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3.1 INTRODUCTION: 

In this unit, we will learn some fundamental aspects of Graphics 
software. we will learn about their features, uses, and types. we will 
learn on what kind of files the graphics software deals in. we will able 
to learn on what basis this software is classified , what are they, what 
are the advantages and disadvantages of Raster files and Vector files, 
what are the various graphics standard available, why it came. we will 
able to learn about the various  output primitives and their attributes. 
We will able to answer about the objectives behind the development 
of various graphics standard like GKS, PHIGS, PHIGS+, basic parts 
of these graphics package. We will discuss about various standard 
graphics functions like- Polylines, Polymarkers, FillArea, Text, 
CellArray, etc. we will able to learn different graphics functions use 
in programming language like C and C++ with their purpose of use, 
syntax and with examples. We will also discuss about CAD and its 
advantages.  

3.2 OBJECTIVES 

The main objectives behind this chapter are to introduce you about   

 what is graphics software?  
 What are its applications?  
 What are the various types of graphics software and on what 

types of files graphics software works or deals with?  
 Here we will also discuss about the most popular graphics 

software available in the market and what is its purpose.  
 We will also discuss about graphics standards how it came, 

what are the most popular graphics standard.  
 We will also discuss about GKS, PHIGS and PHIGS+, 

advantage and disadvantages of these packages.   
 Lastly we will also discuss about some graphics functions and 

it use. 

3.3 GRAPHICS SOFTWARE: 

 Graphics are any image media, usually pictures or movies that 
are produced through the help of computer hardware and software. So 
the software which is been used to create, display and edit computer 
graphics are called Graphics Software. These softwares are used to 
manage two-dimensional photos, logos, web graphics, clip art, or any 

other digital images. These 
softwares mainly provide tools 
to create the digital images. 
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3.3.1 FEATURES OF 
GRAPHICS SOFTWARE: 

Graphics Software features 
includes- 

1. Photo editing: With 
the help of graphics 
software we can edit 
an existing image or 
enhance it as per our 
requirements. 

2. Advanced font 
options: We can enter 
text to graphics file 
and then give different 
font style to it. 

3. Freehand drawing: It 
provides tools to create 
our own model or 
figures. 

4. High quality 
templates: It provides 
high quality templates 
that are very helpful 
for a graphics designer 

5. Art brushes: Special 
brushes like airbrush 
can be used to draw a 
picture or form an 
image with a different 
paint effect. 

6. Clip art: It has a built-
in library of clipart 
pictures. 

7. Zooming: It provides 
us the tool to zoom to 
a particular position of 
the image and see its 
details. 

8. 3D capabilities: It 
provides us the feature 
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to create and design 3D model and figures. 
9. Exporting and importing file: It has the feature to create a 

graphics file and then export that file to an application 
program. It also has the features of importing a file to graphics 
software or package. 

3.3.2 EXAMPLES OF GRAPHICS SOFTWARE 

Software like MS Word, MS Excel and database programs 
also support graphics but in a limited way what they can do with the 
graphics. Like MS Word, one can draw simple line art or display 
images alongside text. Spread sheet programs can be used to form 
graphs and charts. But this software will give us the full ability to edit 
graphics in detail. 

 Some of the most popular graphics editors software are :- 
Adobe Photoshop, Illustrator, Paint shop Pro, Corel Draw, Adobe 
Lightroom, Digital image suite, etc. 

3.3.3 USE OF GRAPHICS SOFTWARE? 

The following are the applications of graphics software:- 
1. Editing & Sharing digital photos 
2. Creating logos 
3. Drawing and modifying clip art 
4. Creating digital fine art. 
5. Creating Web Graphics 

Space for Learners Notes 
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6. Designing advertisements and product packaging 
7. Touching up scanned photos 
8. Drawing maps or other complex diagrams 
9. Editing video in Photoshop or 3D drawing in Illustrator. 

 
CHECK YOUR PROGRESS 

1. What is Graphics software? 
 

2. What are the features of Graphics software? 
 

3. Give some example of Graphics software. 
 

4. What are the applications of Graphics software? 
 

5. What are the use of art brushes? 

 

3.3.4  TYPES (CLASSIFICATION) 

There are mainly two general classification of graphics software:- 
1. General Programming Packages 
2. Special purpose application packages. 

Features of Graphics Packages:  

3.3.4.1  GENERAL PROGRAMMING PACKAGES: 

It provides an extensive set of graphics functions that can be 
used in a high level programming languages, like C, C++, PASCAL 
and FORTRAN. Some of the common graphics programming 
packages include GKS, PHIGS, PHIGS+, 3D GKS, and Graphics 
Library (GL) system of silicon graphics equipment. Graphics 
packages require co –ordinates specification to be given with respect 
to Cartesian reference frames. Each object of a scene can be defined 
in a separate modeling Cartesian coordinate system, which is firstly 
mapped to a world, coordinates in order to construct the scene, and 
then from the world coordinate, objects are transferred to normalized 
device coordinates and finally to display device coordinates.  
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3.3.4.1 .1 FUNCTIONS OF 
GENERAL 
PROGRAMMING 
PACKAGES: 

Following are the main 
functions of general 
programming packages- 

i. Generating picture 
components (like 
straight lines, 
polygons, circles, oval 
ellipse and other 
figures)  

ii. Setting color and 
intensity values 

iii. Setting views 
iv. Applying transform 

actions. 

3.3.4.1.2  TAXONOMY OF 
THE PRINCIPAL 
FEATURE OF GRAPHICS 
PACKAGES: 

a. Graphical Output: 
b. Attributes 
c. Geometric and 

modeling 
transformations 

d. Transformations and 
Viewing 

e. Structure operations 
f. Input functions 
g. Control operation 

a. Graphical output: 
Graphics package provides 
a small number of 
graphical output primitives 
like- Polyline, Polymarker, 
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text, fill area, cell array, and generalized drawing primitives. 
b. Attributes: Each output primitives has some number of attributes 

like- color, thickness, height, width, etc. For e.g. the line have the 
attributes of thickness, height, width, color.  

c. Structuring the Model: Structure elements are grouped to form a 
named list called structures and a special structure element may 
be used to define link between structures to create a hierarchical 
network structure. 

d. Editing the model: When a model has been defined, it may be 
interactively edited by inserting and deleting structure elements 
and deleting the entire structures. Changes made to the definition 
of the model are automatically reflected in the display image. 

e. Transformations and viewing: A complex model is built up 
from simpler components that may be independently using the 
most appropriate co-ordinates systems, which are known as 
modeling coordinates, and are combined together using modeling 
transformations to create the overall picture in world coordinates. 
To display a 3D picture on a workstation, PHIGS provide a 
general purpose mechanism for creating parallel and perspective 
views, including all the views in common use in Computer Aided 
Design (CAD). 

Space for Learners Notes 
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f. Graphical Input: Standard graphic package provides a number 

of facilities for the user to provide a graphical input to application 
program, using essentially the same model of logical input 
developed for GKS. Six types of logical input devices like locator, 
stroke, choice, pick, string and valuator, each of which may be 
used in several styles, using request, sample and event modes. 

g. Model and picture storage: Structure network may be stored and 
retrieved using archive files that are extended to PHIGS. 2D 
images may be stored on meta files. 

3.3.4.2 SPECIAL PURPOSE APPLICATION PACKAGE: 

 They are designed for non-programmers, so that user needs 
not to worry about the internal knowledge of how they function. They  
provide the user interface to communicate with the program in their 
own style. 
 E.g.: Artist painting programs, business CAD system, 
graphing packages, and visualization programs 

3.4 TYPES OF FILES GRAPHICS SOFTWARE DEAL WITH: 

1. Raster files 
2. Vector files 

3.4.1 RASTER FILES: 

 Raster files use a matrix of pixels to form an image. The 
pixels or dots are created at a certain size, so enlarging the image can 
make its appearance blur and by shrinking, it can erase important 
details.  
Raster files are usually best for photographs or complex images, as 
long as they do not need to be sized very often. Common raster 
graphic file formats include BMP (bitmap), JPEG (Joint 
Photographic Expert), TIFF (Tagged Image File Format) and GIF 
(Graphic Interchange Format) 

 BMP are resolution dependent and support 24-bit color 
 JPEG are compressed and sacrifice image quality in 

exchange for a reduction in image size. 
 GIFS display up to 256 colors, feature build-in compression, 

and work with most web browsers. 
 TIFFs are use with high resolution images. 

 Graphics software 
like Microsoft paint, 
Adobe Photoshop, PC 
paintbrush and 
Paintshop Pro works 
on Raster files. 
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3.4.1.1 ADVANTAGES OF 
RASTER FILES 

1. Here individual pixels 
can be modified 
which helps in editing 
the picture to a greater 
extend. 

2. Raster files are best 
for photographs or 
complex images. 

3.4.1.2  DISADVANTAGES 
OF RASTER FILES 

1. Enlarging the image 
can make it blur and 
shrinking the image 
lead to the loss of 
important details in 
the image. 

2. Individual part of an 
image cannot be 
resized only the 
whole image can be 
resized. 

3. Here information of 
every pixel has to be 
stored so it uses larger 
amounts of backing 
storage space. 

3.4.2 VECTOR FILES: 

 Vector files uses 
mathematical equations to 
determine how certain 
elements should be placed 
within the design. By using 
these equations, it allows 
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vector graphics to be scaled up or down without losing clarity. Vector 
graphics software is used in application designed to perform digital 
diagramming or CAD. Vector graphics software includes- Adobe 
Illustrator, CorelDraw and Inkspace.  
 E.g. of vector graphics file formats are DXF (Data Exchange 
Format) and WMF (Windows Meta File), Micrographix Designer. 

3.4.2.1 ADVANTAGES OF VECTOR FILES 

1. They use less memory space than bitmap graphics. 
2. Each part of an image is treated as a separate object so it can be 

easily modified. 

3.4.2.2  DISADVANTAGES OF VECTOR FILES 

1. It does not look as realistic as bitmap image or as Raster files. 
2. Not suitable for complex graphics display. 
3. Rasterization required for display. 
 

Space for Learners Notes 
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CHECK YOUR  PROGRESS 

 
6. What are the types Graphics Software can be classified? 
7. What are the types of files the Graphics Software deals with? 
8. Give some common file formats of Raster files. 
9. Write one application of Vector Graphics Software. 
10. What are the advantage and disadvantage of Raster Files? 
11. What are the advantage and disadvantage of Vector Files? 

 

3.5  SOFTWARE STANDARDS: 

 Without standards, programs designed for one hardware 
system often cannot be transferred to another system without 
extensive re-writing of the programs. So, in order to overcome the 
above problems, graphics software packages are designed with 
standards graphics functions, so that software can be moved easily 
from one hardware system to another and used in different 
implementations and applications. 
 International and national standards planning organizations in 
many countries came together and put on effort and led to the 
development of Graphical Kernel System (GKS). This system was 
adopted as first graphics software standards by the International 
standards Organization (ISO) and by various national standards 
organizations, including (ANSI) American Standards Institute. GKS 
was originally designed as a 2D graphics package and later on a 
three- dimensional GKS extension was subsequently developed. 
 The second software standards to be developed and approved 
by the standard organization was PHIGS (Programmer’s 
Hierarchical Interactive Graphics Standard), which is extension of 
GKS. Another extension of PHIGS was developed which is PHIGS+ 
that provide 3D graphics package. 

3.5.1 GKS (GRAPHICS KERNEL SYSTEM) 

 The Graphic Kernel System is an international standard for 
graphics files that defines how the graphics are handled by the 
graphics software. It allows us to create computer graphics files and 
then move it to a different computer platform or software. 

3.5.1.1 OBJECTIVES BEHIND THE DEVELOPMENT OF GKS  

1. To control all types of 
graphics devices like – 
Plotters and display 
devices in an efficient 
manner. 
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2. To provide the 

complete range of 
graphical facilities in 
2D, including the 
capabilities to interact. 

3. To provide a better 
algorithm. 

4. To make system 
portable. 

5. To avoid the rewriting 
of the code. 

6. To assist in the 
learning of graphics 
system by application 
programmers. 

3.5.1.2  FEATURES OF 
GRAPHICS KERNEL 
SYSTEM 

 GRAPHICS 
FUNCTIONS:  It 
provides graphics 
function  to draw 2D 
and 3D model 

 DEVICE 
INDEPENDENCE:  It 
does not assume that 
the input and output 
devices have any kind 
of restrictions or 
features 

 DISPLAY 
MANAGEMENT: It 
provides a complete 
suite of display 
management functions. 

 TEXT or 
ANNOTATIONS: All 
the text or annotation s 
are in natural 
languages like English. 
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3.5.1.3 LAYER MODEL OF GRAPHICS KERNEL SYSTEM 

 
Fig 3.1 

3.5.1.4 BASIC PARTS OF GKS 

The GKS consist of three basic parts:- 
1. The casual exhibition of the substances of the standard which 

is placed, how polygonal area are to be filled and so on. 
2. Formalization of the expository material in (1) by way of 

abstraction the ideas into discrete functional descriptions. These 
functional descriptions contain such information as descriptions 
of input and output parameter, precise description of the effect 
each function should have, reference into the expository material 
in (1) and a description of error conditions. The functional 
descriptions in this section are language independent. 

Space for Learners Notes 
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3. Language bindings. These are an implementation of the 

abstract functions described in (2) in a specific computer 
language like C, FORTRAN, etc. 

3.5.1.5   ADVANTAGES OF GKS 

1. It makes the system portable. 
2. It saves time as rewriting of code is not required. 
3. It provides improve algorithm. 

3.5.1.6  GKS PRIMITIVES  

The GKS primitives are: Polyline, Polymarker, Text, Fill-area. 

CHECK YOUR PROGRESS 
 

12. What do you mean by software standards and what are 
its needs? 

13. What is GKS?  What are its objectives? 
14. Write the features of GKS. 
15. What are the basic parts of GKS? 
16. What are the advantages of GKS? 

 

3.5.2  PHIGS (PROGRAMMER’S HIERARCHICAL 
INTERACTIVE GRAPHICS STANDARD) 

It is the second standard to be developed after the GKS. PHIGS is the 
extension of GKS which provides 3D graphics package. PHIGS 
includes some additional functions for object Modeling, color 
specification, Surface Rendering, Picture manipulation.  

 PHIGS acts as a device independent interface between the graphics 
subsystem and the applications program like GKS. It provides 
specifications for basic graphics functions. It does not provide a 
standard method for storing and transmitting images or pictures. It 
provides functions for application modeling using 3D interactive 
computer graphics. It gives the ability to construct models that have a 
hierarchical logical structure and to create pictures o f a model or 
design for the programmer to interact. The model may be developed 
in a modular fashion, using either top-down or bottom up approach. 
Since the design is modular, parts of the model may be manipulated 
independently by other parts. Data may be shared by defining 

structures that are instanced 
by other structures. It defines 
as set of functions and data 
structure for the graphics 
programmer to manipulate and 
display 3D graphics objects. 
Like GKS, PHIGS also  
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attributes, the workstation 
concept and the viewing and 
input model. 

3.5.2.1   FACILITIES OF 
PHIGS 

The PHIGS has the following 
facilities- 

1. To create and edit 
hierarchical 
application model. 

2. It has the facility of 
device independent. 

3. It can perform real-
time manipulation of 
pictures and their 
underlying models. 

4. It has the facility of 
graphical interactions. 

5. Pictures and images 
can be stored on an 
offline storage device. 
 

3.5.3   PHIGS+  

PHIGS+ is the extension of 
PHIGS having additional 
functionality of providing 
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three dimensional surface shading capabilities that was absent in 
PHIGS. It has the capability to render illuminated scenes. It also has 
the additional methods for lighting 3D scenes. 
 PHIGS+ has the following extensions – 
 It has some additional output primitives for curves and surfaces in 

2D and 3D, including triangle net, quadrilateral mesh, and non-
uniform rational B-spline curves and surfaces. 

 It has illumination and shading for controlling the way in which 
output primitives are rendered; ambient, diffuse, specular and spot 
light sources are provided, and various shading methods, 
including those of Gouraud and Phong, the application may also 
define colours (representing extra data) to be interpolated across 
surfaces in conjunction with colours resulting from illumination 
calculations. 

Space for Learners Notes 
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 It does not produce image that are indistinguishable from 
photographs of real scenes or photorealistic images and hence it 
has no facilities for transparency and shadows, or reflections 
between objects in a scene. 

3.5.4   PHIGS WORKSTATIONS 

Workstations are a computer system mainly designed for a single user 
with several input and output devices. In GKS and PHIGS, it is used 
to identify the various combinations of graphics software and 
hardware. A PHIGS workstation can be a single input device, an 
output device, combination of both input and output devices, a file, or 
a window display on a video monitor.  
 The following statement gives a general structure of a PHIGS 
function. 
 openPhigs (errorFile, memorySize) 
 openWorkstation (ws, connection, type) 
{ 
 Create and display pictures 
} 
closeWorkstation (ws) 
closePhigs 
   Where parameter errorfile is to contain any error message that are 
generated and memorySize specifies the size of an internal storage 
area. The workstation identifier is given in parameter ws, and 
parameter connection states the access mechanism for the 
workstation, such as an input device, an output device, a combination 
of output and input device, or an output or an input metafile. Many 
workstations can be open in a particular application, with input 
coming from various open input devices and output directed to all the 
open output devices.   

CHECK YOUR PROGRESS 
17. Define PHIGS. 
18. What are extra features that are available in PHIGS as 

compared to GKS? 
19. What are the facilities available in PHIGS? 
20. What additional functionality does PHIGS+ have? 

3.6   OUTPUT PRIMITIVES 

 In pictures are 
considered to be 
constructed from a 
number of basic 
building block called 
primitives. 
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 The functional set of 
primitives has the word 
names POLYLINES, 
POLYMARKER, 
FILLAREA, TEXT and  

 CELLAREA, even though 
a few implementations 
widen this basic set. 

3.7   STANDARD 
GRAPHICS FUNCTIONS 

Standard Graphics functions 
are defined as a set of 
specifications that is 
independent of any 
programming language. A 
language binding is then 
defined for a particular high 
level programming language. 
This binding gives the syntax 
for accessing the various 
standard graphics functions 
from this language. Graphics 
function can be divided into 
the following categories: 
Output primitives, attributes, 
geometric and modeling 
transformations, viewing 
transformations, structure 
operations, input functions 
and control operations. 

3.7.1  POLYLINES:  

The function for drawing 
line segments is called 
‘POLYLINE’. The 
POLYLINE command 
takes an array of X-Y co-
ordinates and creates line 



Block I (Unit 3: GRAPHICS SOFTWARE)  

INF2046: Computer Graphics and Multimedia  

segments joining them. The elements that are organize the look of 
a POLYLINE are- 
a. Line Type:    Solid, dotted or dashed. 
b. Line width scale factor: thickness of the line 
c. Polyline color index:  color of the line 

In PHIGS, GKS and some other graphics packages, the two 
dimension line function is – 
 Polyline (n, Wcpoints) where the parameter n is an assigned 
integer number equal to the number of coordinate positions to be 
input an Wcpoints is the array of input world coordinates values of 
the line segment endpoints. This function is used to define a set of (n-
1) connected straight line segment. In order to display a single 
straight line segment, we set n=2 and list the x and y values of the two 
endpoint coordinates in wcPoints. 
E.g. the following statements will generate two connected line 
segments, with endpoints at (100, 100), (200, 280), and (280, 100) 
 wcPoints.x [1] =100; 
 wcPoints.y [1] =100;  
 wcPoints.x [2] =200; 
 wcPoints.y [2] =280; 
 wcPoints.x [3] =280; 
 wcPoints.y [3] =100; 
 polyline (3, wcPoints); 
The polyline procedure is implemented by accomplishing first 
performing a series of coordinate transformations, then making a  
 

Space for Learners Notes 
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sequence of calls to a device-level line drawing routine. In PHIGS, 
the input line endpoints are actually specified in modeling 
coordinates, which are then converted to world coordinates, the world 
coordinates are then converted to normalized coordinates and finally 
to device coordinates. 

 

Fig: 3.3 

3.7.2 POLYMARKERS: 

The ‘POLYMARKER’ function permits to draw symbol of marker 
centered at co-ordinates points. This features that control the look of 
‘POLYMARKER’ are- 

a. Marker size scale factor:   Size of marks 
b. Marker Characters:          dot, plus, asterisk, circle or cross 
c. Polymarker color index:  color of the marker. 

 
POLYMARKER (N, XPTS, YPTS) 

 

Fig: 3.4 

The function polymarker (n, wcPoints) where the parameter n is an 
assigned integer number equal to the number of coordinate positions 
to be input an Wcpoints is the array of input world coordinates values 
of the line segment endpoints just same like  polyline function. This 

function places a designated 
character, called a marker 
symbol, at one or more 
selected positions. 
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3.7.3 FILLAREA: 

The FILLAREA function 
permits to denote a polygonal 
shape of a zone to be filled 
with various interior shapes. 
The features that control the 
look of fill area are- 

a. FILLAREA interior  
style: solid color, 
hatch pattern 

b. FILLAREA style index: 
  
 horizontal 
lines, vertical lines, left 
slant lines, right slants 
lines, horizontal and 
vertical lines of left 
slant and right slant 
lines. 

c. FILLAREA color 
index:  color of 
the fill pattern/solid 
areas. 

