).
The primary output device in a graphical system is the video
monitor. The main element of a video monitor is the

Cathode Ray Tube (CRT).
Working:

1. Electron gun emits a beam of electrons (cathode rays).
2. Electron beam passes through focusing and deflection 

systems that direct it towards specified positions on 
the phosphor-coated screen.

3. When the beam hits the screen, the phosphor emits a 
small spot of light at each position contacted by the
electron beam.

4. It redraws the picture by directing the electron beam 
back over the same screen points quickly.



Colour CRT monitors.
Colour CRT Monitors. The beam penetration method for 

displaying colour pictures has been used with random-scan
monitors. Two layers of phosphor, usually red and  green, 
are coated  on to  the  inside  of  the CRT  screen, and the 
displayed colour  depends  on how  far the electron beam
penetrates into the phosphor layers.

Beam Penetration Method.
Shadow Mask Method.



LCD(Liquid crystal display) Monitor.

LCD (liquid crystal display) is the technology used for 
displays in notebook and other smaller computers. LCDs
consume much less power than LED and gas-display 
displays because they work on the principle of blocking 
light rather than emitting it.



LED(Light Emitting Diode) monitor. 

An LED monitor or LED display is a flat screen, flat panel
computer monitor or television .The actual difference 
between this and a typical LCD monitor is the backlighting. 
The first LCD monitors used CCFL instead of LEDs to 
illuminate the screen.



TOPICS:
 Scan conversion of line
 DDA algorithm of line drawing
 Scan conversion of circle
 Bresenham's circle generating algorithm 

Polygon filling
 Scan line polygon filling algorithm 



 You know that a line in computer graphics typically refers to a line 
segment, which is a portion of a straight line that extends indefinitely 
in opposite directions. You can define a line by its two end points and 
by the line equation y = mx + c, where m is called the slope and c the y 
intercept of the line. Let the two end points of a line be P1(x1, y1) and 
P2(x2, y2). The line equation describes the coordinates of all the 
points that lie between the two endpoints.

 A simple approach to scan convert a line is to first scan convert P1 
and P2 to pixel coordinates (x1’, y1’) and (x2’, y2’) respectively. Then 
let us set m = (y2’- y1’)/(x2’- x1’) and b = y1’-mx1’. Find |m| and if |m| ? 
1, then for every integer value of x between and excluding x1’ and x2’, 
calculate the corresponding value of y using the equation and scan 
convert (x, y). If |m| >1, then for every integer value of y between and 
excluding y1’ and y2’, calculate the corresponding value of x using the 
equation and scan convert (x, y).



 Step 1 :Get the input of two end   
points (X0,Y0)(X0,Y0) and (X1,Y1)(X1,Y1).

 Step 2 :Calculate the difference between two end points.
 Step 3 :Based on the calculated difference in step-2, you 

need to identify the number of steps to put pixel.              
If  dx > dy, then you need more steps in x  
coordinate;  otherwise in y coordinate.

 Step 4 :Calculate the increment in x coordinate and y 
coordinate.

 Step 5 :Put the pixel by successfully incrementing x and y 
coordinates accordingly and complete the drawing       
of  the line.



Converting the unbroken graphical object as a group of
distinct objects is called as scan conversion. In the process
of “scan –converting a circle”, the circle is divided into
eight equal parts, one part is called as octant, and if one
part is generated, then it is easy to replicate the other
seven parts; so computing one octant is enough to
determine the complete circle.



Figure to represent the eight-way of Symmetry of circle
Techniques used to compute octant
• Digital Differential analyzer (DDA)
○ Direct or polynomial approach – second degree polynomial equation is used to 
form the circle octant.
○ Parametric or Trigonometric approach – parametric polar representation is 
used to form the circle octant.
• Bresenham's Algorithm – This algorithm can form the entire circle; to avoid 
time of calculation one octant is computed and symmetry is used to form the 
other seven octants.
• Mid-point Circle algorithm – It is better than polynomial and parametric 
approach; it adopts integer operation and so avoids trigonometric and square 
root calculations.



Bresenham’s Algorithm:

We cannot display a continuous arc on the raster display.

Instead, we have to choose the nearest pixel position to
complete the arc.
From the following illustration, you can see that we have put
the pixel at (X, Y) location and now need to decide where to
put the next pixel − at N (X+1,Y) or at S (X+1,Y-1).