The function fillArea (n, 
wcVertices) defines a polygon 
fill area with n number of 
vertices specified in world 
coordinates array wcVertices. 
The fillAreaset ( ) function 
allows a series of polygons to 
be displayed by specifying the 
list of vertices for each 
polygon. 
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Fig: 3.5 
 

3.7.4 TEXT: TEXT(X, Y, String)   The GKS text function allow us 
to draw a text string at a specified coordinate position. The attributes 
that control the appearance of text area are- 

a. Text font and precision:   It specifies what text font should be 
used for the characters and how precisely their representation 
should adhere to the settings of the other text attributes. 

b. Character expansion factor: It controls the height: width ratio 
of each plotted character. 

c. Character spacing:  It specifies how much additional white 
space should be inserted between characters in a string. 

d. Text color index: It specifies what color the text string should 
be. 
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e. Character height: It specifies the height of the characters. 
f. Character up vector:  It specifies the angle of the text. 
g. Text path:   It specifies the direction of the text.( right, left, up, 

down) 
h. Text alignment: Vertical and horizontal centering options for 

the text string. 
 

The function text (wcPoints, string) displays a specified character 
string. World coordinates position wcPoints specifies a reference 
point for displaying the string according to the attributes settings. 

 

  

Fig: 3.6 

3.7.5 CELL ARRAY:  

The CELL ARRAY function shows raster like pictures in a device 
autonomous manner. The CELL ARRAY function takes two corner 
points of a rectangle that indicates a number of partitions (M) in the X 
direction and a number of partitions (N) in the Y direction. Next it 
partitions the rectangle into MXN sub rectangles noted as cells. 

The function cellArray 
( wcPoints, M, N, colorArray) 
allows a user to display an 
arbitrary shape defined as a 
two- dimensional grid pattern. 
It maps an M by N color array 
onto a rectangular area, whose 
coordinates limits are 
specified in array wcPoints). 
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Fig: 3.7 

3.7.6  CURVE 
FUNCTIONS: 

The PHIGS standard does not 
provide  explicit functions for 
the curves, but it includes the 
this general curve function: 
 generalizedDrawingPri
mitive (n, wcPoints, id, 
datalist) where wcPoints is a 
list of n coordinate positions, 
datalist contains non co-
ordinates data values, and 
parameter id selects the 
desired function. A circle 
might be referenced with id=1, 
an ellipse with id=2, and so 
on. 
 

CHECK YOUR PROGRESS
21. What are the standard Graphics function?
22. Give some examples of standard graphics functions.
23. What is the use of Polymarker function?
24. What is the use of FillArea function?
25. What is the use of Polyline function?
26. what is the use of text function? 
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3.8  PROPERTIES OF GRAPHICS PACKAGES 

1. It provides the users with a variety of functions for creating 
and manipulating images. 

2. Output primitives: Output primitives are the basic building 
blocks to create a picture or image. 

3. Attributes: Attributes are the properties for the output 
primitives like width line, size, color, etc.  

4. Geometric Transformation: We can change the size,        
position and orientation of Graphics object. 

5. Modeling transformations: we can use this to construct a 
scene. 
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6. Viewing transformations: We can use this to select a view of 

scene, the type of projection to be used and the location where 
the view is to be displayed. 

7. Input functions: We can use this to control and process the 
data flow from these input devices like mouse, tablet, joystick, 
etc. 

3.9  GRAPHICS FUNCTIONS IN C AND C++ 
PROGRAMMING LANGUAGE 

1. Line ( ): line function is use to draw line on the monitor 
screen. 
Syntax: line(x1, y1, x2, y2); 

 E.g.: line (100,100,300,300); 
2. Circle ( ): circle function is used to draw a circle on the 

monitor screen. 
Syntax: circle(x, y, radius); where ‘x’ and ’y’ are the x-
coordinates and y coordinates. 
E.g.: circle (400, 400, 80); 

3. Rectangle ( ): rectangle function is used to draw the rectangle 
on the screen. 
Syntax: rectangle(x1, y1, x2, y2); where x1, y1 are the lower 
left co-ordinates and x2, y2 are the upper right co-ordinates of 
the rectangle to be drawn on the monitor screen. 
E.g.: rectangle (100,100,300,300); 

4. Ellipse ( ): ellipse function is use to draw an ellipse on the 
monitor screen. 
Syntax: ellipse (x, y, starting angle, ending angle, xradius, 
yradius); 
E.g.: ellipse (100, 100, 90, 250, 30, 35); 

5. Putpixel ( ): putpixel function is use to draw the pixel on the 
monitor screen. 
Syntax: putpixel (x co-ordinate, y co-ordinate, COLOR); 
 E.g.: putpixel (200, 300, RED); 

6. Getpixel ( ): getpixel function returns the color of a specified 
pixel. 
Syntax: getpixel (x, y); 
E.g.: getpixel (200,200); 

7. Setcolor ( ): setcolor is to set color of objects which is to be 
drawn just after this setcolor line. 
Syntax: setcolor (COLOR); 
E.g.: setcolor (GREEN); 

8. Setbkcolor ( ): 
setbkcolor function is 
used to set background 
color of the screen. 
Syntax: setbkcolor 
(COLOR); 
E.g.: setbkcolor 
(GREEN); 
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9. Setlinestyle ( ): 

setlinestyle function is 
use to set the current 
line style, width and 
pattern. 
Syntax: setlinestyle 
(linestyle, pattern, 
thickness); 
E.g.: setlinestyle 
(SOLID_LINE, 1, 3); 

10. Initgraph ( ): 
Initgraph function 
initializes the graphics 
system by loading a 
graphics driver from 
disk and putting the 
system into graphics 
mode. 
Syntax: Initgraph 
(&gdriver, 
&gmode,”PATH to the 
BGI folder”); 
E.g.: Initgraph (&gd, 
&gm,”C:\\turboc\\bgi”
); 

11. Closegraph ( ): 
Closegraph function 
shut down the graphic 
system. 
Syntax: closegraph ( ); 

 E.g.: closegraph ( ); 
12. Textheight ( ): 

textheight function 
returns the height of 
the string in pixels. 
Syntax: textheight 
(STRING); 
E.g.: h=textheight 
(“COMPUTER”); 

13.  Textwidth ( ): 
textwidth function 
returns the width of the 
string in pixels. 
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Syntax: textwidth (STRING); 
E.g.: w= textwidth (“COMPUTER”); 

14. Getx ( ): getx function returns the current position of the x- 
coordinate. 
Syntax: getx ( ); 
E.g.: x=getx ( ); 

15. Gety ( ): getx function returns the current position of the y- 
coordinate. 
Syntax: gety ( ); 
E.g.: x=gety ( ); 

16. Getmaxx ( ): getmaxx function returns the maximum x-
cordinate position on the screen. 
Syntax: getmaxx ( ); 
E.g.: x= getmaxx ( ); 

17. Getmaxy ( ): getmaxx function returns the maximum y-
cordinate position on the screen. 
Syntax: getmaxy ( ); 
E.g.: y = getmaxy ( ); 

18. Settetextstyle ( ): settextstyle function sets the current text 
characteristics like font- direction, and size; 
Syntax: settextstyle (font, direction, size); 
E.g.: settextstyle (1, 1, 12); 

19. Moveto ( ): moveto function moves current cursor position on 
the screen. 
Syntax: moveto (x co-ordinate, y co-ordinate); 
E.g.: moveto (100,150); 
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20. Outtext ( ): outtext function is used to display the text on the 

monitor screen, using this function we can display the text in 
the current position. 
Syntax: outtext (STRING); 
E.g.: outtext (“computer”); 

21. Outtextxy ( ): outtext function is used to display the text on 
the monitor screen in graphics mode, using this function we 
can display the text in the desired position. 
Syntax: outtextxy (x coordinate, y coordinate, STRING,); 
E.g.: outtextxy (100, 200, “computer”); 

22. Sector ( ): sector function draws and fills an elliptical pie 
slice. 
Syntax: sector (x co-ordinate, y co-ordinate, starting angle, 
ending angle, x-radius, y-radius); 

 E.g.: sector (200, 100, 50, 120, 100, 50); 
23. Arc ( ): arc function draws an arc on the screen. 

Syntax: arc(x coordinate, y co-ordinate, starting angle, ending 
angle, radius); 
E.g.: arc (100, 200, 45, 120, 70); 

24. Setfillstyle ( ): setfillstyle function is used to set the color and 
styles to be filled into the objects using the floor fill method. 
Syntax: setfillstyle (STYLE, COLOR); 
E.g.: setfillstyle (2, BLUE); 

25. Floodfill ( ): floodfill function is used to fill the color in the 
object; object can be a circle, triangle, octagon, rectangle or 
any other closed object. 
Syntax: floodfill (x co-ordinate, y co-ordinate, COLOR); 
E.g.: flood fill (100, 200, CYAN); 

26. Getcolor ( ): getcolor function returns the current drawing 
color. 
Syntax: getcolor ( ); 
E.g.: getcolor ( ); 

CHECK YOUR PROGRESS
27. What are the properties of graphics packages?
28. What are the graphics functions available in c and 

c ++? 
29. What is the use of Initgraph ( ) function?
30. What is the use of closegraph ( ) function?
31. What is the use of outtextxy (
32. What is the difference between getpixel

putpixel ( ) function? 
33. what is the syntax for setfillstyle ( )function?
34. what is the use of arc ( ) function?
35. what is the use of line( ) functions?
36. which function will return the current drawing 

color? 
37. what is the main difference between outtext ( ) 

and outtextxy ( ) function? 
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3.10  COMPUTER AIDED 
DESIGN 

CAD (Computer- aided 
Design) is the use of computer 
based software to aid in design 
processes. It main purpose is 
to optimize and streamline the 
designer’s workflow, to 
improve the quality and level 
of detail in the design process 
and display the results. 

3.10.1  APPLICATIONS OF 
CAD (COMPUTER- 
AIDED DESIGN) 

1. Designing a new 
aircraft or automobile 

2. To design a new 
building or bridge 

3. To design a Printed 
Circuit Board (PCB) 

4. To design a new 
House (both interior 
and exterior) 

3.10.2  ADVANTAGES OF 
CAD 

1. Changes to a design 
can be made very 
quickly and easily. 

2. The design can be 
viewed from any angle 
as we desire. 

3. Designs can be tested 
without the need to 
build the prototype or 
model. 



Block I (Unit 3: GRAPHICS SOFTWARE)  

INF2046: Computer Graphics and Multimedia  

4. The design can be sent anywhere using the internet. 
5. The design can be easily stored on a storage device to use for 

the future. 
6. The design can be directly used in computer aided 

manufacturing processes. 
7. Complex design can be made in a very convenient way. 

3.11 SUMMARY:  

 Graphics software are the software which have the capability to 
create, edit or display a graphic object. 

 Graphics software have features like- photo editing, advanced 
font option freehand drawing, high quality templates, Art brushes, 
clip art, zooming, 3D capability and exporting & importing files. 

 Adobe Photoshop, Illustrator, Paint Shop Pro, CorelDraw, Adobe 
LightRoom etc. are some popular graphics software. 

 Graphics software can be classified as special packages and 
programming packages. 

 Graphics programming packages functions are divided into the 
following categories: Output primitives, attributes, geometric and 
modeling transformations, viewing transformation, structure 
operations, input functions and control operations. 
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 GKS, PHIGS, PHIGS+ are some common standard graphics 

package 
 PHIGS and GKS use the concept of workstation to specify that 

are used for input or output  operation in a particular application. 
 Special purpose application packages are designed mainly for 

non- programmers, so that the user need not to worry about its 
internal working mechanism. 

 Artist painting program, business CAD system are examples of 
special purpose application packages. 

 Graphics software mainly deals with two kind of files- one is the 
Raster Files like BMP (bitmap), JPEG, GIF, etc. Here every 
individual pixels can be modified and it is best for photograph or 
complex design images. 

 Vector files mainly uses mathematical equations to determine 
how certain elements should be placed within the design. DXF 
and WMF are the e.g. of vector graphics file format. 

 Vector files has advance of using less memory space than bitmap 
graphics. But vector files doesn't  provide the appearance of a 
realistic image like bitmap. 

 GKS or Graphics Kernel System is the first graphics software 
standard accepted by the international organization like ANSI. 

 After GKS, PHIGS and PHIGS+ have been developed with some 
extensions to its previous. 

 PHIGS has the ability to create and edit hierarchical application 
model. 

 PHIGS+ is the extension version of PHIGS having additional 
functionality of providing three dimensional surface shading that 
was absent in PHIGS. 

 Primitives are the building blocks of a picture or image, like Line, 
arc, etc. 

 Some of the most important standard graphics functions are:- 
Polyline, Polymarker, FillArea, Text, cellArray. 

3.12   KEY TERMS 

Graphics Packages: It is a graphics software or a collection of 
programs that helps a user to manipulate images or models .  

GL( Graphics Library):It is a program library mainly designed to 
aid in rendering graphics to a monitor screen. 

Web Graphics: It is the visual representations used in an website. It 
might be a map, bar charts, etc.  

Clip art: It is a collection of 
pictures or images that can be 
easily imported into a 
document. 
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Surface Rendering: It  is 
done with the help of a 
computer graphics software in 
which a photorealistic image 
or non photo realistic image  
is generated from a 2D or 3D 
model 

Geometric Transformation: 
It is the process of 
transforming an object . Like 
its position by translation, 
scaling by making the object 
bigger or smaller, rotation etc. 

3.13  QUESTIONS AND 
ANSWERS 

1. CAD stands for? 
a. Computer Aided 

Design 
b. Calculation Aided 

Design 
c. Computer Auto 

Design 
d. Calculation Aided 

Drawing 
2. In CAD, objects are 

displayed in block format 
a. True 
b. False 

3. GKS stands for? 
a. General Kernel 

System 
b. Graphics Kernel 

System 
c. Graphics Kernel 

Software 
d. General Kernel 

Software 
4. A set of libraries that 

provide programmatically 



Block I (Unit 3: GRAPHICS SOFTWARE)  

INF2046: Computer Graphics and Multimedia  

access to some kind of graphics 2D functions. 
a. Graphics Package 
b. Formatting Package 
c. Animation Package 
d. None of the above 

5. The standardization is needed  
a. To make application programs more portable 
b. To increase Utility 
c. To allow them to use in a different application 

environment 
d. All of the above 

6. PHIGS stands for 
a. Programmer’s Hierarchical Interactive Graphics Standard 
b. Programmer’s Hierarchical Interface Graphics Standard 
c. Programmer’s Hierarchical Interest Graphics Standard 
d. None of  the above 

7. Vector graphics is composed of 
a. Pixels 
b. Paths 
c. Palette 
d. None of the above 
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8. Raster  graphics is composed of 

a. Pixels 
b. Paths only 
c. Palette and paths 
d. None of the above 

9.  Which is a Vector graphics file format 

a. DSX 
b. WXF 
c. DXF 
d. None of the above 

10.  TIFFS are use with 
a. low resolution images 
b. higher resolution images 
c. vector files 
d.  None of the above 

Answers: 1( a), 2 ( b), 3 (b ), 4 (a ), 5( d), 6 (a ), 7(b ), 8(a ), 9(c ),  
 10 ( b)  
Fill up the Blanks 
1. Graphics software can be classified as __________ and 

___________ 
2. _________ function is used to set the background color in C 

language. 
3. ___________ function returns the maximum y co-ordinates. 
4. ___________ function returns the height of a string in pixels. 
5. ___________ function is used to set the current line styles width 

and pattern. 
6. __________  function is used to draw a pixel on the screen. 
7. __________ function is used to draw a text on the screen. 
8. __________ function returns the color of a specified pixel. 
9. ________ is an example of special purpose application package. 
10. __________ function is used to fill the color in an object. 
11. __________ tools helps to zoom to a particular position of an 

image. 

State TRUE or FALSE 

1. Individual pixels can be modified in vector files. 
2. Raster files uses larger amount of backing storage space. 
3. With the development of GKS rewriting of codes is reduced. 
4. PHIGS does not provide graphical interactions. 
5. Sector function in  C Language draw an arc of a circle 

Answers: 1 ( False), 2 (True ), 3 (True ), 4 (False ), 5(False ) 
 

Answer to the Following 
Questions 
1. Explain the architectural 

design of both general 
graphics system designed 
for a programmer and 
specific application. 
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2. Write a routine to 
implement the - 

a. Polyline function
 b. Polymarker 
function   c. text 
function d. FillArea 
function e. 
CellArray function 
  

3. According to you which 
raster image or vector 
image is better to     
produce a photorealistic 
image. Give your reasons. 

4. What are the main 
advantages of PHIGS+ 
over GKS and PHIGS. 

5. What are the advantages 
of CAD? 

6. Write a short notes on the 
application of CAD? 

7. Why software standard are 
required? Explain. 

3.14  SUGGESTED 
READINGS 

 Computer Graphics By 
Donald Hearn and M. 
Pauline Baker, 
Prentice Hall of India , 
2004 

 Evaluating PHIGS for 
CAD and general 
graphics applications 
T. L. J  Howard 
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UNIT 5: AREA FILLING ALGORITHMS AND CHARACTER 
GENERATION TECHNIQUES 
 
CONTENTS: 
5.0 Introduction 
5.1 Objectives 
5.2 Area-filling algorithms 
 5.2.1 Scan-line polygon-fill 

5.2.2 Nonzero winding number rule 
5.2.3 Scan-line seed fill algorithm 
5.2.4 Boundary-fill algorithm 
5.2.5 Flood-fill algorithm 

5.3 Character generation techniques 
 5.3.1 Generation of Bitmap and Outlined font 
5.4 References 
5.5 Suggested reading list 
5.6 Model questions 
5.7 Possible answers 
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5.0 Introduction: 
Here in this unit we shall discuss about types of polygons and several algorithms which are 

used to fill color to the interior pixels of the polygons like scan line, flood fill and boundary fill 
methods. Non-zero winding method will be applied to find out whether a given point lies inside or 
outside of a polygon. Here we shall also discuss about various character generation methods. 
5.1 Objectives: 

After completion of this unit you shall be able to understand polygons, non-zero winding 
number method, scan line polygon fill, flood fill, boundary fill and how characters are generated. 
5.2 Area-filling algorithms:- 

Filling an area means coloring an image or region with a specific color. Area can be defined 
by a set of boundary pixels. Several algorithms are available to fill color to the interior pixels of an 
image. Points, lines, circles are generated and discussed; here we shall be discussing about the 
polygons and different ways to fill them. 
Polygons- A polygon is a shape which is closed by at least three straight lines connected together 
forming angles and edges. A polygon may have many edges or sides, these edges are straight lines are 
connected to each other through vertices. A triangle, square, rectangle, hexagon etc. are all polygons. 
Any polygon can be represented by number of line segments. Polygon filling means coloring the 
pixels of the polygon which lies inside the boundary of the polygon. Depending upon the shape of the 
polygon they are grouped into convex, concave and complex polygons. Some polygon shapes are 
shown on the figure 5.1 below. 
 

 
 
Convex polygon- If the line connecting two interior points of the polygon lies completely inside the 
polygon, then it is said to be a convex polygon. In convex polygon all the interior angles are less than 
180 degree which makes the vertices pointing towards outside. In the figure 5.2 given below, shows 
the line segment AB lies completely inside the polygon. 
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Concave polygon-If the line joining any two points of the polygon is not completely inside the 
polygon is said to be concave polygon. In concave polygons at least one interior angle is more than 
180 degree. In the figure 5.3 given below, shows the line segment AB lies partially inside the 
polygon. 
 

 
Complex polygon- Polygons whose edges intersects the other edges one or more time in the same 
polygon are termed as complex polygons. In the figure 5.4 below, the edges AE and BE, intersects 
the edge CD. 
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The polygon can also be categorized based on the direction of visit to their vertices, if the visit is 
performed in clockwise direction then the polygon is said to be a negative oriented polygon otherwise 
if the movement is in anticlockwise direction then the polygon is said to be positive oriented. The 
image of a positive oriented and a negative oriented polygon are shown in figure 5.5(a) and 5.5(b) 
respectively. 

 
 
While filling a polygon with different colors, it is important to differentiate between several areas.  
 5.2.1 Scan-line polygon-fill: In this algorithm the internal points of the polygon are colored in 
scan line and these points are turned on or off as needed. When coloring multiple pixels, the polygons 
are filled with multiple colors. The scan is done using the concept of raster scanning on the display 
device. The beam scans from the upper left corner of the screen and ends in the lower right corner. 
This algorithm detects the crossing point of the line and the polygon while traversing from left to 
right and from top to bottom. Each intersection is stored in the frame buffer. This intersection means 
crossing the boundary line and entering into the polygon. Then the color properties of the interior 
pixels are changed as specified, then again when beam comes out of the boundary on the other side, 
the previous properties are assumed. This process is repeated for all the rows until the polygon is 
filled. 
While filling a polygon the following cases may occur: 

i. The beam of the scan line may cross and pass through the edges of the polygon without 
touching any of the vertices. In the figure: 5.5 below, the pixels from point “c” to point 
“d” will be filled, pixels from point “d” to point “e” will remain as it is, then pixels from 
point “e” to point “f” will be filled with color. 

ii. The beam of the scan line may cross the polygon by touching the any vertex whose nearby 
vertices lies totally on one side of the scan line. From the figure: 5.5 below, the pixels at 
vertices V1, V2 and V6 will be filled, i.e., points “a”, “b” and “j” will be colored. 

iii. The beam of the scan line may cross the polygon by touching some vertices whose nearby 
vertices lie on both the sides of the scan line. This case is satisfied by the point “g” on the 
vertex V3 on the figure: 5.5 below. Here the pixels from point “g” to point “h” and point 
“h” to point “i” will be filled. 
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An example of scan line polygon filling algorithm is given with the following C++ program: 
 
#include <stdio.h> 

#include <conio.h> 

#include <graphics.h> 

void main() 

{ 

int n,i,j,k,gd,gm,dy,dx; 

int x,y,temp; 

int a[10][2],xi[10]; 

float slope[10]; 

clrscr(); 

printf("\n\n\tEnter the number of edges of the polygon :..... "); 

scanf("%d",&n); 

printf("\n\n\tEnter the cordinates of the polygon in x and y axes :......\n\n\n "); 

for(i=0;i<n;i++) 

{ 

printf("\t X% d Y %d : ",i,i); 
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scanf("%d %d", &a[i][0],&a[i][1]); 

} 

a[n][0]=a[0][0]; 

a[n][1]=a[0][1]; 

detectgraph(&gd,&gm); 

initgraph(&gd,&gm,"C:\\TurboC3\\BGI"); 

                       //draw the polygon 

for(i=0;i<n;i++) 

{ 

line(a[i][0],a[i][1],a[i+1][0],a[i+1][1]); 

} 

getch(); 

for(i=0;i<n;i++) 

{ 

dy=a[i+1][1]-a[i][1]; 

dx=a[i+1][0]-a[i][0]; 

if(dy==0) slope[i]=1.0; 

if(dx==0) slope[i]=0.0; 

if((dy!=0)&&(dx!=0)) // inverse slope calculation  

{ 

slope[i]=(float) dx/dy; 

} 

} 

for(y=0;y< 200;y++) 

{ 
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k=0; 

for(i=0;i<n;i++) 

 

 { 

if( ((a[i][1]<=y)&&(a[i+1][1]>y))|| 

((a[i][1]>y)&&(a[i+1][1]<=y))) 

{ 

xi[k]=(int)(a[i][0]+slope[i]*(y-a[i][1])); 

k++; 

} 

} 

for(j=0;j<k-1;j++) // Arrange the intersections in x-axis 

for(i=0;i<k-1;i++) 

{ 

if(xi[i]>xi[i+1]) 

{ 

temp=xi[i]; 

xi[i]=xi[i+1]; 

xi[i+1]=temp; 

} 

} 

setcolor(3); 

for(i=0;i<k;i+=2) 

{ 

line(xi[i],y,xi[i+1]+1,y); 
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getch(); 

} 

} 

} 

 
 

 
Reference: https://educatech.in/program-for-scan-line-polygon-fill-algorithm/ 
 

5.2.2 Nonzero winding number rule: For two-dimensional images in computer graphics, the 
nonzero winding number rule is a method used to find out if a given point lies inside or outside of an 
enclosed geometrical shape. If P is considered to be any point and a straight line is drawn from the 
point in one direction towards the shape (as shown in the figure 5.7 below) out to the infinity. Then 
count that how many times the straight line intersects the edge or edges of the shape and in which 
direction top to bottom or bottom to top or left to right or right to left in any orientation, either 
clockwise or anticlockwise orientation. It is based on knowing the direction of the stroke of each part 
of the shape. Here every point has a winding number. For a 2–dimensional object if the winding 
number value is a non zero, then the point lie inside the object and if the value of the winding number 
is zero, then the point lies outside the object. To calculate the winding number value the following 
steps are to be followed: 

i. At first, the winding number value is initialized to 0. 
ii. Then from any point P, an imaginary line is drawn to a distant point towards the other side of 

the object/shape, as shown in the figure 5.7(a & b) below. 
iii. Then count how many number of times the edges crosses the line in each direction. Subtract 1 

each time when an edge of the object crosses the line in the direction from top to bottom and 
add 1 each time when an edge of the object crosses the line from bottom to top. 

iv. If the sum of the winding number is zero then the point is outside the object but if the sum of 
the winding is any number other than 0, than the point lies inside the object. 
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In the first figure (Fig 5.7(a)) the line from point P towards Y crosses the edge AB directed from top 
to bottom, so winding number = 0 + ( - 1) = - 1, thus the point P is inside the object. 
In the second figure (Fig 5.7(b)) the line from point P to Y, crosses the edges BC, directed top to 
bottom and DE, directed bottom to top, so winding number = 0 + ( - 1) + 1 = 0, thus the point P lies 
outside the object. 
 There is another method called odd even rule which is also used to determine whether a given 
point lies inside of the polygon or lies outside the polygon. Similar to non zero winding number 
method, the odd even method also uses a line segment to be drawn from any point P towards the 
polygon edges, then the number of intersection of the line with the edge or edges of the polygon is 
counted. If the counted number is odd then the point P lies inside the polygon but if the count is an 
even number then the point lies outside the polygon. 
  

 
 
 
 

In figure 5.8(a), it can be seen that the line segment from P towards the polygon intersects the edges 
for 4 times, which is an even number, this means that the point P lies outside the polygon. In the 
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second figure (fig 5.8(b)) the line segment from P intersects the polygon edges for 3 times, which is 
an odd number, thus the point P lies inside the polygon. 

 
5.2.3 Scan-line seed fill algorithm: The seed fill algorithm pushes 4 to 8 pixels into the stack 

that makes the stack large, because the pixels are filled starting from a single seed and then its 
neighboring pixels are filled. Left, right, top, bottom order in 4-connected or left, right, top, top-left, 
top-right, bottom, bottom-left, bottom-right order on 8-connected, the stack also holds duplicate 
pixels. The scan line seed fill algorithm pushes only the left endpoint pixel into the stack in any 
consecutive empty (non colored) row of pixels in a single scan line within a boundary specified 
region which decreases the size of the stack. Scan line seed fill algorithm fills pixels in raster scan 
pattern, from left to right along each scan line in the region, without moving towards 4-connected or 
8-connected directions.  
 
Reference: https://www.csee.umbc.edu/~ebert/435/notes/435_ch5.html 
 

The steps are: 
 

i. In the beginning a seed pixel is popped out from the stack where the seed pixel is present. 
ii. Then the pixels on the left and right of the seed pixel and the seed pixel are colored in the 

row till a boundary color is detected. 
iii. The left most and right most unfilled pixel in the scan line are saved as xleft and xright, 

respectively. 
iv. Then the rows just above and below the current row are tested from the range xleft to xright, 

to find out whether they are boundary colored pixels or earlier colored pixels. If they are neither 
boundary colored pixels nor previously filled pixels, then they are treated as seed pixels and are 
pushed into the stack from the right most pixels in all the non colored spans of line on this row and 
they are colored accordingly. 

 
5.2.4 Boundary-fill algorithm: This is a seed fill algorithm, here the color of the boundary of 

the polygon should be predefined with a specific single color. The algorithm will begin from a pixel 
which is internal to an image and starts filling towards outside. The algorithm fills the pixels one after 
another moving in outward direction until a boundary colour is detected. The boundary fill algorithm 
takes an interior pixel coordinate as the input, and starting from that position or pixel it checks the 
neighboring pixels to find if they are boundary colour or not. If they are boundary color then the 
algorithm stops moving in that direction but if the pixels are neither boundary coloured nor fill 
coloured than the pixel or pixels are coloured with the fill coloured and this is repeated until all the 
pixels on the area inside the boundary are coloured with fill colour. There are two ways to perform 
these tests: 4 connected and 8 connected. 

In 4-connected approach left, right, above and bottom pixels are checked. 
Procedure 
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boundaryfill(x, y, fill, boundary: integer); 
var 
current:integer; 

begin 
current=getpixel(x, y); 
if(current<>boundary) and (current <> fill) then 

begin 
setpixel(x, y, fill); 
boundary4(x+1, y, fill, boundary); 
boundary4(x-1, y, fill, boundary); 
boundary4(x, y+1, fill, boundary); 
boundary4(x, y-1, fill, boundary); 

end 
end; {boundaryfill} 
 

 
In 8-connected approach 
begin 

setpixel(x,y,fill) 
boundary8(x+1, y, fill, boundary); 
boundary8(x+1, y+1, fill, boundary); 
boundary8(x-1, y, fill, boundary); 
boundary8(x-1, y+1, fill, boundary); 
boundary8(x, y+1, fill, boundary); 
boundary8(x-1, y-1, fill, boundary); 
boundary8(x, y-1, fill, boundary); 
boundary8(x+1, y-1, fill, boundary); 
end 

end; {boundaryfill} 
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5.2.5 Flood-fill algorithm: This is also a kind of seed fill algorithm. The algorithm in this 

method is used to fill the area bounded by different colours. Here without searching for a boundary 
colour the area is painted by replacing the old colour with a new specified interior colour. The 
algorithm begins from an interior pixel and it replaces the entire old pixel colours with the new fill 
colour within the boundary even if the old pixels have different colours. 4-connected or 8-connected 
approaches can be used to fill the pixels with new colour within the boundary. The algorithm is: 

 
Reference: Computer Graphics: C version by Donald Hearn & M. Pauline Baker. 

4-connected approach: 
Procedure floodFill4(x, y, fillcolor, oldcolor: integer); 
begin 
if getpixel(x, y)=oldcolor then 
begin 
setpixel(x, y, fillcolor); 
floodFill4(x+1, y, fillcolor, oldcolor); 
floodFill4(x-1, y, fillcolor, oldcolor); 
floodFill4(x, y+1, fillcolor, oldcolor); 
floodFill4(x, y-1, fillcolor, oldcolor); 
end 
end;  
{floodFill} 
 
8-connected approach: 
Procedure floodFill8(x, y, fillcolor, oldcolor: integer); 
begin 
if getpixel(x, y)=oldcolor then 
begin 
setpixel(x, y, fillcolor); 
floodFill8(x+1, y, fillcolor, oldcolor); 
floodFill8(x-1, y, fillcolor, oldcolor); 
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floodFill8(x, y+1, fillcolor, oldcolor); 
floodFill8(x, y-1, fillcolor, oldcolor); 
floodFill8(x+1, y+1, fillcolor, oldcolor); 
floodFill8(x-1, y+1, fillcolor, oldcolor); 
floodFill8(x+1, y-1, fillcolor, oldcolor); 
floodFill8(x-1, y-1, fillcolor, oldcolor); 
 
end 
end;  
{floodFill} 
 

     
 
 
The seed fill algorithm needs large storage space to the store the pixel information, it may not be able 
to fill all the non colored pixels inside the area. But the scan line algorithms does not need much 
space it fills the pixels from left to right in a scan line and then after filling the farthest pixel which is 
within the boundary, the algorithm moves to the next row or scan line. 
 
 
 
 
 
 
 
 
 
 
 
 

STOP TO CONSIDER 

In this sub section we discuss about polygons and its types, found whether a given point 
lies inside or outside of a polygon, explained various algorithms that are used to fill the 
area of polygon.  
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Check Your Progress 

1. For a specific single colored boundary, which algorithm proceeds pixel by pixel 
until the boundary color is encountered? 
a) Scan-line fill algorithm 
b) Boundary-fill algorithm 
c) Flood-fill algorithm 
d) Parallel curve algorithm 

2. For a different colored boundary, which algorithm is used to recolor an area? 
a) Boundary-fill algorithm 
b) Parallel curve algorithm 
c) Flood-fill algorithm 
d) Only b 

3. In which type of polygon the line segment joining any two points within the 
polygon lies completely inside the polygon? 
a) Convex 
b) Concave 
c) Closed 
d) Complete 

4. Which of the following approach is used for determining whether a particular point 
is inside or outside of a polygon? 
a) Even-odd method 
b) Winding number method 
c) Both a & b 
d) None of these 

5. In a boundary fill algorithm for filling polygon, boundary defined regions may be 
either _________ connected or__________ connected. 
a) 4, 2 
b) 6, 8 
c) 4, 8 
d) 2, 6 

 

Self Assessment Questions 

1. Distinguish between Scan line polygon fill and Flood fill algorithm? 
2. Write procedure to fill polygon using Boundary fill. 
3. Differentiate between Boundary fill and Flood fill algorithm? 
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Answer to Check Your Progress Questions 
Question 1: Answer: b 
Explanation: Boundary fill algorithm proceeds outward pixel by pixel until the boundary 
color is encountered. 
Question 2: Answer: c 
Explanation: Flood fill algorithm allows to fill color of such areas by replacing a specified 
interior color. 
Question 3: Answer: a 
Explanation: In convex polygon the line segment lies completely inside the polygon. 
Question 4: Answer c 
Explanations: Even odd method and Non-zero winding number method both are used to find 
out whether a given point lies inside or outside of the polygon. 
Question 5: Answer: c 
Explanation: In boundary fill colors are filled to the neighboring pixels in left, right, up and 
down for four connected or left, right, upper, upper-left, upper-right, down, down-left and 
down-right manner for eight connected. 
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5.3 Character generation techniques:- 
Character generator or CG is a hardware or software tool which can produce still or moving graphics 
and texts, which can be then added to videos for streaming like creating opening credits or closing 
credits of a television program in television production studios. Computer based character generators 
can produce both graphical and textual images. In hardware based character generation some display 
devices like monitors or printers are used to display the characters of varying sizes and shapes as 
commanded. Here the logic to generate the characters is built upon the graphic terminal. Although the 
generation time is relatively short, the sources are limited due to hardware limitations. 
Several methods are available for generating characters on a computer screen through software: 

(1) Stroke based method 
(2) Vector based method and 
(3) Starburst method. 

Stroke based method is the natural way of writing character by a person. In this method the characters 
are written line by line. The characters are generated by joining small parts of line segments, just as 
Digital Differential Analyzer algorithm does. 

 
 

The vector-based method, are basically based on mathematical equations, the character is developed 
using a set of perfect lines and curves called polylines and splines which determines the outline of the 
character. This character representation is completely device independent; memory requirements are 
lower, because the curve that describes the shape of the character can be manipulated to generate 
bold, italic, or different sizes; no separate memory block is required for each change. Common vector 
image files are .pdf, .ai, .eps, .svg, .wmf.  
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Image reference: https://business.oregonstate.edu/student-experience/resources/DAMlab/vector-and-
bitmap-image-guide 
 
In Starburst method is defined by a fixed pattern which is formed by joining a number of line 
segments. A collection of 24 line segments are used where each single line represents a bit. To draw a 
character out of the pattern on the corresponding line segments the bit values are to be set 0 or 1. To 
light up a line or turn ON a line then the bit is set to 1 and to make a line disappear or OFF the bit is 
set to 0. To draw a character we start from line number 1 then move in sequence towards 24, turning 
the line ON or OFF as required for a particular character. In the figure below the character H is drawn 
using the starburst method. The line segments are numbered 1 to 24. To draw the character H the line 
segments which are to be set ON or OFF are: 
Line number 1, 2 ON, 3, 4, OFF, 5, 6, 7, 8 ON, 9, 10, OFF, 11, 12, ON, 13, 14, 15, 16, 17, 18, 19, 20 
OFF, 21, 22 ON, 23, 24 OFF.  
Thus 24 bit code to write character H in Starburst method is given in the table below ( table 5.1) 
(from right to left): 
 
Table 5.1 
24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 0 0 1 1 
 
In table 5.1, the first row represents number of the line segments on the starburst and the second row 
represents ON/OFF. 
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24 bit code for character H is: 001100000000110011110011 
 
Starburst method has some disadvantages as it requires large memory to store 24-bits code for each 
character, it needs code convertor software to display the character and it is not suitable for curved 
shaped characters like, C, D, P etc.  

 
5.3.1 Generation of Bitmap and Outlined font: In the bitmap-based font method, a small rectangular 
bitmap called a character mask is used to store the pixel representation in binary 0 and 1 value for 
each character in a raster buffer called the font buffer. These arrays of bits are used to generate 
characters. These bit points are the points of a matrix of fixed size. When the point is stored in the 
array is 1 it will represent a character, that is, the position where the point appears is defined by the 
value 1 and the value of no point is defined by 0 in the matrix. The relative position of the pixel 
similar to the character's bitmap is marked according to the size, face, and font of the character. The 
size of each character mask is bounded in between from 5 by 7 to 10 by 12. 40 font caches are 
required to store a single font in different sizes of fonts and in four faces like normal, bold, italic and 
bolded italic. In this method, a character can be made bold by putting the corresponding normal 
character mask into successive frame buffer positions. Normal characters can be twisted or skewed to 
generate italic characters while writing to the frame buffer. Windows paint and much other software 
can be used to create new fonts by the designers and developers. The common design style (font and 
type face) of the character set is known as typeface. The suitable bitmap is selected from the frame 
buffer and copied to appropriate display screen position to generate and display the characters.  

This method is also known as a dot matrix method, because the characters in this method are 
displayed in a dot matrix manner. It has rows and columns which gives it a two dimensional 
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orientation. Bitmap based image files are generally of .jpg, .png, .bmp, .gif, .tiff. format. The bitmap 
images are also called pixel maps or raster graphics. 
 
Reference: https://annamalaiuniversity.ac.in/studport/download/sci/cis/resources/IT3IITT62CG.pdf 

 
 

Outline fonts use straight and curved parts to describe the shape of characters. When the pattern is 
copied to a certain area of the frame buffer, 1 bit specifies the position of the pixel to be displayed on 
the monitor. To display the shape of the character, the scan line fill program is used to fill the interior 
of the character outline. Outline fonts require less storage space because each variant does not require 
a different font cache. Using outline fonts can generate different shapes and sizes, and is easier to 
generate. But outline fonts take longer to process because they must be scanned and converted into 
the frame buffer. 
 

   
 
 
Aliasing: There are two states of pixels ON and OFF, for this reason the display lines may have 
jagged or staircase appearance because of sampling process. Sampling is done to convert the analog 
image into digital. The distortion of information occurs because of under sampling or low frequency 
sampling and this is known as aliasing. This effect of aliasing occurs because the lines, polygon 
edges, color boundaries are unbroken (continuous) but the raster device is separate and distinct. Thus 
to present a line or polygon edges on a raster device it must be sampled at discrete location. Some of 
the aliasing effects are: 
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Staircase or zigzags problem: When any signal is sampled, this process utilizes coordinate points on 
an object to discrete integer pixel positions and jagged appearance easily can be seen. This is staircase 
problems. 

   
Unequal intensity: If pixels of equal intensity are placed on the vertical, horizontal and diagonal line, 
then the intensity of the diagonal line becomes less as compared to the horizontal and vertical lines 
due to some reason (see the figure). As a result intensity of pixel will be less on the diagonal. Thus 
intensity of the line decreases.  
 