We cannot display a continuous arc on the raster display. Instead, 
we have to choose the nearest pixel position to complete the arc.
From the following illustration, you can see that we have put the 
pixel at (X, Y) location and now need to decide where to put the 
next pixel − at N (X+1, Y) or at S (X+1, Y-1).

Bresenham’s  circle  generating Algorithm:



Algorithm:

Step 1 : The coordinates of the circle such as centre and radius are 
obtained and are stored in in x, y, and R respectively. Set 
P=0 and Q=R.

Step 2 : Set decision parameter D = 3 – 2R.
Step 3 : Repeat through step-8 while X < Y.
Step 4 : Call Draw Circle (X, Y, P, Q).
Step 5 : Increment the value of P.
Step 6 : If D < 0 then D = D + 4P + 6.
Step 7 : Else Set Y = Y - 1, D = D + 4(P-Q) + 10.
Step 8 : Call Draw Circle (X, Y, P, Q).



 An ordered list of vertices forms a polygon.
The pixels that fall on the border of the
polygon are determined and the pixels that
fall inside are determined in order to colour
the polygon.



The polygon edges are being intersected with the scan line by
Scan Line Algorithm. The polygon is filled with colours in
between the intersecting pairs.



 Step 1: Find out the Ymin and Ymax from the given
polygon.

 Step 2: From each edge of the polygon from Ymin to
Ymax, all the edges are intersected by Scan
line. Each of the points of intersection are
named as p0, p1, p2, p3.

 Step 3: Sort the intersection point in the increasing
order of X coordinate i.e. (p0, p1), (p1, p2),
and (p2, p3).

 Step 4: Fill all those pair of coordinates that are inside
polygons and ignore the alternate pairs.



Two dimentional transformation

Translation

Scaling

Homogeneus co-ordinates

Reflection



Two dimentional transfermation
 Transformation means changing some graphics into 

something else by applying rules. We can have various 
types of transformations such as translation, scaling 
up or down, rotation, shearing, etc. When a 
transformation takes place on a 2D plane, it is called 
2D transformation.

 Transformations play an important role in computer 
graphics to reposition the graphics on the screen and 
change their size or orientation.



Translation
 A translation moves an object to a different position on the 

screen. You can translate a point in 2D by adding 
translation coordinate (tx, ty) to the original coordinate (X, 
Y) to get the new coordinate (X’, Y’).

 From the above figure, you can write that −
 X’ = X + tx

 Y’ = Y + ty

 The pair (tx, ty) is called the translation vector or shift 
vector. The above equations can also be represented using 
the column vectors.

 $P = \frac{[X]}{[Y]}$ p' = $\frac{[X']}{[Y']}$T = 
$\frac{[t_{x}]}{[t_{y}]}$

 We can write it as −
 P’ = P + T



Scaling

 To change the size of an object, scaling transformation is used. In the 
scaling process, you either expand or compress the dimensions of the 
object. Scaling can be achieved by multiplying the original coordinates 
of the object with the scaling factor to get the desired result.

 Let us assume that the original coordinates are (X, Y), the scaling 
factors are (SX, SY), and the produced coordinates are (X’, Y’). This can 
be mathematically represented as shown below −

 X' = X . SX and Y' = Y . SY

 The scaling factor SX, SY scales the object in X and Y direction 
respectively. The above equations can also be represented in matrix 
form as below −

 $$\binom{X'}{Y'} = \binom{X}{Y} \begin{bmatrix} S_{x} & 0\\ 0 & S_{y} 
\end{bmatrix}$$

 OR
 P’ = P . S



Homogeneus co-ordinates
 To perform a sequence of transformation such as translation 

followed by rotation and scaling, we need to follow a sequential 
process −

 Translate the coordinates,
 Rotate the translated coordinates, and then
 Scale the rotated coordinates to complete the composite 

transformation.
 To shorten this process, we have to use 3×3 transformation 

matrix instead of 2×2 transformation matrix. To convert a 2×2 
matrix to 3×3 matrix, we have to add an extra dummy coordinate 
W.

 In this way, we can represent the point by 3 numbers instead of 2 
numbers, which is called Homogenous Coordinate system. In 
this system, we can represent all the transformation equations in 
matrix multiplication. Any Cartesian point P(X, Y) can be 
converted to homogenous coordinates by P’ (Xh, Yh, h).