     
Pixels along Horizontal and Vertical lines are just a single unit apart (far from each other), whereas 
along the Diagonal line they are 1.414 units far from each other. 
Antialiasing: It is a method which is used to rectify the issues aroused due to aliasing. It tries to 
remove the staircase or jagged lines problem occurred due to under sampling. Due to under sampling 
information of the images are lost. There is a minimum frequency referred to sample an image, which 
is given by Harry Nyquist, called, “Nyquist sampling frequency” according to Nyquist frequency; 1 
cycle in 2 pixels = 0.5 cycles/pixel.  There are two methods of antialiasing: 
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Reference: https://www.imatest.com/docs/nyquist-aliasing/ 
Post-filtering (i++): The post-filtering method is achieved by increasing the sampling rate, which is 
performed by increasing the resolution the raster system. The resolution is increased by assuming that 
the actual pixels are sub divided into smaller pixels and thus increasing the resolution. Then the 
average intensity of the sub pixels are calculated and displayed at the actual pixels. However there is 
some limitations in dividing the pixels into sub pixels. This method is also called super sampling 
Pre-filtering (++i): Here the pixels are a fixed area, the colour of the pixels are calculated depending 
on the overlap of the pixel area with the image to be displayed. It calculates the percentage of overlap 
of the gray level shade of the image to the area of the pixel covered. This percentage determines the 
overall intensity of the pixel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

STOP TO CONSIDER 
In this sub section we highlighted on different types of polygons, different types of seed fill and 
scanline fill algorithms, flood fill and boundary fill polygon filling algorithms. These filling 
algorithms can be used to fill colours into the object. Non zero winding number rule and odd 
even rule are used to determine whether a given point lies inside or outside of a polygon. 
Generation of characters and their different techniques used to generate different typographical 
fonts has also been discussed. We have also discussed about staircase problems and why the 
intensity of a diagonal line is lesser than that of horizontal or vertical lines in aliasing and how 
these problems can solved is also discussed here. 
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Check Your Progress 
1. With which of the following aliasing is related to? 

a) Generation of characters 
b) Scan conversion of line 
c) Raster based graphics 
d) Conversion of any analog signal to digital signal 

2. The video editing tool that produces an animated text which can be inserted into video stream is……….. 
a) Character generator 
b) Title generator 
c) Video generator 
d) Animation generator 

3. In television production houses the type of character generators used is: 
a) Hardware character generators 
b) Software character generators 
c) Hardware and software character generators both are used 
d) Title generators are used 

4. How many character generation methods are there? 
a) 2 
b) 3 
c) 4 
d) 5 

5. Which character generation method is also known as Dot-matrix method? 
a) Stroke method 
b) Bitmap method 
c) Starburst method 
d) None of these 

6. In which character generation method, graph is used in form of line by line? 
a) Stroke method 
b) Bitmap method 
c) Starburst method 
d) None of these 

7. Which of the following method is used to generate characters in a fixed pattern of line segments?? 
a) Stroke method 
b) Bitmap method 
c) Starburst method 
d) None of these 

8. Which method has the poorest character quality? 
a) Stroke method 
b) Bitmap method 
c) Starburst method 
d) None of these 

9. Which of the following can be generated by character generators? 
a) Different type size but same fonts 
b) Same type size but different fonts 
c) Same type size and fonts 
d) Different type size and fonts 

10. Can the font colors be changed using character generators. 
a) True 
b) False 
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Answer to Check Your Progress Questions 
Question 1: Answer: d 
Explanation: Aliasing is related to conversion of any analog signal to digital signal. 
Question 2: Answer: a 
Explanation: Video editing software or hardware that produces animated text video streams is 
performed by Character Generator, CG in short. 
Question 3: Answer: a 
Explanation: Hardware character generators are commonly used in television production houses. 
They provide a key signal. Translucent areas of the character generator can be determined by 
compositing vision mixer using an alpha channel. 
Question 4: Answer: b 
Explanation: There are three methods. Those three methods are Stroke method, Bitmap method 
and Starburst method. These three methods uses different ways for generating characters on the 
screen. 
Question 5: Answer: b 
Explanation: Bitmap method is also known as a dot-matrix method as it uses arrays of dots to 
generate characters. These dots are the points of an array whose sizes are fixed. 
Question 6: Answer: a 
Explanation: In Stroke based method, graph is drawn in the form of line by line. This method 
follows the Digital Differential Analyzer Line drawing algorithm drawing for line. 
Question 7: Answer: c 
Explanation: In Starburst method, 24 line segments are used and combination to form characters. 
It is a method in which there is a particular pattern or sequence where only 24 strokes are 
defined for character generation. 
Question 8: Answer: c 
Explanation: Character quality is very poor in Starburst method and is even more worst for 
curved characters like C, D P etc. Whereas,  it is very good in Bitmap method and stroke 
method, as they use new technologies. 
Question 9: Answer: d 
Explanation: Character generators can generate different type, sizes and fonts depending on the 
requirement. Type, size as well as colour of fonts can be changed using character generators. 
Question 10: Answer: a 
Explanation: Common systems displays eight colours: black, white, yellow, red, magenta, blue, 
cyan and green. More sophisticated systems have millions of colours. 
 
 

Self Assessment Questions 
1. State the difference between bitmap fonts and outline fonts. 
2. Name and describe other antialiasing techniques that are not listed in this unit. 
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5.5 Suggested reading list: 
1. Introduction To Computer Graphics And Mu, by Anirban Mukhopadhyay and Arup 

Chatterjee, Vikas Publishing House Pvt. Ltd. 
2. Computer Graphics: C version by Donald Hearn & M. Pauline Baker. 
3. Computer Graphics Principles & Practice by John F. Hughes, Andries Van Dam, Morgan 

Mcguire, David F. Sklar, James D. Foley, Steven K. Feiner, Kurt Akeley 
 

5.6 Model questions: 
1. Explain how a polygon can be filled using scan line? 
2. What is antialiasing? 
3. Define frame buffer or refresh buffer? 

 
5.7 Possible answers: 

1. First the Y-coordinate maximum and minimum points of the polygon is determined in the Y 
axis. Then find the point of intersections of the scan line with the edges of the polygon from 
Y-maximum to Y-minimum. Then sort the point of intersections in increasing order of X-axis. 
Then fill all the lines which comes inside the polygon. 

2. In antialiasing the intensity of the pixels in a line are adjusted to decrease the effect of 
aliasing. 

3. Frame buffer or refresh buffer is a memory area which stores the information about the image 
to be drawn. 
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Unit – 2  3-DIMENTIONAL GEOMETRIC TRANSFORMATIONS 

 

UNIT STRUCTURE 

2.0 Introduction 

2.1  Unit objectives 

2.2 Translation 

2.3 Rotation 

 2.3.1 Rotation about the coordinate axes 

2.4 Scaling 

2.5 Reflection 

2.6  Shear 

2.7 Summing up 

2.8 Key terms 

2.9 Answers to check your progress 

2.10 Questions and Answers 

2.11 Suggested Readings 

 

 

2.0 INTRODUCTION 

 

The world consists of three dimensional objects. The objects have height, width and depth. 

Transformation is a process of modifying and re-positioning the existing graphics. The geometric 

transformations plays an important role in generating images of three dimensional objects with the 

help of these transformations. 3D-Transformations take place in a three dimensional plane. 

Transformations are helpful in changing the position, size, orientation, shape etc of the object. The 

three dimensional transformations are an extension to the two dimensional transformations. In 2D 

two coordinates are used, i.e., x and y whereas in 3D three co-ordinates x, y, and z are used. 

 

In this unit, you will learn the transformation techniques of the pictures and images. Geometric 

transformations are mappings from one coordinate system onto itself. The transformations are 

applied to the objects. By transformation, we mean modifying and re-positioning the existing 

graphics. The geometric transformations help to generate the three dimensional objects images. 

Operations such as moving, reflecting, scaling, rotating an image are called geometric 

transformations and will be discussed in this unit for three dimensions.  

 

Three-dimensional transformation is similar to 2D transformations, with some minor differences. 

Here, we have 4 X 4 transformation matrices (in homogeneous coordinate system) instead of 3 X 3 

matrices.  
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In computer graphics, the various transformation techniques are: 

i. Translation 

ii. Rotation 

iii. Scaling 

iv. Reflection 

v. Shear 

Transformation helps to change the size, shape, position etc of an object.  

 

2.1 UNIT OBJECTIVES 

After going through this unit you will be able to  

• Know about the various 3D Geometric transformation techniques 

• Learn how the transformations are done in graphics 

• Know about the different rotational transformation in computer graphics. 

 

2.2 TRANSLATION 

Translation means movement of an object from one position to another. Three dimensional 

translation is moving an object from one position to another in the three dimensional plane. 

Translation is done using translation vectors. The translation vectors are also called translation 

parameters or translation distances. In three dimensional translations, three vectors instead of two 

are used. Translation in the x-direction is represented using tx. The translation is y-direction is 

represented using ty. The translation in the z- direction is represented using tz. 

A point (x,y,z) is translated to a new location (x
/
,y

/
,z

/
) by adding the translation parameters tx , ty 

and tZto the original coordinates x, y and z. 

 x/ = x + tx 

 y
/
 = y + ty 

 Z
/
 = y + tZ 

Three-dimensional transformations are performed by transforming each vertex of the object. If an 

object has three corners, then the translation will be accomplished by translating all the three 

points to new locations. 
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Figure : 3D Translation of a point (x,y,z) 

 

 

 

 Figure : 3D Translation of an object 

The point (x,y,z) becomes (x’,y’,z’) after translation. tx, ty and tzare the translation vectors.  

 

Translation in 3D is a simple extension from that in 2D. In matrix form, 

 1  0  0  tx 



Block II (Unit 2: Dimentional Geometric Transformations)                             

____________________________________________________________________________________ 

INF2046: Computer Graphics and Multimedia 

 0  1  0  ty 

T(tx,ty,tz) =  0  0  1  tz 

  0  0  0  1 

 

This can be written as, 

P
/
 = T.P 

 

• Translation is a rigid body transformation which moves the objects without 

deformation. 

• 3D translation is very similar to 2D translation. 

• There are now three coordinates to translate (tx, ty, tz).  

• A 4X4 matrix is used to perform the three dimensional translation operations.  

 

Example: A Point has coordinates P (1, 2, 3) in x, y, z-direction. Apply the translation with a 

distance of 2 towards x-axis, 3 towards y-axis, and 4 towards the z-axis. Find the new coordinates 

of the point? 

 

Solution: We have, 

Point P = (x0, y0, z0) = (1,2,3) 

Shift Vector = (Tx, Ty, Tz) 

Let us assume the new coordinates of P = (x1, y1, z1) 

Now we are going to add translation vector and given coordinates, then 

X1 = x0 + Tx = (1 + 2) = 3 

 

Y1 = y0 + Ty = (2 + 3) = 5 

Z1 = z0 + Tz = (3 + 4) = 7 

Thus, the new coordinates are = (3, 5, 7) 
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2.3  ROTATION 

3D Transformations take place in a three dimensional plane. In 3D, there are three basic rotations, 

with respect to each of the principle axes X, Y and Z. The 3-dimensional rotation is much more 

complex than that of 2D because 3D transformation rotation can be specified around any line in 

space. The transformations are helpful in changing the position, size, orientation, shape etc of the 

object. 

The transformation matrix for rotation about an arbitrary axis (any axis of rotation other than the 

principle axis) is more complicated.  

In 3 dimensions, there are 3 possible types of rotation- 

• X-axis Rotation 

• Y-axis Rotation 

• Z-axis Rotation 

 

2.3.1  ROTATION ABOUT THE COORDINATE AXES 

The 2D z-axis rotation equations can be extended to 3D as 

 x
/
 = x cos θ - y sin θ 

 y
/
 = x sin θ + y cos θ    (2.1) 

 z/= z 

where θ is the rotation angle. Thus, the 3D z-axis rotation can be expressed in homogeneous 

coordinates as 

 x
/
  cos θ -sin θ   0 0  x 

 y
/
 = sin θ  cos θ   0 0 . y 

 z
/  

0       0   1 0 z 

 1     0     0    0 1 1 

 

which can be rewritten as 

P
/ 
= Rz (θ) .P 
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Figure : Rotation of an object about the z-axis 

 

 

Rotations about the other two axes can be obtained by the following replacement. 

  

X  y  z  x ………………. (2.2) 

 

Substituting the (2.2) in the equation 2.1, the equations for the x-axis rotation are obtained as 

follows: 

 

 y
/
 = y cos θ - z sin θ 

 z
/
 = y sin θ + z cos θ    (2.3) 

 x
/
= x 
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which can be expressed in homogeneous coordinates as 

 

 x
/
    1     0      0   0  x 

 y
/
 = 0  cos θ  - sin θ   0 . y 

 z
/  

0  sin θ   cos θ   0 z 

1    0     0      0   1 1 

 

This can be rewritten as,  

 

P
/ 
= Rx (θ) .P 

 

 

Figure : Rotation of an object about the x-axis 

Substituting (2.2) in the equation 2.3, the equations for the y-axis rotation are obtained as follows: 

 

z
/
 = z cos θ - x sin θ 

 x
/
 = z sin θ + x cos θ    (2.4) 
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 y/= y 

 

which can be expressed in homogeneous coordinates as 

 

 x
/
   cos θ     0   sinθ   0  x 

 y
/
 = 0     1      0   0 . y 

 z/  - sin θ      0  cos θ   0 z 

 1    0     0      0   1 1 

 

This can be rewritten as,  

P
/ 
= Ry (θ) .P 

 

 Figure : Rotation of an object about the y-axis 

Rotate an object about an axis parallel to one of the coordinate axis: 

For rotating an object about an axis parallel to one of the coordinate axis, the following steps needs 

to be performed.   

1. Translate: object is translated in such a way that the rotation axis coincides with the 

parallel coordinate axis.  
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2. Rotate : object is then rotated by the specified angle about that axis.  

3. Translate: the object is finally translated so that the rotation axis is moved backed to 

the original position.  

Mathematically, it can be expressed as, 

P
/
 = T

-1
.R (θ) .T .P 

where R(θ) = T
-1

. Rx (θ) .T is the composite transformation.  

The steps are shown in the figure below.  

 

Figure : Rotating an object about an axis parallel to the x-axis 

 

Rotate an object about an axis not parallel to any of the coordinate axis: 

For rotating an object about an axis not parallel to any of the coordinate axis, the following steps 

needs to be performed.   
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1. Translate: The object is translated such that the rotation axis passes through the 

 coordinate origin.  

2. Rotate : Object is rotated such that its axis of rotation coincides with any of the 

 coordinate axes 

3. Rotate: It is again rotated by the specified angle about the coordinate axis fro where 

 the axis of rotation has passed.  

4. Inverse rotation: This brings the rotation axis to its original position. 

5. Inverse translation: This is done to bring back the rotation axis to its original 

 position. 

 

 

 

  Figure : Rotating an object about an arbitrary axis 

Example: A Point has coordinates P (2, 3, 4) in x, y, z-direction. The Rotation angle is 90 degrees. 

Apply the rotation in x, y, z direction, and find out the new coordinates of the point? 

 

Solution:  

The initial coordinates of point = P (x0, y0, z0) = (2, 3, 4) 
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Rotation angle, θ = 90°   

For x-axis 

Let the new coordinates = (x1, y1, z1) then, 

x1= x0 = 2 

y1= y0 cosθ – z0 sinθ  = 3 x cos90°– 4 x sin90° = 3 x 0 – 4 x 1 = - 4 

z1= y0 sinθ  + z0 cosθ  = 3 x sin90°+ 4 x cos90° = 3 x 1 + 4 x 0 = 3 

The new coordinates of point = (2, -4, 3) 

 

For y-axis 

Let the new coordinates = (x1, y1, z1) then, 

X1= z0 sinθ + x0 cosθ  = 4 x sin90° + 2 x cos90° = 4 x 1 + 2 x 0 = 4 

y1= y0 = 3 

z1= y0 cosθ  – x0 sinθ  = 3 x cos90°– 2 x sin90° = 3 x 0 – 4 x 0 = 0 

The new coordinates of point = (4, 3, 0)  

 

For z-axis 

Let the new coordinates = (x1, y1, z1) then, 

x1= x0 cosθ  – y0 sinθ = 2 x cos90° – 3 x sin90° = 2 x 0 + 3 x 1 = 3 

y1= x0 sinθ  + y0 cosθ  = 2 x sin90° + 3 x cos90° = 2 x 1 + 3 x 0 = 2 

z1= z0 =4 

The New Coordinates of points = (3, 2, 4) 

 

CHECK YOUR PROGRESS – 1 

I. Fill in the blanks : 

 

1. Repositioning an object along a straight line path from one coordinate location to 

 another coordinate location is called___________________. 

2. The translation vectors are also called _____________________. 

3. Translation is a transformation which moves the objects without ______________. 

4. A _________ matrix is used to perform the three dimensional translation 

operations. 

5. In 3D, there are __________ basic rotations, with respect to each of the principle

 axes X, Y and Z. 

6. To rotate an object about an axis parallel to one of the coordinate axis, the steps 

 involved are ______________, ___________________ and _________________. 

7. Inverse rotation is required to rotate an object about an axis not parallel to any of 

 the coordinate axis so as to brings the rotation axis to its ___________ position. 
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8. The transformation matrix for rotation about an ___________________ axis is 

 more complicated.  

 

2.4 SCALING 

Scaling is used to change the size of an object and reposition the object relative to the coordinate 

origin. The size of an object can be increased or decreased by scaling. The object size is changed 

by compressing or expanding its dimensions. 

For example, the point P will be scaled from its original position P(x,y,z) to a new position P
/
 

(x
/
,y

/
,z

/
) relative to the coordinate origin from the scaling matrix expression. 

 

 x
/
  sx     0   0   0  x 

 y
/
 = 0 sy   0   0 . y (2.5) 

 z/       0     0 sz   0 z 

 1    0     0   0   1 1 

 

where sx, sy and sz are the scaling factors in the x, y and z directions. The scaling factor 

determines whether the object size is to be increased or reduced. 

� If scaling factor > 1, then the object size is increased. 

� If scaling factor < 1, then the object size is reduced. 

 

 

x’, y’ and z’ can be written as follows: 

 x
/
= x .sx 

 y/= y .sy 

 z
/
= z .sz 

 

The equation number 2.5 can also be written as  

 P
/
 = S . P 
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Figure : Scaling an object with the scaling parameters set to 2 (Increase in size) 

 

If the transformation parameters are not all equal, relative dimensions in the object are changed. 

The original shape of an object is preserved by uniform scaling that is sx = sy = sz . 

 If all scaling factors Sx=Sy=Sz. Then scaling is called as uniform scaling. If scaling is done with 

different scaling vectors, it is called a differential scaling. 

In the figure above, the scaling parameters sx = sy = sz = 2. This has increased both the size and the 

distance of the object by a factor of 2.  

 

Scaling of an object relative to a fixed point 

The following steps are performed when scaling objects with fixed point (a, b, c). It can be 

represented as below:  

1. Translate fixed point to the origin  

2. Scale the object relative to the origin  

3. Translate object back to its original position. 
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Example: A 3D object that have coordinates points P(1, 4, 4), Q(4, 4, 6), R(4, 1, 2), T(1, 1, 1) and 

the scaling parameters are 3 along with x-axis, 4 along with y-axis and 4 along with z-axis. Apply 

scaling to find the new coordinates of the object? 

 

Solution: We have, 

The initial coordinates of the object = P (1, 4, 4), 

Q (4, 4, 6),  

R (4, 1, 2),  

S (1, 1, 1) 

 

Scaling factor along with x-axis (Sx) = 3 

Scaling factor along with y-axis (Sy) = 4 

Scaling factor along with z-axis (Sz) = 4 

Let the new coordinates after scaling = (x1, y1, z1) 

 

For coordinate P 

x1 = x0 x Sx = 1 x 3 = 3 

y1 = y0 x Sy = 4 x 4 = 16 

z1 = z0 x Sz = 4 x 4 = 16 

Therefore, the new coordinates = (3, 16, 16) 

 

For coordinate Q 

x1 = x0 x Sx = 4 x 3 = 12 

y1 = y0 x Sy = 4 x 4 = 16 

z1 = z0 x Sz = 6 x 4 = 24 

Therefore, the new coordinates = (12, 16, 24) 

 

For coordinate R 

x1 = x0 x Sx = 4 x 3 = 12 

y1 = y0 x Sy = 1 x 4 = 4 

z1 = z0 x Sz = 2 x 4 = 8 

Therefore, the new coordinates = (12, 4, 8) 

 

For coordinate S 

x1 = x0 x Sx = 1 x 3 = 3 

y1 = y0 x Sy = 1 x 4 = 4 

z1 = z0 x Sz = 1 x 4 = 4 

Therefore, the new coordinates = (3, 4, 4) 

 

Thus, the new coordinates after scaling = P (3, 16, 16), Q (12, 16, 24), R (12, 4, 8), S (3, 4, 4). 
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2.5 REFLECTION  

Reflection produces a mirror image of an object. An object is rotated a particular angle about the 

axis of reflection to get the reflected image. 

A 3D reflection can be performed in one of the following ways: 

1. With respect to a selected reflection axis 

2. With respect to a selected reflection plane. 

When reflection is performed with respect to a selected reflection axis, the object of reflection is 

rotated by 180
0
 about that axis. If the reflection is performed with respect to a selected reflection 

plane then also the object is rotated by 180
0
. The plane selected is xy, xz or yz. However, the 

rotation will be performed in 4D space.  

Thus, in 3-dimension, there are three possible types of reflection.  

a. Reflection relative to xy-plane 

b. Reflection relative to yz-plane 

c. Reflection relative to xz-plane 

 

Reflection about the xy- plane  

Reflection relative to the xy-plane can be obtained by the following set of instructions.  

x
/ 
= x  y

/
 = y  z

/
 = - z 

In homogeneous matrix form,  

     1     0   0   0   

 RFxy =   0     1   0   0    

 
 

      0     0 - 1   0  

     0     0   0   1  

 

Reflections about other planes can also be obtained by symmetry.  

Reflection about xy-plane is a useful reflection as it converts a right-handed coordinate system into 

a left-handed coordinate system.  
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Similarly, the transformation matrix representation for the reflection of points with respect to the 

xz-plane (in which only the sign of the y coordinate is changed) is given as follows: 

 

   1 0   0   0   

 RFxz =   0    -1   0   0    

        0     0   1   0  

    0     0   0   1  

 

The figure below shows the reflection transformation with respect to the xz-plane.  

 

 

 

 

X 
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The transformation matrix representation for the reflection in the yz-plane (where only the sign of 

the x-coordinate value is changed) is given as follows: 

 

    -1     0   0   0   

 RFyz =   0     1   0   0    

 
 

      0     0   1   0  

    0     0   0   1  

 

The figure below shows the reflection transformation with respect to the yz-plane.  

 

 

In reflection, the reflected object is always formed on the other side of mirror. Also, size of 

reflected object is same as the size of original object. 

 

 

Example: A 3D triangle with coordinates points P (4, 5, 2), Q (7, 5, 3), R (6, 7, 4). Apply 

reflection on xy plane and find the new coordinates of triangle? 

 

Solution: We have, 

The initial coordinates of triangle = P (4, 5, 2),  

         Q (7, 5, 3),  

         R (6, 7, 4) 

 

Reflection Plane = xy 

Let the new coordinates of triangle = (x1, y1, z1) 
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For Coordinate P (4, 5, 2)– 

X1 = x0 = 4 

y1 = y0 = 5 

z1 = -z0= -2 

Therefore, the new coordinates = (4, 5, -2) 

 

For Coordinate Q (7, 5, 3)– 

X1 = x0 = 7 

Y1 = y0 = 5 

Z1 = -z0= -3 

Therefore, thenew coordinates = (7, 5, -3) 

 

For Coordinate P (6, 7, 4)– 

X1 = x0 = 6 

y1 = y0 = 7 

z1 = -z0= -4 

Therefore, the new coordinates = (6, 7, 4) 

 

 

2.6  SHEAR 

Shear is a technique that changes the shape of an object. It is also called as deformation. Shearing 

causes the objects to look as if the internal layers are caused to slide over each other. The object is 

pulled horizontally by different amounts. In 3-dimension, shear can occur in three directions. 
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   Original        After Shearing 

3D shearing transformation is similar to 2D shearing transformation except that in 3D shearing one 

can shear along the z-axis. Shearing along the x-axis keeps the y-coordinate and the z-coordinate 

unchanged. Only the x-coordinate gets changed. This makes the object tilt towards the x-direction.  

Shearing in X axis is achieved by using the following shearing equations- 

• Xnew = Xold 

• Ynew = Yold + Shy x Xold 

• Znew = Zold + Shz x Xold 

 

The transformation matrix of 3D shearing along the x-axis is as follows: 

 

     1     0   0   0   

 SHx =   a     1   0   0    

        b     0   1   0  

   0     0   0   1  

Where a and b are parameters that can be assigned any real values.  

Shearing in Y axis is achieved by using the following shearing equations- 

Xnew = Xold + Shx x Yold 

Ynew = Yold 

Znew = Zold + Shz x Yold 
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Shearing in Z axis is achieved by using the following shearing equations- 

Xnew = Xold + Shx x Zold 

Ynew = Yold + Shy x Zold 

Znew = Zold 

 

The transformation matrix of 3D shearing along the y-axis and the z-axis is as follows: 

     1     a   0   0   

 SHy =   0     1   0   0    

 
 

      0     b   1   0  

     0     0   0   1 

 

     1     0   a   0   

 SHz =   0     1   b   0    

 
 

      0     0   1   0  

     0     0   0   1  

 

Shearing in the y-axis and the z-axis tilts the object towards the y- and z- directions respectively.  

 

Example: Given a 3D triangle with points (0, 0, 0), (1, 1, 2) and (1, 1, 3). Apply shear parameter 2 

on X axis, 2 on Y axis and 3 on Z axis and find out the new coordinates of the object. 

Solution: We have, 

Initial coordinates of the triangle = A (0, 0, 0),  

B(1, 1, 2),  

C(1, 1, 3) 
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Shearing parameter along with x-axis (Shx) = 3 

Shearing parameter along with y-axis (Shy) = 4 

Shearing parameter along with z-axis (Shz) = 4 

Let the new coordinates of triangle = (x1, y1, z1) 

 

Shearing in  x-axis 

For Coordinate A (0, 0, 0) 

 

Let the new coordinates of corner A after shearing = (Xnew, Ynew, Znew). 

  

Applying the shearing equations, we have- 

Xnew = Xold = 0 

Ynew = Yold + Shy x Xold = 0 + 2 x 0 = 0 

Znew = Zold + Shz x Xold = 0 + 3 x 0 = 0 

  

Thus, the new coordinates of the corner A after shearing = (0, 0, 0). 

 

For Coordinates B (1, 1, 2) 

  

Let the new coordinates of corner B after shearing = (Xnew, Ynew, Znew). 

  

Applying the shearing equations, we have- 

Xnew = Xold = 1 

Ynew = Yold + Shy x Xold = 1 + 2 x 1 = 3 

Znew = Zold + Shz x Xold = 2 + 3 x 1 = 5 

  

Thus, the new coordinates of the corner B after shearing = (1, 3, 5). 

 

For Coordinates C (1, 1, 3) 

  

Let the new coordinates of corner C after shearing = (Xnew, Ynew, Znew). 

  

Applying the shearing equations, we have- 

Xnew = Xold = 1 

Ynew = Yold + Shy x Xold = 1 + 2 x 1 = 3 

Znew = Zold + Shz x Xold = 3 + 3 x 1 = 6 
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Thus, the new coordinates of the corner C after shearing = (1, 3, 6). 

 

Therefore, new coordinates of the triangle after shearing in X axis = A (0, 0, 0),  

B(1, 3, 5),  

C(1, 3, 6). 

  

Shearing in Y Axis- 

  

For Coordinates A (0, 0, 0) 

  

Let the new coordinates of corner A after shearing = (Xnew, Ynew, Znew). 

  

Applying the shearing equations, we have- 

Xnew = Xold + Shx x Yold = 0 + 2 x 0 = 0 

Ynew = Yold = 0 

Znew = Zold + Shz x Yold = 0 + 3 x 0 = 0 

  

Thus, New coordinates of corner A after shearing = (0, 0, 0). 

  

 

For Coordinates B (1, 1, 2) 

  

Let the new coordinates of corner B after shearing = (Xnew, Ynew, Znew). 

  

Applying the shearing equations, we have- 

Xnew = Xold + Shx x Yold = 1 + 2 x 1 = 3 

Ynew = Yold = 1 

Znew = Zold + Shz x Yold = 2 + 3 x 1 = 5 

  

Thus, New coordinates of corner B after shearing = (3, 1, 5). 

  

For Coordinates C(1, 1, 3) 

  

Let the new coordinates of corner C after shearing = (Xnew, Ynew, Znew). 
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Applying the shearing equations, we have- 

Xnew = Xold + Shx x Yold = 1 + 2 x 1 = 3 

Ynew = Yold = 1 

Znew = Zold + Shz x Yold = 3 + 3 x 1 = 6 

  

The new coordinates of the corner C after shearing = (3, 1, 6). 

Thus, New coordinates of the triangle after shearing in Y axis = A (0, 0, 0), B(3, 1, 5), C(3, 1, 6). 

  

Shearing in Z Axis- 

  

For Coordinates A(0, 0, 0) 

  

Let the new coordinates of corner A after shearing = (Xnew, Ynew, Znew). 

  

Applying the shearing equations, we have- 

Xnew = Xold + Shx x Zold = 0 + 2 x 0 = 0 

Ynew = Yold + Shy x Zold = 0 + 2 x 0 = 0 

Znew = Zold = 0 

  

The new coordinates of corner A after shearing = (0, 0, 0). 

  

For Coordinates B(1, 1, 2) 

  

Let the new coordinates of corner B after shearing = (Xnew, Ynew, Znew). 

  

Applying the shearing equations, we have- 

Xnew = Xold + Shx x Zold = 1 + 2 x 2 = 5 

Ynew = Yold + Shy x Zold = 1 + 2 x 2 = 5 

Znew = Zold = 2 

  

The new coordinates of corner B after shearing = (5, 5, 2). 

  

For Coordinates C(1, 1, 3) 

  

Let the new coordinates of corner C after shearing = (Xnew, Ynew, Znew). 

  

Applying the shearing equations, we have- 
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Xnew = Xold + Shx x Zold = 1 + 2 x 3 = 7 

Ynew = Yold + Shy x Zold = 1 + 2 x 3 = 7 

Znew = Zold = 3 

  

The new coordinates of corner C after shearing = (7, 7, 3). 

 

Hence the new coordinates of the riangle after shearing in Z-axis = A(0,0,0), B (5,5,2), C (7,7,3) 

 

 

CHECK YOUR PROGRESS – 2 

I. Fill in the blanks: 

a. ________________ is used to change the size of an object and reposition the object 

 relative to the coordinate origin. 

b. If scaling factor is greater than 1, then the object size is ________________. 

c. The original shape of an object is preserved by ___________ scaling. 

d. Reflection produces a __________________ image of an object. 

e. If the reflection is performed with respect to a selected reflection plane then the 

 object is rotated by__________________. 

f. ___________________ transformation distorts the shape of the objects and they 

 appear to look as if the internal layers are caused to slide over each other. 

g. 3D reflection can be performed with respect to reflection axis and reflection 

 __________________. 

h. Reflection about xy-plane is a useful reflection as it converts a right-handed 

 coordinate system into a ______________________ coordinate system.  

 

2.7  SUMMING UP 

 

1. Repositioning an object along a straight line path from one coordinate location to 

 another coordinate location is called translation transformation 

2. A 4X4 matrix is used to perform the 3D transformation operations.  

3. In 3D, there are three basic rotations, with respect to each of the principle axes X, Y 

 and Z. 

4. Scaling changes the size of an object and repositions the object relative to the 

 coordinate origin. 

5. Like 2D scaling, in 3D scaling also the size of an object is changed by compressing 

 or expanding its dimensions. 

6. The original shape of an object is preserved by uniform scaling that is sx = sy = sz 



Block II (Unit 2: Dimentional Geometric Transformations)                             

____________________________________________________________________________________ 

INF2046: Computer Graphics and Multimedia 

7. Reflection produces a mirror image of an object. 

8. When reflection is performed with respect to a selected reflection axis, the object of 

 reflection is rotated by 180
0
 about that axis. 

9. If the reflection is performed with respect to a selected reflection plane then also the 

 object is rotated by 1800 

10. Shear transformation distorts the shape of the objects and they appear to look as if 

 the internal layers are caused to slide over each other. 

11. 3D shearing transformation is similar to 2D shearing transformation except that in 

 3D shearing one can shear along the z-axis. 

12. Complex geometric and coordinate transformations can be done from the basic 

 transformations. 

 

2.8  KEY TERMS 

 

• Transformation: Transformation techniques are used to modify the current shape 

 or object in a particular manner.  

• A translation vector is a type of transformation that moves a figure in the 

 coordinate plane from one location to another. 

• Rotationis a process of changing the angle of the object. Rotation can be clockwise 

 or anticlockwise. 

• Scaling is a process of modifying or altering the size of objects. Scaling may be 

 used to increase or reduce the size of object. 

• Scaling factor: Scaling factor is the scale by which a figure is bigger or smaller 

 than the original figure. sx, sy and sz are the scaling factors in the x, y and z 

 coordinates 

• Reflection :Reflection is the mirror image of original object. It is a  180° rotation 

 operation 

• Shearing : Shearing is an ideal technique to change the shape of an existing object 

 in a three dimensional plane. 

 

2.9  ANSWER TO CHECK YOUR PROGRESS 

CHECK YOUR PROGRESS – 1 

I. 

1. Translation 

2. translation parameters or distances 
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3. deformation 

4. 4X4 

5. Three 

6. Translate, rotate, rotate 

7. Original 

8. arbitrary 

 

CHECK YOUR PROGRESS – 2 

I. 

a. Scaling 

b. Increased 

c. Uniform 

d. mirror.  

e      1800 

f    Shear 

g   Plane 

h   left-handed 

 

2.10  QUESTIONS ANS ANSWERS 

1. Explain translation of objects in three dimension. 

2. How can you rotate an object about an axis parallel to one of the coordinate axis? 

3. Show the steps to rotate an object about an axis not parallel to any of the coordinate axis. 

4. Explain 3D Refection and Shearing of objects 

 

2.11  SUGGESTED READINGS  

1. Computer Graphics By Donald Hearn and M. Pauline Baker 

2. Computer Graphics, Schaum's Outlines, Plastock and Kalley, McGraw-Hill © 1986 

3. Computer graphics: principles and practice by James D. Foley 

 

******************* 
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UNIT – 4 

Two Dimensional Clipping Operations 

 

 

Contents: 

4.1 Introduction 

4.2 Objectives 

4.3 Two Dimensional Clipping 

4.4 Point Clipping 

4.5 Line Clipping 

4.5.1Cohen–Sutherland Line Clipping Algorithm 

4.5.2 Midpoint Sub Division Method 

4.5.3 Concept of Parametric Clipping 

4.5.4 Liang–Barsky Line Clipping Algorithm   

4.5.5 Cyrus–Beck Line Clipping Algorithm 

4.6 Polygon Clipping 

 4.6.1 Sutherland–Hodgeman Polygon Clipping Algorithm 

4.7 Curve Clipping 

4.8 Text Clipping 

4.9 Summing Up 

4.10 Suggested Readings 

4.11 Model Questions 

4.12 Answer to check your progress 

 

 

4.1 Introduction 

Any techniques that identify pieces of a picture that are either inside or outside a specific region 

of space are known as clipping algorithms, or simply clipping.A clip window is the area against 

which an object will be clipped.Internal clipping eliminates sections of a picture that are outside 

of a viewing window, whereas external clipping removes elements of a picture that are within a 

viewing window. Two basic clipping techniques are line clipping and polygon clipping.Line 

clipping algorithms take two endpoints of a line segment as input and produce one or more line 

segments, whereas polygon clipping algorithms take the vertices of a polygon as input and 

output one or more polygons.Clipping can be done in a variety of methods, some of which are 

listed below: 

• Point Clipping 

• Line Clipping 

• Polygon Clipping’ 

• Text Clipping 

• Curve Clipping 
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There are also numerous algorithms for performing various types of clipping operations, some of 

which will be discussed in this unit.  

Line Clipping Algorithms: 

• Cohen Sutherland Line Clipping 

• Midpoint subdivision Line Clipping 

• Liang–Barsky Line Clipping and 

• Cyrus–Beck Line Clipping 

Polygon Clipping Algorithm: 

• Sutherland–Hodgeman Algorithm 

 

4.2 Objectives 

After going through this unit, you should be able to: 

• Explain the concept of clipping; 

• Explain how to point clipping is performed; 

• Examine how to line clipping is performed; 

• It is really important to understand and use the algorithms that make up the line clipping 

concept; 

• Explain how polygon clipping is performed; 

• It is really important to understand and use the algorithms that make up the polygon 

clipping concept; 

• Explain how to curve clipping is performed, and  

• Explain how text clipping is performed. 

 

 

 

 

 

 

 

 

 

 

 

 

STOP TO CONSIDER 

WINDOW may be defined as the world coordinates are selected for display. 

VIEWPORT refers to the area to the area where the window is mapped. Thus, 

WINDOW specifies what is to be shown or displayed whereas the VIEWPORT 

specifies where it is to be shown or displayed. In terms of Clipping, it is necessary to 

mention these two coordinates namely WINDOW and VIEWPORT coordinates, as 

well as the transformation from WINDOW to VIEWPORT coordinates. 
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4.3 Two Dimensional Clipping 

As we know, viewing requires us to define a viewing window, often referred to as a clipping 

window. This window may assume that we have a rectangular window and have a clipping 

algorithm to clip line segments against it. This window may be rectangular, circular, or in any 

arbitrary shape. But for computer processing, rectangular and circular windows have been 

studied extensively. Most of the developed techniques have been based on a rectangular window 

that is defined by a set of four lines: x=Left, x=Right, y=Top, y=Bottom. The visible portion of a 

window is defined by the boundary region between these four lines segments given in Figure1. 

 

 

 

             

             

             

             

             

              

 

Figure 1:A rectangular Window 

 

The portion of the picture that lies inside the window should be displayed, and the other areas of 

the picture should not be displayed. A clipping algorithm determines whether points, lines or 

portions of the lines are within the clipping window. Points and lines within the window are 

retained for display, and all other points and lines are discarded. 

 

4.4 Point Clipping 

Point clipping is a technique of removing those points that lie outside the window region. The 

points lying inside the window or at its boundary are not clipped. Consider a rectangular point 

clipping window; the lowest and highest coordinate values, i.e. (XWmax, YWmax) and (XWmin, 

YWmin), are sufficient to establish window size, and any point P = (X, Y) that can be displayed 

must satisfy the inequalities below.Otherwise, the point will not be visible. Thus, the point will 

be clipped or not can be decided based on the following inequalities. 

 

XWmin ≤ X ≤ XWmax and 

YWmin ≤ Y ≤ YWmax 

 

WINDOW 

Left Right 

Bottom 

Top 

(1) 
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Where XWmin and XWmax are the edges of the clipping window parallel to the y-axis; YWmin 

and YWmax are the edges of the clipping window parallel to the x-axis. 

It is to be noted that P (x, y) must satisfy all inequalities of Equation (1) to display P=(x, y) on an 

output device. If the point does not satisfy any of the inequalities, it will be clipped (not saved for 

display). Though point clipping is less frequently used as compared to other clipping techniques, 

in some situations, such as the scenes involving particle movements such as explosion, dust, 

seafoam etc., it is quite useful. 

 

4.5 Line Clipping: 

A line clipping is a technique of removing lines or portions of lines outside the clipping window 

region. This technique tests each line segment in a scene to determine whether it completely lies 

inside the clipping window, or outside the clipping window, or intersects one or more clipping 

boundaries. The line segments are processed by applying the inside-outside tests. The line 

segments with both endpoints inside the clipping window are saved for display. The line 

segments with both endpoints outside the clipping window are clipped. For all those lines which 

intersect one or more clipping boundaries, some more calculations need to be performed.  

 

             

             

             

             

             

             

             

Figure 3:Line Clipping 

In Figure 3, since the line segment P3P4 lies completely inside the clipping boundaries, it is 

saved for display; whereas the line segment P1P2 lies completely outside the clipping boundaries, 

hence it is discarded. However, the line segmentP5P6 intersects the left clipping boundary, and 

some more calculations are to be performed. To reduce such intersection calculations, we can 

apply a more efficient clipping algorithm.For any line segment whose one or both endpoints lie 

outside the clipping window, we can use the following parametric representation: 

X = X1 + u (X2 – X1)and 

Y = Y1 + u (Y2 – Y1), 0 ≤u ≤ 1 

Where (X1, Y1) and (X2, Y2) is the endpoints of a line segment and u is the parameter ranging 

from 0 to 1.  

From this representation, we could find the value of parameter u, which further helps us in 

determining the intersections with the clipping boundaries. If the value of u does not lie between 

0 and 1, the line does not enter the interior of the window at that boundary and thus can be 

discarded. Otherwise, the line segment intersects the clipping area. This procedure is iteratively 

P1 

P2 

P3 

P4 

P5 

P6 
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applied to each clipping boundary edge to determine which part of the line segment is to be 

displayed. However, such tests require a good deal of computation and are slower as well. A lot 

of line clipping algorithms is available in the area of computer graphics, but we will focus on the 

following Line clipping methods, which are named after their creators: 

1) Cohen–Sutherland algorithm 

2) Midpoint subdivision method 

3) Liang–Barsky algorithm 

4) Cyrus–Beck algorithm 

 

4.5.1. Cohen-Sutherland Line Clipping Algorithm 

It is one of the oldest and popular algorithms used for clipping line segments. The basic idea 

behind this algorithm is to perform some initial tests of line segments to reduce the number of 

intersections to be calculated and to speed up the processing of line segments. The algorithm 

determines whether a line segment lies completely inside the clipping window, or completely 

outside the clipping window, a line falls in one of the following three defined clipping 

categories: 

� Visible: In this, both the line endpoints lie inside the clipping window. For example, in 

Figure 4, lines PQ and ST are visible lines. 

� Not visible: In this, both the line endpoints lie outside the clipping window. For example, 

in Figure 4, line WX is not visible. 

� Partially visible: In this, the line endpoints neither lie inside nor outside the clipping 

window completely. That is, the line intersects one or more clipping boundaries. For 

example, in Figure 4, lines UV and YZ are partially visible. 

 

 

 

 

 

      

 

 

 

 

 

Figure 4:Visible, Not Visible and Partially Visible 

 

XWmin XWmax 

U 

V 

Q 

P 

Y 

Z 
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T 
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X 

YWmin 

YWmax 



Block II (Unit 4: Two Dimensional Clipping Operations) 

INF2046: Computer Graphics and Multimedia 

Cohen-Sutherland algorithm requires a window in a rectangular shape, and thus, it is not a 

general procedure. The four parameters that define a rectangular window are (XL, XR, YB, and 

YT), where the parameters determine the left, right, bottom, and top boundaries, respectively. 