Reflection

 Reflection is the mirror image of original object. In 
other words, we can say that it is a rotation operation 
with 180°. In reflection transformation, the size of the 
object does not change.

 The following figures show reflections with respect to 
X and Y axes, and about the origin respectively.



MODULE 4

window to wiewport transfermation

Clipping

line clipping

cohan-sutherland line clipping

polygon clipping

sutherland–gray hodgman polygon

clipping algorithm



Window to wiewport transfermation

 The window-to-viewport mapping is a 

process of transforming or mapping the 

two dimensional or world coordinate 

view into device coordinate. The object 

which is available inside of the clipping 

window or world is mapped into the 

viewport and is displayed on the 

interface window screen, or the clipping 

window selects the piece of the scene 

from the display and view port positions 

it in the output device.



Clipping

 The primary use of clipping in computer 

graphics is to remove objects, lines, or 

line segments that are outside the 

viewing pane. The viewing 

transformation is insensitive to the 

position of points relative to the viewing 

volume − especially those points behind 

the viewer − and it is necessary to 

remove these points before generating 

the view



Line clipping

 The concept of line clipping is same as point 

clipping. In line clipping, we will cut the 

portion of line which is outside of window and 

keep only the portion that is inside the 

window



cohan-sutherland line clipping

 This algorithm uses the clipping window as 

shown in the following figure. The minimum 

coordinate for the clipping region 

is (XWmin,YWmin)(XWmin,YWmin) and the 

maximum coordinate for the clipping region 

is (XWmax,YWmax)(XWmax,YWmax)

 We will use 4-bits to divide the entire region. 

These 4 bits represent the Top, Bottom, 

Right, and Left of the region as shown in the 

following figure. Here, the TOP and LEFT bit 

is set to 1 because it is the TOP-LEFT corner



Picture representation



polygon clipping

 A polygon can also be clipped by specifying 
the clipping window. Sutherland Hodgeman
polygon clipping algorithm is used for 
polygon clipping. In this algorithm, all the 
vertices of the polygon are clipped against 
each edge of the clipping window.

 First the polygon is clipped against the left 
edge of the polygon window to get new 
vertices of the polygon. These new vertices 
are used to clip the polygon against right 
edge, top edge, bottom edge, of the 
clipping window



Sutherland–gray hodgman polygon

clipping algorithm

Algorithm

 Step 1 − Assign a region code for each endpoints.

 Step 2 − If both endpoints have a region code 0000 then 
accept this line.

 Step 3 − Else, perform the logical ANDoperation for both 
region codes.

 Step 3.1 − If the result is not 0000, then reject the line.

 Step 3.2 − Else you need clipping.

 Step 3.2.1 − Choose an endpoint of the line that is outside 
the window.

 Step 3.2.2 − Find the intersection point at the window 
boundary (base on region code).

 Step 3.2.3 − Replace endpoint with the intersection point 
and update the region code.

 Step 3.2.4 − Repeat step 2 until we find a clipped line either 
trivially accepted or trivially rejected.



MODULE 5



Different colour models.
A colour model is an orderly system for creating a 
whole range of colours from a small set of primary 
colours. There are two types of color models, 
those that are subtractive and those that are 
additive. • Additive color models use light to 
display color while subtractive models use printing
inks.Colors perceived in additive models are the 
result of transmitted light. Colors perceived in 
subtractive models are the result of reflected light.



RGB(RED,GREEN,BLUE)

There are several established color models used in 
computer graphics, but the two most common are 
the RGB model (Red-Green-Blue) for computer 
display. RGB is an additive color model For 
computer displays uses light to display color,Colors
result from transmitted light • 

Red + Green + Blue = White



CMY(CYAN,MAGENTA,YELLOW).

Printers produce color by reflective light so it is a 
subtractive process and uses a model based on the
colors: Cyan, Magenta, Yellow

cyan = green + blue
So red is absorbed by cyan. Similarly magenta 
subtracts green and yellow subtracts blue.



YIQ

YIQ model is used for US TV broadcast. This model
was designed to separate chrominance (I and Q) 
from luminance (Y). This was a requirement in the
early days of color television when black-and-white
sets still were expected to pick up and display what 
were originally color pictures.