Inside the window, any point must satisfy the following relationship: 

XL< X < XRand  

YB< Y < YT 

where the coordinates of the point are (x, y). The above concept is used to determine the 

visibility line segments also. Cohen and Sutherland simplified the method by assigning a four-bit 

code to each line's endpoint. These four-bit codes are referred to as "region codes" (shown 

below). 

 

1001 1000 1010 

0001 0000 0010 

0101 0100 0110 

Here, each bit in a code corresponds to one of the four regions outside the window boundaries, 

i.e. the first bit is on the left, the second on the right, the third on the bottom, and the fourth on 

the top. After obtaining area codes for all line segments, we can simply distinguish between 

visible and invisible lines.The line is completely visible if both endpoint codes are 0000.The line 

is completely invisible if the logical AND of the two endpoint codes is not 0000.The intersection 

of the remaining lines with the window boundaries will be tested.The interiors of the windows 

may or may not be intersected by these lines.As a result, these lines may be completely outside 

the window zone or a portion of them may fall inside the window. 

For a line joining (x1,y1) and (x2, y2),  

m = (Y2-Y1) / (X2-X1),  

and if the line passes through (x, y) then, 

y= m(x – x1) + y1. 

Let (x, y) be the point of intersection of the line with a window edge. Then either x = XL or XR to 

calculate y or y = YB or YT to calculate x. 

For left edge:  y = m (XL– X1) + Y1;  m ≠ ∞ 

For right edge: y = m (XR – x1) + Y1;   m ≠ ∞ 

For bottom edge: x = 1/m (YB – Y1) + X1;  m ≠ 0 

For top edge:   x = 1/m (YT – Y1) + X1;  m ≠ 0 

For horizontal lines:y2 – y1= 0 => if x1<xL, then x = xL and if x1>xR, then x = xR. 

For vertical lines:x2 – x1= 0 => if y1<yB, then y = xB and if y1>yR, then y = yT. 

Finally, we are to check whether yB≤ y ≤yT and xL≤ x ≤xR 

(2) 
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Example 1: Consider the line P1 (-1, 1) to P2 (9, 3). Determine its visibility against the clipping 

window (rectangular) defined by vertices (0, 0), (8, 0), (8, 4) and (0, 4) using Cohen-Sutherland 

algorithm (see Figure 5). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:Cohen–Sutherland Clipping(Example 1) 

 

Solution:The slope of the line is m = (y2–y1) / (x2–x1) = (3–1) / (9+1) = 2/10 = 1/5 

For left edge:  x = xL= 0,  y = m (xL– x1) + y1= 1/5(0+1) +1 = 6/5 

For right edge: x = xL= 0,  y = m (xR– x1) + y1 = 1/5(8+1) +1 = 14/5 

For bottom edge: y = yB= 0, x = 1/m (yB– y1) + x1 = 5(0–1) –1 = –6 

For top edge:  y = yB= 0, x = 1/m (yT– y1) + x1 = 5(4–1) –1 = 14 

Now, we are to check whether yB≤ y ≤yT and xL≤ x ≤xRor not. The intersections with the left 

and right edges are the only ones that satisfy the aforesaid requirements. Hence, we get the 

intersecting points as (0, 6/5) and (8, 14/5) respectively. 

 

4.5.2. Midpoint Subdivision Method 

The midpoint subdivision method is a simple recursive method based on binary search and 

divide-and-conquer strategy for clipping of lines. The algorithm performs the test using endpoint 

codes and finds if the line is visible or invisible. If the test fails, the algorithm divides (bisects) 

the line segment in two halves using the midpoint formula, and the two halves are tested for 

visibility separately by a similar process of test and divide to find the intersection endpoints 

defining the visible portion inside the window. It is a recursive algorithm wherein the base 

criterion is reached when the line is within the boundary of the window.  

The midpoint (Xmid, Ymid) of the line segment with endpoints P1(x1, y1) and P2(x2, y2) is    

Xmid= (x1 + x2) / 2 and  

Ymid = (y1 + y2) / 2 

The steps of the algorithm may be summarized as follows: 

A(0, 0) B(8, 0) 

C(8, 4) D(0, 4) 

P1(-1, 1) 

P2(9, 3) 

(3) 
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Step 1: [Test visibility]  

If the endpoints P1(x1, y1) and P2(x2, y2) are visible, then the line lies inside the clipping 

window. Return P1P2 as a visible segment. Else go to Step 2. 

Step 2: [Test invisibility]  

If the line segment with endpoints P1(x1, y1) and P2(x2, y2) is trivially invisible, then no output is 

generated in the clipping window. Else go to Step 3. 

Step 3: [Repeat Step 4 until line reduces to point satisfying the visibility test] 

Step 4: [Perform bisection and obtain midpoint] 

Obtain the midpoint Pm (xmid, ymid) by dividing the line P1P2 using equation (3). Apply visibility 

tests to two segments P1Pm and PmP2 one by one. Continue with P1Pm and obtain midpoint by 

overestimation of the farthest visible point if PmP2 is trivially rejected. Otherwise, the midpoint is 

an underestimation of the farthest visible point and continues with P2Pm. If the segment becomes 

 too small, and the midpoint corresponds to a point or specified endpoint, evaluate it for visibility 

of point and the process is complete. Figure 6 illustrates the concept of midpoint selection and 

evaluation of the visible portion of the line segment P1P2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6:Examples of midpoint subdivision 

 

4.5.3 Concept of Parametric Clipping 

A line can be expressed parametrically as 

P (t) = P1 + (P2 – P1) t; 0 ≤ t ≤ 1 

P(t) is the correct position vector, and t is the parameter. Restriction of value tbetween 0 and 1 

makes it a finite line segment. We have a pair of parametric equations in a two-dimensional 

Cartesian coordinate system: 

x (t) = x1 + (x2 – x1) t; 0 ≤ t ≤ 1 

y (t) = y1 + (y2 – y1) t; 0 ≤ t ≤ 1 

The following formula can be used to calculate the value of the parameter t: 

t = (P (t) – P1) / (P2 – P1) 

P1 
Pm1 

Pm 

Pm2 

P2 

P1 

P2 

Pm 

(4) 

(5) 

(6) 

(7) 
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For a regular rectangular window, one of the coordinates for each intersection with the window 

edges is known. Only the other is to be calculated. Let us denote the left, right, top and bottom 

window edges by lines: x = xL, x = xR, y = yT, and y = yB 

For intersections with the window boundaries, the following t-values can be obtained. 

Left edge: t = (xL – x1) / (x2 – x1); 0 ≤ t ≤ 1 

Right edge: t = (xR – x1) / (x2 – x1); 0 ≤ t ≤ 1 

Top edge: t = (yT – y1) / (y2 – y1); 0 ≤ t ≤ 1 

Bottom edge: t = (yB – y1) / (y2 – y1); 0 ≤ t ≤ 1 

In any case, it t is outside the range of 0 ≤ t ≤ 1, and then those solutions are discarded since they 

represent points beyond the end of the line segment. 

 

Example 2: 

The window (xL,xR,yT,yB) ≡ (–1, 1, –1, 1). For the line:P1 (–3/2, –3/4) toP2 (3/2, 1/2). Calculate 

the intersecting points with the window edges. 

Solution:The first two t-values are within a reasonable range.As a result, the line only intersects 

the left and right boundaries. 

Table 1: Computation of parametric intersections (Example 2) 

Edge P (t) – P1 P2 – P1 t 

Left xL – x1 = 1/2 x2 – x1 = 3 1/6 

Right xR – x1 = 5/2 x2 – x1 = 3 5/6 

Bottom yB – y1 =–1/4 y2 – y1 = 5/4 –1/5 

Top yT – y1 = 7/4 y2 – y1 = 5/4 7/5 

 

 

4.5.4. Liang-Barsky Clipping Algorithm 

The Liang-Barsky clipping algorithm is another clipping algorithm that can be applied to regular 

rectangular clipping windows only. This algorithm deals with a line in its parametric form. The 

parametric equation of a line between points (x1, y1) and (x2, y2), in terms of parameter t, can be 

expressed as    

x = x + ∆x. t and y = y + ∆y. t 

where ∆x = x2 – x1 and ∆y = y2 – y1. The parametric line is defined in the range of 0 ≤ t ≤ 1.  

 

For the extended line, this range is –∞ < t < +∞. The extended parametric line cuts the extended 

clipping window boundaries at parameter values tL, tR, tB, and tT, where the suffixes left, right, 

bottom and top respectively. 

   tmin = max (0,tL,tB) and tmax = (1,tR,tT) 

 

Now, for any point (x, y) inside the clipping window [((x, y) is a point on the line between points 

(x1, y1) and (x2, y2)], the following inequalities hold. 

(8) 

(9) 



Block II (Unit 4: Two Dimensional Clipping Operations) 

INF2046: Computer Graphics and Multimedia 

xmin≤ x1 + ∆x. t 

xmax ≥ x1 + ∆x. t 

ymin ≤ y1 + ∆y. t 

ymax ≥ y1 + ∆y. t 

 

where t is the value of the parameter at point (x, y). The above four inequalities can be expressed 

commonly as   pi
t≤ qi; for I = 1, 2, 3, 4 

where  

p1 = –∆x; q1 = x1 – xmin 

p2 = ∆x; q2 = xmax – x1 

p3 = –∆y; q3 = y1 – ymin 

p4 = ∆y; q4 = ymax – y1 

 

In the above equations, the indices i = 1, 2, 3 and 4 stands for four window boundaries, i.e., left, 

right, bottom and top boundaries respectively. Now, we can observe the following facts: 

1. pi = 0 ⇒ the line is parallel to the ith boundary. 

–qi< 0 ⇒ the line is completely on the invisible side 

–qi ≥ 0 ⇒ the line is completely on the visible side 

2. pi < 0 ⇒ the line comes from outside to inside the window intersecting the ith boundary. 

3. pi > 0 ⇒ the line goes from inside to outside the window intersecting the ith boundary. 

4. pi ≠ 0 ⇒ the value of the parameter t at the intersection with the ith boundary is found to 

be t = qi/pi 

 

Example 3: Window is: (–1, 1, –1, 1). The line is P1(–5/2, –1) to P2(3/2, 2). Find intersection 

points using the Liang-Barsky clipping algorithm. 

Solution: 

The general equation of a parametric line is P (t) = P1 + (P2 – P1) t; 0 ≤ t ≤ 1 

From the equation we get, t = (P (t) – P1) / (P2 – P1)  

The computation of parametric intersections is given in Table 2. 

Table 2: Computation of parametric intersections (Example 3) 

 

 

 

 

 

 

We observed from table 2 that all the t-values are outside the range of 0 ≤ t ≤ 1. If we plot the 

values of t in the clipping window, then we can say that the line is partially visible. 

 

Edge P(t) – P1 P2 – P1 t 

Left xL – x1 =–3/2 x2 – x1 =–8/2 3/8 

Right xR – x1 = 7/2 x2 – x1 = –8/2 –7/8 

Bottom yB – y1 =0 y2 – y1 = 3 0 

Top yT – y1 = 2 y2 – y1 = 3 2/3 

(10) 

(11) 
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P (t) 

n 

P2 

P1 

Q 

P (t) 

P (t) 

n 

n 

Example 4:Window is: (–1, 1, –1, 1). The line is P1(–1/2, 1/2) to P2(1/2, –1/2). Find intersection 

points using the Liang-Barksy clipping algorithm. 

Solution: 

The general equation of a parametric line is P (t) = P1 + (P2 – P1) t; 0 ≤ t ≤ 1 

From the equation we get,t = (P (t) – P1) / (P2 – P1) 

The computation of parametric intersections is given in Table 3. 

Table 3: Computation of parametric intersections (Example 4) 

 

 

  

  

 

 

 

4.5.5. Cyrus-Beck Clipping Algorithm 

The general equation of a parametric line is P (t) = P1 + (P2 – P1) t; 0 ≤ t ≤ 1 

For every value of t, if Q is a boundary point of the convex area R and n is an inward normal 

vector for one of the boundaries, i.e., at any particular point on P1P2. 

n.|P (t)–Q| <0implies that the vector |P (t)–Q| is pointed away from the interior of R. 

n.|P (t)–Q| = 0implies thatthe vector |P (t)–Q| is parallel to the plane containing Q and 

perpendicular to the normal. 

n.|P (t)–Q| >0implies thatthe vector |P (t)–Q| is pointed towards the interior of R. 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7:Cyrus-Beck clipping principle 

Edge P (t) – P1 P2 – P1 t 

Left xL – x1 =–1/2 x2 – x1 = 1 –1/2 

Right xR – x1 = 3/2 x2 – x1 = 1 3/2 

Bottom yB – y1 =–3/2 y2 – y1 = –1 3/2 

Top yT – y1 = 1/2 y2 – y1 = –1 –1/2 
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If we consider a closed convex polygon, an infinite line intersects the window at exactly two 

points that do not lie on the same boundary. Thus, n.|P (t)–Q| = 0 has only one solution. If the 

point Q lies in the boundary edge for which n is normal, then the point P (t)on the line satisfies 

the above condition at the intersection of the line and the boundary edge. Figure 7 depicts the 

scenario as a whole. 

 

Example 5 

Check the line is completely visible or not. The line to clip: from P1 (1, 1) to P2 (7, 2). Window: 

rectangular defined by vertices (0, 0), (8, 0), (8, 4), (0, 4) (see Figure 8) 

Solution:The parametric equation is:P (t) = P1 + (P2 – P1) t = (6t+ 1) i + (t + 1) j; 0 ≤ t ≤ 1 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Cyrus-Beck clipping (Example 5) 

 

Table 4: Computation of parametric intersections(Example 5) 

Edge n Q P (t)–Q n.|P (t)–Q| t 

Left i (0, 0) (6t+ 1) i + (t + 1) j 6t+ 1 –1/6 

Right –i (8, 4) (6t– 7) i + (t– 3) j 7 – 6t 7/6 

Bottom j (0, 0) 6t+ 1) i + (t + 1) j t+ 1 –1 

Top –j (8, 4) (6t– 7) i + (t– 3) j 3 – t 3 

 

From Table 4, we observe that for intersections with all the window boundaries, values of t lie 

outside the range 0 ≤ t ≤ 1. The entire line is visible because it is completely within the viewport. 

 

Example 6: Consider the line from P1 (–1, 1) to P2 (9, 3). Determine its visibility against the 

clipping window (rectangular) defined by vertices (0, 0), (8, 0), (8, 4), (0, 4) using the Cyrus-

Beck algorithm. 

Solution: The parametric equation for the given line is: 

P (t) = P1 + (P2 – P1) t = (10t – 1) i + (2t + 1) j; 0 ≤ t ≤ 1 

Here, d = P2 – P1 =10i + 2j. Calculations of parametric intersections are shown in Table 5. 

A (0, 0) B (8, 0) 

C (8, 4) D (0, 4) 

P1 (1, 1) 

P2 (7, 2) 
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Table 5: Computation of parametric intersections(Example 6) 

Edge n Q w n.w n.d tmin tmax 

Left i (0, 0) –i + j –1 10 1/10 –– 

Right –i (8, 4) –9i – 3j 9 –10      –– 9/10 

Bottom j (0, 0) –i + j 1 2 –1/2 –– 

Top –j (8, 4) –9i – 3j 3 –2 –– 3/2 

 

In the earlier example, the clipping window was a conventional rectangular clipping window. 

However, the significance of the Cyrus–Beck algorithm is its applicability to windows of 

arbitrary (convex). In the following example, we consider one such non-rectangular window. 

 

Example 7: Consider the line P1 (–1, 1) to P2 (9, 3). Determine its visibility against the clipping 

window (pentagon) defined by vertices A(5, 8), B(1, 6), C(2, 1), D(9, 6) using the Cyrus-Beck 

algorithm. 

Solution:The parametric equation for the given line is: 

P (t) = P1 + (P2 – P1) t = (10t – 1) i + (2t + 1) j; 0 ≤ t ≤ 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Convex window corresponding (Example 7) 

 

Here, d = P2 – P1=10i + 2j.  

Windows boundaries are: AB = –4i –2j, BC = i –5j, CD = 6i + 0j, DE = i + 5j, and EA = –4i + 2j 

Table 6 shows the normal vectors to the window edges. Now, following the logic of the Cyrus-

Beck algorithm, appropriate values of tmin and tmax come out to be 5/16 and 15/16 corresponding 

to edge BC and DE. The intersection with BC is (2.12, 1.62), while the intersection with DE is 

(8.4, 2.9).Tables 6 and 7 present the result. 

 

 

P2(9, 3) 

P1(–1, 1) 

A(5, 8) 

B(1, 6) 

C(2,1) D(8, 1) 

E(9, 3) 
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Table 6: Computation of normal vectors (Example 7) 

Edge Edge vector Inward normal 

AB –4i –2j i –2j 

BC i –5j 5i –j 

CD 6i + 0j 0i –j 

DE i + 5j –5i + j 

EA –4i + 2j –i –2j 

 

Table 7: Computation of normal vectors (Example 7) 

Edge n Q w n.w n.d tmin tmax 

AB i –2j (5, 8) –6i – 7j 8 6 –4/3 –– 

BC 5i –j (2, 1) –3i –15 48 5/10 –– 

CD j (2, 1) –3i 0 2 0 –– 

DE –5i + j (8, 1) –9i 45 –48 –– 15/16 

EA –i – 2j (5, 8) –6i – 7j 20 –14 –– 10/7 

 

 

 

 

 

 

             

        

4.6 POLYGON CLIPPING 

A polygon is a closed figure bounded by straight lines with one bounded component and one 

unbounded component. Computer graphics deals with both convex and concave polygons. If we 

traverse a polygon in one direction, we fix the orientation of the polygon. That is, we can identify 

two sets of points: a set of points inside the polygon and another set of points outside the 

polygon. 

A convex polygon has no extended sides that cut other sides or vertices; it can only be split in 

two points by a straight line. A line segment connecting any two points of the interior of the 

convex polygon does not go outside the polygon; none of the interior angles is greater than 180 

degrees [Figure 9(a)]. This is the most studied polygon variant in graphics. Concave polygons 

do not satisfy this property [Figure 9(b)]. Many a time, problems involving concave polygons 

are solved by portioning them into more than one convex ones.  

A polygon is represented as a set of vertices as P1, P2, …, Pn with the assumptions that PiPi+1 is 

an edge for i=1, 2,..., n–1 and PnP1 is also an edge. In such a case, the polygon can be represented 

as a circular link list. With the help of this presentation, a polygon traverse is equivalent to 

traversing a circular link list. 

 

STOP TO CONSIDER 

The straight line is composed of an unlimited number of points that are linked on both 

sides of a point.Straight lines can be horizontal, vertical, or inclined in any direction. The 

standard equation of a straight line is, y = mx + c where m is the slope of the line. 
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Figure 9: (a) A convex polygon; (b) a concave polygon 

The suppression of graphics outside a predefined area is called clipping. Because a polygon is 

often kept as a collection of vertices, any clipping technique will generate a new collection.After 

all, a cropped polygon is still a polygon.The clipped polygon usually has more vertices than the 

unclipped polygon, although it can alternatively have the same number or fewer.The clipped 

polygon has zero vertices if the unclipped polygon is totally outside the clipping boundary. 

 

4.6.1 Sutherland – Hodgeman Polygon Clipping  

There are a number of well-known polygon clipping algorithms, each with its own set of 

advantages and disadvantages. The oldest one is called the Sutherland-Hodgeman algorithm. It is 

relatively straightforward in its most basic form. It can also be used in two situations: when the 

polygon is completely within the borders and when it is completely outside the boundaries. This 

algorithm compares each window edge to the polygon as a whole. It starts with a set of polygon 

vertices and creates a new set of vertices by clipping against the left window edge. The new set 

of vertices is now clipped against the bottom edge, the right edge, and the top edge respectively. 

Sutherland-Hodge approaches the challenge using a divide-and-conquer strategy. The polygon is 

initially clipped using the right clipping boundary. The (partially clipped) polygon is then clipped 

against the top boundary, followed by the other two boundaries. It works in any order to make 

sure that all the edges of the clipping polygon are taken sequentially (Figure 10). 

 

             

             

             

             

             

             

             

             

             

             

             

             

   

(a) Convex polygon (b)Concave polygon 

(a) (b) (c) 

(d) (e) (f) 
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Figure 10: Clipping of polygon using Sutherland–Hodgeman technique 

A new set of vertices is created and handed to the next window boundary clipper at each step. 

Possible causes for the vertices to be clipped are as follows: 

Case 1:The intersection point with the window edge and the current vertex are both added to the 

new vertex list if the previous vertex was outside the window boundary and the current vertex 

was inside. 

Case 2: If both the vertices are inside the window, then only the current vertex will be added to 

the list. 

Case 3: If the previous vertex is inside the window boundary, and the current vertex outside the 

window boundary, then only the intersection point with the window edge is added to the list. 

Case 4: If both the vertices are outside the window boundary, then the intersection points are 

tested for visibility and then added to the vertex list. 

This way, we get a new polygon, clipped against one boundary and ready to be clipped against 

the next boundary. The method works, but it has one drawback: in order to clip against all four 

boundaries, you must save the intermediate (partially clipped) polygons. This is a costly 

operation (Figure 11). 

 

 

             

             

             

             

             

             

             

             

 

Figure 11: Evaluating polygon edges against the left boundary of the clipping window 

 

To reconcile, Sutherland-Hodgeman comprises two key processes in the algorithm: 

1) Perform the inside-outside test to determine the visibility of a point or vertex. 

2) Find the point where the polygon edge and the clipping plane intersect. 

Let us consider a method to determine the visibility of a vertex or a point. Let V be the vertex 

under consideration and AB the window boundary. Vectors AB and AV line in the plane defined 

by three points A, B, and V. If this plane is considered in the xy plane, then the vector cross 

product AV X AB has a z component given by  

(XV – XA)(YB – YA) – (YV – YA)(XB – XA). 

V2 

V3 

V1 
(a) 

Out  In  In  In  In  Out Out  Out 

Output: V3, V2 Output: V2 Output: V3 Output: None 

V2 

V1 

(b) 

V2 
V3 

V1 

(c) 

V1 

V2 

(d) 
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The sign of the z-component decides the position of point V concerning the window boundary. 

This is how the user interface is described: 

z>0: Point is on the right side of the window boundary. 

z=0: point lies on the window edge 

z<0: point lies on the left of the window edge. 

The intersection of the polygon edge and the clipping plane is the second critical process in the 

Sutherland–Hodgeman method. For this purpose, any of the well-known techniques can be 

applied. Formally, the Sutherland-Hodgeman polygon clipping algorithm can be stated as: 

Algorithm 

Step1: Read the coordinates of vertices of the subject polygon and clipping polygon. 

Step2: Consider an edge of the clipping window and compare the vertices of each edge of the 

subject polygon with the clipping window plane or the edge and record the intersections. 

Step3: Store the new intersection and vertices in the new list of vertices as per the cases 

discussed above. 

Step4: Perform Steps 2 and 3 for the remaining edges of the clipping polygon each time, the 

resulting list of polygon vertices are successively passed to process the next edge of the clipping 

polygon. 

Step5: Finish. 

 

Example 6:Consider a clip polygon defined by A (2, 2), B (2, 6), C (8, 6) and D (8, 2). Find if 

the points V1 (1, 4) and V2 (4, 4) lie inside or outside of the clip polygon, using polygon edge AB 

as reference. 

Solution: 

Consider the point V1 (1, 4). Using the cross product V1, we have 

(XV – XA) (YB – YA) – (YV – YA) (XB – XA) = (1 – 2) (6 – 2) – (4 – 2) (2 – 2) = –4 

Since the cross product of V1is negative, V1lies left of the window boundary AB (outside 

window). Similarly, using the cross product of V2 (4, 4), we get 

(4 – 2) (6 – 2) – (4 – 2) (2 – 2) = 8 

Since the cross product for V2 is positive, the point V2 lies on the right side of the polygon 

boundary (inside the clip polygon). 

 

4.7 CURVE CLIPPING 

Curve clipping is a bit complex as compared to polygon clipping because curve-clipping 

procedures involve nonlinear equations. The bounding rectangle of a circle or any other curved 

object is used to evaluate the overlap with the rectangular clip window, just like polygon 

clipping. There exist three cases as follows: 

Case 1: If the bounding rectangle for the object is completely inside the clip window, the object 

is saved for display [see Figure 12(a)]. 
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Case 2: If the bounding rectangle for the object is completely outside the clip window, the object 

is discarded [see Figure 12(b)]. 

Case 3: If the two regions overlap, more computations need to be performed to determine the 

clipping intersection points. Figure 12(c) shows a circle clipping against a rectangular window. 

 

 

 

 

 

 

 

 

 

 

Figure 12: Curve Clipping 

 

4.8 TEXT CLIPPING 

Text clipping refers to the process of either removing the entire string if it does not lie 

completely inside the clipping window or removing that character from the string which overlaps 

with a window boundary. There are three ways of text clipping, which are as follows: 

� All-or-none string clipping: in this approach, if the string completely lies inside the 

clipping window, it is displayed; otherwise, it is discarded. It is the simplest and fastest 

text clipping technique. To implement this technique, a bounding rectangle is taken 

around the string. The boundary positions of the rectangle are then compared to the 

boundaries of the window. The string is discarded if it overlaps the window or lies 

completely outside the window. Figure 13 (a)shows the all-or-none string clipping. 

� All-or-none character clipping: In this technique, only those characters are considered 

which completely lie inside the window. To implement this technique, the boundary 

limits of individual characters are compared to the boundaries of the window. Any 

character that overlaps the window or lies outside the window is discarded. Figure 13 (b) 

shows the all-or-none character clipping. 

� Clipping character components: In this approach, components of individual characters 

are considered for clipping. To implement this technique, the characters are treated like 

lines. We discard only that part of the character which overlaps a window boundary. 

Figure 13 (c) shows clipping character components. 
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Figure 13(a): All-or-none string clipping 

 

             

        

 

 

 

 

 

Figure 13(b): All-or-none character clipping 

             

    

 

 

 

 

 

 

       

Figure 13(c): Clipping character components 

 

 

4.9. Summing Up 

In this unit, we have discussed the concept of clipping along with various types of clipping. Also, 

we have discussed the entire important clipping algorithm in this unit. From the point of 

achieving realism through computer graphics, the unit is important. This unit contains an 

algorithm, which is easy to implement in any programming language. 
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 edition 2015. 

3. Malay K. Pakhira, “Computer Graphics, Multimedia and Animation”, Phi Learning, 2
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Edition 2010. 

 

4.11. Model Questions 

1. Multiple choice questions: 

(a) MC stands for ______ 

i. Modelling coordinates  ii. Measuring coordinates   

iii.    Measuring clipper   iv. None of these 

(b) WC stands for ______ 

                i.       Window clipper    ii. Window coordinates   

iii. World coordinates    iv. None of these 

(c) Clipping window is also known as _______ 

                i.      Coordinate clipper    ii. Clipping coordinates   

                iii.    Clipping ratio    iv. Clipping region 

(d) _______ is based on parametric equations of a line segment. 

                i.      Midpoint subdivision method  ii. Liang – Barsky algorithm   

                iii.    Cohen – Sutherland algorithm iv. All of these 

(e) _______ the process of removing the portion of a polygon which does not lie within 

the clipping window. 

                i.      Polygon removal   ii. Polygon cutting  

                iii.    Polygon clipping    iv. None of these. 

 

2. What is clipping? Discuss its two types. 

3. Among Cohen–Sutherland clipping algorithm and Liang–Barsky algorithm, which one is 

more efficient? Why? 

4. Define convex and concave polygon. 

5. Write the limitations of the Cohen–Sutherland Line algorithm? 

6. Suppose a rectangular window ABCD is defined such that A= (–1, –2) and C (3, 1) using 

the generalized geometrical approach, clip the line segment joining the points P(–20, 0) 

and Q(20, 30). 

7. Given a clipping window with an upper left corner at (0, 20) and lower right corner at 

(30, 0). The line has its endpoints at (10, 30) and (40, 0) is to be clipped against the given 

window. Apply the Cohen-Sutherland method to clip this line and show all the steps 

clearly. 

8. A rectangular window is described by the lower-left corner at (–3, 1) and the upper right 

corner at (2, 6). Apply the Cohen-Sutherland method to determine whether the line from 

A(–4, 2) to B(–1, 7) is subject to clipping. 
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9. A rectangular window is described by the upper left corner at (3, 8) and lower right 

corner at (10, 2). The boundaries of the window are parallel to the X-axis and Y-axis. The 

line has its endpoints at (1, 2) and (12, 7) is to be clipped against the given window. 

Apply Liang–Barsky method is to clip this line and show all the steps clearly. 

Intersecting points may be rounded to the nearest integral values. 

10. Consider a rectangular window whose vertices are at A(0, 0), B(7, 0), C(7, 5), D(0, 5). A     

line segment is drawn from P1(6, 10) to P2(10, 4). Apply the Cyrus–Beck method to clip 

this line. 

11. The line segment is drawn between P1(10, 8) and P2(2, 3) whose direction is from P1 to 

P2. Determine whether the point P (5, 6) is on the left or the right side of the line. 

12. A rectangular window is described by the following corners: (0, 3), (1, 1), (5, 3), (4, 5).    

Use the Sutherland-Hodgeman clipping method to clip the line segment joining (–1, 2) to 

(6, 4). 

 

4.12 Answer to check your progress 

1. (a) ii. Modelling coordinates 

(b) iii. World Coordinates 

(c) iv. Clipping region 

(d) ii. Liang–Barksy algorithm 

(e) iii. Polygon clipping 

 

2. Clipping is a technique of identifying those parts of a scene that are either inside or 

outside of a specified region of space. An algorithm that performs the clipping operation 

is known as a clipping algorithm. The region against which the objects are to be clipped 

is known as a clipping window or clipping region. Depending on the application, the 

clipping region can be a rectangle, general polygon, or even can have curved boundaries. 

Let us consider a rectangular clipping region. For the viewing transformation, we are 

interested in displaying only those parts of a scene which are lying inside the window 

area. Thus, any portion lying outside the window area must be discarded. There are two 

ways of performing clipping: 

a) World coordinate clipping: In this technique, the clipping algorithm is applied to the 

world coordinates so that only the parts lying inside the window are mapped to the 

device coordinates. This clipping saves a lot of processing time as parts outside the 

window are not considered at all. 

b) Viewport clipping: In this technique, the complete world-coordinate scene is first 

mapped to devise coordinates, and then clipped against the viewport boundaries. The 

main advantage of this technique is that it allows concatenation of viewing and 

geometric transformation matrices, which reduce calculations. However, it requires 
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more processing time as the transformation to device coordinate needs to perform 

even for those objects which are lying outside the window area. 

 

3. Liang–Barsky algorithm is more efficient than Cohen–Sutherland clipping algorithm 

because of reduced intersection calculations. In Liang–Barsky algorithm, each update of 

parameters u1 and u2 requires only one division. In addition, window intersections of the 

line are computed only once when computing the final values of u1 and u2. On the other 

hand, in the Cohen–Sutherland clipping algorithm, repetitive intersection calculations are 

required along a line path, even if the line completely lies outside the window. Moreover, 

each intersection calculation requires both a division and a multiplication. 

 

4. Convex polygons are those polygons who are all interior angles measure less than 180
0
. 

The vertices of such polygons always point outwards, i.e., away from the interior of the 

shape. Moreover, all the diagonals of the convex polygon lie entirely inside it, and the 

polygon is divided exactly into two parts if any line is drawn through it. 

Concave polygons are those polygons whose at least one interior measure is greater than 

180
0
. The vertices of such polygons always point inwards, i.e., towards the interior of the 

shape. Unlike the concave polygon, some diagonals lie outside the concave polygon and 

depending on the line drawn, the polygon is divided into more than two parts. 

 

5. The limitations of Cohen–Sutherland Line algorithm are given below: 

a) The clipping window region can be rectangular only and no other polygon shaped 

window is allowed. 

b) Edges of rectangular-shaped clipping windows have to be parallel to the x-axis and y-

axis.If the endpoints of the line segment lie in the extreme limits i.e., one at R.H.S 

other at L.H.S., and on one the at top and the other at the bottom (diagonally) then, 

even if the line doesn’t pass through the clipping region it will have the logical 

intersection of 0000 implying that line segment will be clipped, but it is not so. 
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6. Rectangular window ABCD is defined such that A = (–1, –2) and C (3, 1). So, to clip the 

line segment joining the points P (–20, 0) and Q (20, 30) using the generalized 

geometrical approach we do the following tasks.  

Equations of line segment PQ is: Y = MX + C where, 

   M = (Y2 – Y1) / (X2 – X1) i.e.  

   M = (30 – 0) / (20 – (–20)) = 30/40 = 3/4  

 Therefore, equation of line PQ ⇒Y = (3/4) X + C 

 Because point P (–20, 0) is located on the line defined by equation (1), it must meet  

equation (1) i.e. 0 = 3/4(–20) + 15 ⇒C = 15 

We get the complete equation of the line by putting the value of C into equation (1).  

 Y = (3/4) X + 15 

 The following are the steps to clip the line segment PQ: 

(a) We get, by finding the intersection of line PQ with Y = Ymax = 1 in (2), that points P 

are on the LHS of window ABCD. 

1 = (3/4) X + 15 ⇒X = (–14 * 4) / 3 = –18.66 

That is P’ (–18.66, 1), which is lying outside the window region ABCD. Hence, reject 

portion PP’ of line segment PQ. 

(b) Now consider the altered line segment P’Q. by finding the point of intersection of 

P’Q with X = Xmin = –1, we will get P’’, so put X = Xmin = –1 in (2) we get, 

Y = 3/4 (–1) + 15 = (–3/4) + 15 = 14.25 

Therefore, P’’(–1, 14.25) is also lying out of window region ABCD so reject portion 

P’P’’ of the line segment. 

(c) Now consider the line segment P’’Q. We will get P’’’ if we will find the point of 

intersection of P’’Q with X = Xmax = 3. Therefore, by using X= Xmax = 3 in (2) we get 

 Y = (3/4) * 3 + 15 = 9/4 + 15 = 69/4 = 17.25 

Therefore, P’’’(3, 17.25) is also lying out of window region ABCD hence Q(20, 30) 

is also lying out. So, reject the whole line segment P’’’Q. 

 

(2) 

(1) 
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2.1. Learning Objectives 

Students will be able to 
 Explain various aspects of projections 
 Differentiate different categories of projection 
 Explain the mathematical foundations behind projection 
 Analyze different types of projections and their applications 

  
2.2. Introduction 

Projection is a process of transforming a three-dimensional (3D) object into a two-dimensional 
(2D) object for viewing. To display a complex object for viewing on a simpler plane, these 
projections use visual perspective and aspect analysis. 3D projections establish a map of points 
from the primary features of an object's basic geometry, which are then joined to create a visual 
element. The outcome is a graphic with conceptual features that perceive the figure or picture 
as a solid object (3D) being viewed on a 2D display rather than a flat (2D) figure. Many 3D 
items are shown on two-dimensional surfaces (i.e., paper and computer monitors). As a result, 
graphical projections are a popular design feature in many fields, including engineering 
drawing, drafting, and computer graphics. The use of mathematical analysis and equations, as 
well as numerous geometric and optical techniques, can be used to calculate projections. 

In this unit, we shall elaborate various types of projections and their transformation equations. 
At the end of the unit, a summary of the entire unit is presented along with some exercises.    

 

 

2.3. Taxonomy of Projection 

Projection is obtained by the virtue of imaginary lines called as projectors. When the projectors 
or line of sights emanating from an object intersects with the view plane an image is formed. 
These projectors are either parallel to each other or converge together at a specific point. Thus, 
3D projection can be broadly categorized into parallel and perspective projection. In parallel 
projection, the 2D view of a 3D object is created using parallel projectors as shown in Fig. 2.1. 
Such projections are used basically for the actual measurement of objects; however, it fails to 
project realistic view. On the other hand, in perspective projections, the 2D view of a 3D object 
is created using projectors which meet at a specific point called as projection reference point. 
Fig. 2.2 demonstrates an example of perspective projection. Perspective projection creates 
realistic images for viewing; it works the same way the human visual system works. The size 
of the projected image of an object is inversely proportionate to the distance between the 
physical object and the viewpoint.  
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Fig. 2.1 Projection of an object onto view plane using parallel projection  

                                 

Fig. 2.2 Projection of an object onto view plane using perspective projection  

Both parallel and perspective projections can be further classified into multiple categories as 
shown in Fig. 2.3. These categories are discussed in detail in section 2.4 and 2.5. 

 

Fig. 2.3 Taxonomy of Projection 
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2.4. Parallel Projection 

Projecting points on the object surface along parallel lines (projectors) onto the display plane 
is one approach for obtaining a view of a solid object. Multiple views of an object can be 
displayed by selecting multiple viewing positions. The parallel lines of the object in the world 
coordinate scene remains parallel in the projected views. In engineering and architectural 
drawings, this approach is used to show an object with a series of views that maintain the 
object's relative proportions. From the major views, the structure of the solid object can then 
be recreated.  

Parallel projection can be classified into two categories depending on the direction of the 
projectors. When the projectors are perpendicular to the view plane then the projection is called 
as orthographic parallel projection. Otherwise, it is called as oblique parallel projection. Fig. 
2.3 shows the two types of parallel projections.    

2.4.3. Orthographic Projection 

Orthographic projections are mostly used to create the front, side, and top views of an item. 
Elevations are the front, side, and back orthographic projections of an object, while a plane 
view is the top orthographic projection. These orthographic projections are frequently used in 
engineering and architectural designs because lengths and angles are properly shown and may 
be measured from the drawings. 

 

Fig. 2.3 Direction of the projector P to generate (a) orthographic projection and (b) oblique 
projection 
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Fig. 2.4 Orthographic projection of an object displaying front, top and side views 

Orthographic projections can also be used to display more than one faces of an object as shown 
in Fig. 2.4. Such type of projections is called as axonometric projection. Axonometric 
projections have three types: isometric, dimetric and trimetric. The isometric projection is the 
most frequent axonometric projection. Isometric projections are created by aligning the 
projection plane so that it meets each of the object's coordinate axes (known as the primary 
axes) at the same distance from the origin. Different scaling factors are applied on different 
principal axes in general axonometric projections. However, in isometric projection same 
scaling factors are applied for all the principal axes to maintain the relative proportion. An 
isometric projection of a cube is shown in Fig. 2.5. By aligning the projection vector with the 
cube diagonal, the isometric projection is achieved. For an isometric view, there are eight 
locations, one in each octant.  

 

Fig. 2.5 Isometric projection of a cube 
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In dimetric projection two of the three principal axes uses same amount of scaling factor while 
the third one uses a different one resulting uniform foreshortening for two axes. On the other 
hand, in trimetric projection all the axes use different amount of scaling factors. Thus, different 
foreshortenings are seen in this case. Dimensional approximations are common in case of both 
dimetric and trimetric projections. 

An orthographic parallel projection's transformation equations are simple. If the view plane is 
positioned at 𝑧  along the z-axis (Fig. 2.6), any point in viewing coordinates (𝑥, 𝑦, 𝑧) is 
translated to projection coordinates as follows: 𝑥 = 𝑥, 𝑦 = 𝑦                                      (2.1) 

 

Fig. 2.6 Orthographic projection of a point (𝑥, 𝑦, 𝑧) onto a view plane 

2.4.4. Oblique Projection 

The projection points along parallel lines that are not perpendicular to the projection plane 
produce an oblique projection. An oblique projection vector is defined with two angles, 𝛼 and 𝜙, in some software packages, as shown in Fig. 2.7. On the view plane, the point (𝑥, 𝑦, 𝑧) is 
projected to position (xp, yp). On the plane, orthographic projection coordinates are (𝑥, 𝑦). The 
oblique projection line joining the points (𝑥, 𝑦, 𝑧) to (𝑥 ,𝑦 )  forms an angle α with the line on 
projection plane that connects the points (𝑥 ,𝑦 )  and (𝑥, 𝑦). In the projection plane, this line 
of length L is at an angle 𝜙 with the horizontal axis. The projection coordinates can be 
expressed in terms of 𝑥, 𝑦, 𝐿, and 𝜙 as: 
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Fig. 2.7 Oblique projection of a point at coordinate position (𝑥, 𝑦, 𝑧) to coordinate position (𝑥 , 𝑦 ) at view plane. 𝑥 = 𝑥 + L cos ∅                                     (2.2) 𝑦 = 𝑦 + L sin ∅                                      (2.3) 

 

We know that, tan 𝛼 =                                                  (2.4) 

Where z is the distance from the point (𝑥, 𝑦, 𝑧) on 3D space to the 2D point (𝑥 , 𝑦 ) on the 
view plane along the z-axis. 

Thus, from equation (2.4) we obtain the length 𝐿 as: 𝐿 =                                                    (2.5) 

Let us take,  (tan ∝) = 𝐿 , then we can redefine the value of L as: 𝐿 = 𝑧𝐿                                                      (2.6) 

Hence, equation (2.4) and (2.5) can be redefined as: 𝑥 = 𝑥 + 𝑧(𝐿  cos ∅)                               (2.7) 𝑦 = 𝑦 + 𝑧(𝐿  sin ∅)                                (2.8) 

The transformation matrix for parallel projection can be defined as: 
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𝑇 = 1 0 𝐿 cos ∅ 00 1 𝐿 sin ∅ 00 0 0 00 0 0 1             (2.9) 

The transformation matrix 𝑇  is applicable to both orthographic and oblique projection, 
orthographic projection being a special case of oblique projection in which the angle of 
projection 𝛼 = 90 degree. 𝐿 becomes 0 in case of orthographic projection ((tan 90 ) = 0). 
Thus, equation (2.1) holds true. In case of oblique projection, the value of 𝐿 is always non-
zero. 

For the angle 𝜙, two values, 300 and 450 are commonly chosen to project a combination of the 
object's front, side, and top (or bottom) faces. Two common values chosen for α are 450 and 

63.40. When the value of α is chosen as 450, 𝑡𝑎𝑛 𝛼 = 1 and the projection is called as cavalier 
projection. The lengths of all lines perpendicular to the projection plane remains same in their 
projected images.  

On the other hand, when the projection angle 𝛼 is chosen as 63.40 so that 𝑡𝑎𝑛 𝛼 =  2, the 
projection is called as cabinet projection. Lines perpendicular to the viewing surface are 
projected half their original length for this angle. Because the length of the perpendiculars has 
been reduced, cabinet projections appear more realistic than cavalier projections. Fig. 2.8  

  
(a)                                                                    (b) 

Fig. 2.8 Examples of (a) cavalier and (b) cabinet projections for ϕ=450 and 300 

2.5. Perspective Projection 
 

Perspective projection of a 3D object is obtained by transforming the points along the 
projectors that converges at projection reference point. Suppose the view plane is placed at 
position 𝑧  and the projection reference point is set at (0,0, 𝑧 ) as illustrated in Fig. 2.9.  The 
coordinate position of the points along the projection line can be expressed using equation in 
parametric form: 𝑥 = 𝑥 − 𝑡𝑥                                              (2.10) 𝑦 = 𝑦 − 𝑡𝑦                                              (2.11) 
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𝑧′ = 𝑧 − 𝑡(𝑧 − 𝑧 )                                 (2.12) 

Where 𝑡 is the parameter which takes the values in the range of 0 to 1 and (𝑥 , 𝑦 , 𝑧 ) represents 
any point on the projection line. When we set 𝑡 = 0, we get the point (𝑥, 𝑦, 𝑧) and when we 
set 𝑡 = 1 we get the projection reference point (0,0, 𝑧 ). The projected point (𝑥 ,𝑦 ) can be 
calculated by placing appropriate values of t in the equations (2.10-2.12). The z-value on the 
view plane is 𝑧 , so placing this in equation (2.12) we get: 𝑡 =                                                  (2.13) 

The equations for the perspective projection are obtained by substituting this value of t in the 
equation (2.10) and (2.11). 𝑥 = 𝑥                                      (2.14) 

𝑦 = 𝑦                                       (2.15) 

The matrix representation of perspective projection equations can be written as: 

𝑇 = ⎣⎢⎢
⎡ 0 00 00 0 1⎦⎥⎥

⎤
     (2.16) 

 

In both parallel and perspective projections, the original z-values of points are saved for any 
technique that require depth analysis of the surfaces. Although we set the projection reference 
point along the z-axis, but it can be placed at any arbitrary position.  

In perspective projection, any set of parallel lines of a 3D object that are parallel to the plane 
are projected as parallel lines. However, the lines not parallel to the projection plane do not 
appear parallel; rather they tend to converge at a point. Such a point is called as a vanishing 
point. Each set of projected parallel lines will have its own vanishing point, and a scene can 
have an unlimited number of vanishing points, depending on the number of sets of parallel 
lines in the scene.  
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Fig. 2.9 Perspective projection of a point at position (𝑥, 𝑦, 𝑧) to a position (𝑥 , 𝑦 ) on the view plane.  

The vanishing points resulting from any set of lines parallel to one of the principal axes of the 
object are called as principal vanishing points. The number of principal vanishing points (1, 2, 
or 3) can be controlled based on the orientation of the projection plane. Thus, perspective 
projections are classified as one-point, two-point, or three-point projections. In a projection, 
the number of principal axes intersecting the view plane determines the number of principal 
vanishing points. Fig. 2.10 illustrates one-point, two-point and three-point vanishing points. 

 
                     (a)                                         (b)                                       (c) 

Fig. 2.10 Perspective projections of objects showing (a) one-point, (b) two-point and (c) 
three-point vanishing points 

2.6. Summary 
 Projection is a process of transforming a three-dimensional (3D) object into a two-

dimensional (2D) object for viewing. 
 graphical projections are a popular design feature in many fields, including engineering 

drawing, drafting, and computer graphics. 
 Projection is obtained by the virtue of imaginary lines called as projectors. 
 Projection can be broadly categorized into parallel and perspective projection. 
 In parallel projection, the 2D view of a 3D object is created using parallel projectors. 
 Such projections are used basically for the actual measurement of objects; however, it 

fails to project realistic view.  
 In perspective projections, the 2D view of a 3D object is created using projectors which 

meet at a specific point called as projection reference point. 
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 Parallel projection can be classified into two categories depending on the direction of 
the projectors. When the projectors are perpendicular to the view plane then the 
projection is called as orthographic parallel projection. Otherwise, it is called as 
oblique parallel projection. 

 In perspective projection, any set of parallel lines of a 3D object that are parallel to the 
plane are projected as parallel lines. However, the lines not parallel to the projection 
plane do not appear parallel; rather they tend to converge at a point. Such a point is 
called as a vanishing point. 
 

2.7. Check Your Progress  
i. Straight lines drawn from different positions on an object's contour to intersect a 

view plane are referred as ________.
a. connecting lines 
b. projectors 

c. perpendicular lines 
d. hidden lines

ii. The projection is termed as ________ when the projectors are parallel to one other 
and perpendicular to the view plane. 

a. Perspective 
projection 

b. Oblique projection 

c. Isometric projection 
d. Orthographic 

projection 
iii. Which projection did the objects we perceive in our environment with naked eyes 

come from? 
a. Perspective 

projection 
b. Oblique projection 

c. Isometric projection 
d. Orthographic 

projection 
iv. All lines of sight in perspective projection begin at a ________ point. 

a. double 
b. triple 

c. multiple 
d. single

v. The appearance of an object will vary depending on how it is seen from different 
angles and distances. This projection is known as___________ projection. 

a. Perspective  
b. Oblique  

c. Isometric  
vi. Orthographic  

vii. The point at which the projectors meet is termed as __________. 
a. vanishing point 
b. projection point 

c. projection reference 
point 

d. none of the above 
viii. In perspective projection, the point at which the parallel lines meet is called as 

a. vanishing point 
b. projection point 

c. projection reference 
point 

d. none of the above 
ix. The angle α is chosen as ___ in cavalier projection. 
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a. 300 
b. 450 

c. 63.40 
d. 900

x. The angle α is chosen as ___ in cabinet projection. 
a. 300 
b. 450 

c. 63.40 
d. 900 

xi. The axonometric projection which uses same scale for all three principal axes is 
called as________.   

a. Isometric 
b. Dimetric 

c. Trimetric 
d. Uniform 

 
2.8. Answers to Check Your Progress  

(i) b (ii) d (iii) a (iv) d (v) a 
(vi) c (vii) a (viii) b (ix) c (x) a 

 
2.9. Model Questions  

i. Define projection. What are the different types of projections available? 
ii. Differentiate between parallel and perspective projection. 

iii. What are the different types of parallel projection? 
iv. What do you mean by a vanishing point? What is the maximum number of 

vanishing points that an image can have? 
v. Parallel projections are not suitable for creating realistic images. Justify your 

answer. 
vi. What is the difference between orthographic and oblique projection? What are the 

different types of orthographic projections available? 
vii. Construct a transformation matrix for general parallel projection. 

 
2.10. Further Readings 

 Hearn and Baker, Computer Graphics (C version 2nd Ed.), Pearson. 
 Mukherjee, Fundamentals of Computer graphics and Multimedia, PHI. 
 D. F. Rogers, J. A. Adams, Mathematical Elements for Computer Graphics, TMH. 
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Unit – 4: ILLUMINATION AND SURFACE RENDERING  

UNIT STRUCTURE 

4.0 Introduction 

4.1 Unit Objectives  

4.2 Definition and Importance 

4.3 Light Sources 

4.4 Basic Illumination models 

4.5  Surface rendering methods 

4.6 Summing up 

4.7 Key terms 

4.8 Answers to check your progress 

4.9 Questions and Answers 

4.10 Suggested Readings 
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4.0 INTRODUCTION 

In the previous unit, we had learned about visible surface detection. In any given 
scene, the colour of a point is based on different factors like its position, orientation to 
the light sources, surface characteristics and others. Once visible surface has been 
identified by the hidden surface algorithm, an illumination model is used to compute 
the intensities and color to display for the surface. For realistic displaying a three 
dimensional scene the appropriate color or intensity for that scene needs to be 
calculated.  

In this unit, we would discuss how the objects depends on the lighting that illuminates 
the scene, and on the interaction of light with the objects in the scene. The lighting in 
a scene depends on the surface properties. The different surface rendering methods 
would also be discussed in this unit. The shading methods make the images look more 
realistic.  

4.1 UNIT OBJECTIVES  

After going through this unit you will be able to  

 Get an overview of the fundamental activities performed in illumination 

 Understand the point light source and spot light source 

 Learn about ambient, diffuse and specular reflection types 

 Learn about the illumination models 

4.2 DEFINITION AND IMPORTANCE 

The human eye is like a camera. It has sensors at the back of the eye that captures the 
amount of light coming from the different directions. When we see an object, how it 
appears to us is based on the position of the object the eye is looking at, the position 
of the light source which emits the light and also the colour and intensity of the light 
that falls on that object. The emitted light may fall directly on the object or sometimes 
the emitted light falls upon the object after getting reflected from the surrounding 
surfaces.  

The transport of the light from the light source to the point or the object is called 
illumination.  
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Figure: Perception of an object by the human eye 

 

The light, as shown in the figure above, can fall directly or indirectly on the object 
and the incident light then gets reflected from the object and reaches the human eye. 
The light intensity that enters the human eye is the colour of that object.  

The process of computing the luminous intensity or the colour at a point is called 
lightning. It is one of the most important considerations for three-dimensional 
graphics. The process of assigning colour to the points in an object is called shading, 
also known as surface rendering. In other words, the illumination model is invoked by 
the surface rendering method.  

An illumination model is also known as a lightning model. It calculates the colour of a 
given point on the object’s surface. The colour depends on both the source of the light 
as well as its surface.  

4.3 LIGHT SOURCES 

We can see an object when light falls on it. Also, an object that is not directly exposed 
to a light source is visible to us if the nearby objects are illuminated. The reflected 
light from an object is always the sum total of the contributions from the light sources 
and the other reflecting surfaces in the scene. The light sources are referred to as light-
emitting sources and the reflecting surfaces such as the walls of a room etc are called 
as the light-reflecting sources. 

Object 

Direct source 

Indirect source 

Human Eye 



Block III (Unit 4: ILLUMINATION AND SURFACE RENDERING) 
 

INF2046: Computer Graphics and Multimedia 
 

Light source is an object that radiated light energy. Examples are sun, lamp, bulb, 
fluorescent tube etc. They are also known as luminous objects. The objects that can 
not emit light energy by themselves are known as Non- luminous objects. Objects like 
the moon that do not give out or emit light of their own are Non- luminous objects. 
Moon reflects light from the sun. Other examples of Non luminous bodies are pen, 
pencil, chair, wood etc. The non luminous objects reflects the light that falls on them. 

The laptop screen, mobile screen are luminous but the page of the book is a non-
luminous object, and that is why we need a light on to read it. 

There are some objects that behave both as light emitter as well as light reflector. For 
example, a coloured semitransparent plastic film covering an electric bulb reflects as 
well as emits light.  

In graphics, light source can be specified by several properties like the colour of light 
emitted, shape and is position  etc. There are some light sources that emits light in a 
certain direction whereas some light sources emits light in different directions.  

The simplest light emitter is a point source. Point light source emits light in all 
directions as shown in the figure below. It is a light source which is smaller than the 
objects in the scene. An example of a point light source is a small electric bulb 
illuminating objects in a scene. When a point light source is used in a scene, the light 
on the object falls from single direction only.  The light sources which are sufficiently 
far away from the object in the scene such as the sun can also be considered as a point 
light source. 

  Distributed light source is the one whose light emitting surface area is wide and the 
light source is placed near the objects in the scene. Example of distributed light source 
is the fluorescent tube as shown in the figure below. When distributed light source is 
used in a scene, light on an object falls from multiple directions and multiple points.  

 

 

Objects are visible to us due to reflection of light. When light falls on the opaque 
objects, part of that light gets reflected and a part of it gets absorbed. The amount of 
light reflected depends on the surface material. The shiny surfaces reflects more of the 
incident light and the dull surfaces absorb more of the incident light. The reflection of 
light can be roughly categorized into two types of reflection. 
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Reflection from rough  or grainy surfaces such as clothing, paper etc leads to a type of 
reflection known as diffuse reflection. Whether the surface is rough or smooth has a 
tremendous impact upon the subsequent reflection of a beam of light. Diffuse 
reflection tend to reflect light in all directions as illustrated in the figure below. In 
diffuse reflection, the light is reflected with equal intensity in all directions. Since the 
intensity of the reflected light is equal in all directions, the objects appear equally 
bright from all viewing points. The amount of the radiant energy coming from any 
point on the surface can be calculated using the Lambert’s cosine law. That is why 
ideal diffuse reflectors are also known as Lambertian reflectors.  

 Light reflected from a smooth surface at a definite angle is called specular reflection. 
The light sources create highlights or bright spots in specular reflection. The 
highlighting effect is more on shiny surfaces than on dull surfaces.  

 

 

 

Diffuse reflection     Specular reflection 

4.4 BASIC ILLUMINATION MODELS 

In this section, the simplified methods for calculating light intensities would be 
discussed. An illumination model, also known as lighting model, takes into account 
the various factors like surface characteristics, its position and orientation relative to 
the light sources illuminating it and calculates the colour of a given point on the 
object’s surface. It basically calculates the intensity of the light reflecting from the 
given point that contributes ti its colour. Different optical parameters such as glossy, 
matte, opaque and transparent are used to set the surface properties. The illumination 
models follows the laws of physics for the surface lighting effects.  

Illumination or lighting models are needed to care of the light, its intensity and effects 
on the different textures. 

Ambient light 

An object on which the light does not fall directly from the light source may still be 
visible because of the light reflections from the nearby objects. This light is known as 
ambient or background light. Ambient light spreads uniformly in all directions.  

To simulate the ambient light in a scene, the brightness level can be specified for it. In 
this way, all the surfaces in the scene, in all the directions, are illuminated with a 
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constant amount of ambient light. The light reflected from the surfaces in the scene, 
due to this, is a diffuse reflection.  

Diffuse Reflection 

The diffuse light reflections are constant over the surfaces in a scene, independent of 
the viewing direction. The reflected light intensity, in a scene, is a sum of the 
intensities of the ambient light reflection and direct light reflection. The intensity of 
light of a point in an object, reaching the eye of a viewer can be modeled as the sum 
of three intensities: 

1. Intensity of the ambient light after diffuse reflection from the point (Iamb) 

2. Intensity of the light from the light source after diffuse reflection from the 
point (Idiff) 

3. Intensity of the light from the light source after specular reflection from the 
point (Ispec) 

Thus, the intensity (colour) of a surface point (Ip) can be represented as: 

Ip = Iamb + Idiff +Ispec 

The incident light rays gets reflected. This reflected light intensity is a fraction of the 
incident light intensity. This fraction is determined by a surface property known as 
reflection coefficient or reflectivity.  

To control the light in the synthesized images, the following reflection coefficients 
can be defined: 

i. Diffuse reflection coefficient for ambient light, ka 

ii. Diffuse reflection coefficient for direct light, kd 

iii. Specular reflection coefficient for direct light, ks 

The values of the coefficients varies from 0 to 1. The value 0 represents a dull surface 
with no reflection and the value 1 represents a shiny surface that reflects all of the 
incident light.  

Ambient light has no spatial or directional characteristics and amount on each object 
is a constant for all surfaces and all directions. If a surface is exposed only to ambient 
light, having intensity Ia, the intensities of the diffuse reflection at any point on the 
surface can be calculated as: 

Iamb = ka . Ia 
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Specular Reflection and Phong Model 

When light falls on shiny opaque objects, a major portion of the light gets reflected in 

a particular direction. This results in a bright spot, highlight or specular reflection on a 

portion of the object’s surface. The reflection from the rest part remains diffuse. 

Specular reflection can be observed on exposing an object with a shiny surface, for 

example, a polished metal or an apple to white light. The bright spot appearing on the 

apple’s surface is the effect of specular reflection. It is to be noticed that the colour of 

the bright spot on the surface of the apple appears to be white rather than the red 

colour of the apple.  

An empirical model for calculating the specular reflection range, invented by the 

Phong Bui Tuong is also known as Phong specular reflection model. The figure below 

illustrates the specular reflection direction R from a point on the object’s surface.  

 

The vector L represents the point light source illuminating the object’s surface. The 

vectors L and R forms the same angle θ with the surface normal N. R is representing 

the unit vector in the direction of ideal specular reflection. V is the viewing direction. 

Ø is the viewing angle relative to the specular reflection direction R. 

In case of ideal reflector surfaces, example, perfect mirror,the incident light is 

reflected only in the specular-reflection direction. Thus, the reflected light could be 

seen when the vectors V & R coincides, that is, viewing angle Ø = 0. 

The Phong specular reflection model sets the intensity of specular reflection directly 
proportional to the cosns(Ø). The range of angle Ø can lie between 0 ≤ Ø ≤ 1.  

ns is a specular reflection parameter whose value is determined by the type of surface 

to be displayed. The value of ns for shiny surfaces could be 100 or more whereas for 
dull surfaces its value is 1 or less than 1. 
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The intensity of the specular reflection depends on the angle of incidence  θ and the 
surface material properties. To model the specular intensity variation,  specular 
reflection coefficient W(θ) can be used. This coefficient tends to increase as the angle 
of incidence increases. Using W(θ), the Phong specular reflection model can be 
expressed by the following equation: 

 

 

Where Il is the intensity of the light source and Ø is the viewing angle relative to 
specular reflection direction R. At θ = 900, W(θ) = 1, thus all incident light is reflected.  

 

CHECK YOUR PROGRESS I 

1. The transport of the light from the light source to the point or the object is 
called __________________. 

2. The light intensity that enters the human eye is the __________ of that object. 

3. The process of computing the luminous intensity or the colour at a point is 
called ________________. 

4. The process of assigning colour to the points in an object is called _________. 

5. The reflected light from an object is always the sum total of the contributions 
from the ______________  and the other reflecting surfaces___________ in the 
scene. 

6. Light source is an object that radiated ___________ energy. 

7. Point light source emits light in _______ directions. 

8. Reflection from rough  or grainy surfaces such as clothing, paper etc leads to a 
type of reflection known as _________________. 

9. The light sources create highlights or bright spots in _____________ 
reflection. 

10. Illumination  models are needed to care of the light, its __________ and 
effects on the different ____________. 

11. The reflected light intensity is a sum of the intensities of the ___________ 
light reflection and __________- light reflection. 

12. When light falls on shiny opaque objects, a major portion of the light gets 
reflected in a particular direction in ____________ reflection. 
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4.5  SURFACE RENDERING METHODS 

Surface rendering is applying a lighting model to obtain pixel intensities for all the 
surface positions in a scene. Surface rendering method is used to generate a degree of 
realism in a displayed scene. Realism is attained in displays by setting the surface 
intensity of objects according to the lighting conditions in the scene and surface 
characteristics. Lighting conditions include the intensity and positions of light sources 
and the background illumination. An illumination model can be applied to graphics 
formed with polygon surfaces. An illumination model shines a light on a surface and 
makes calculations based on the intensity of the light reflected back. Shading models 
are needed to take care of the type of surface - its shape, texture etc and rendering the 
intensity at every point of the surface.  

Illumination models are used to calculate the amount of light reflected from a certain 
position on the surface. They thus provide ways to compute the colour on a pixel of 
the surface.  

Applying the illumination model at each surface point is computationally expensive. 
It involves a lot of operations. As such, generating an image using computer graphics 
is expensive in terms of resources like processor, memory, time etc. In computer  
animations, games etc, the screen image requires to be changed frequently. This 
makes the process even more complicated as the computations have to be carried out 
repeatedly and within a short span of time.  

The surface rendering methods or the shading models can greatly reduce the number 
of computations in image generation. The shading models allows to assign colour to 
the screen pixels without performing the lighting calculations for all the points to be 
rendered. The colour of few points are only calculated using the illumination models. 
Those colour are then used to interpolate colour at the other surface points on the 
screen pixels.  

The differences between the colouring of an image using the illumination or lighting 
models and the shading or rendering models. 

1. The lighting models uses a large number of operations and is thus expensive. 
On the other hand, shading model uses interpolation approach. 

2.   Lighting models are applied on the scene. In contrast, the rendering/shading 
models work at the pixel -level. 

Every point on the surface is unique. The question in shading arises that should we 
calculate the intensity of light at all points of the object? If the surface is defined as a 
mesh of polygons, which point should be used? 

There are different answers to this question, each with different implications for the 
visual quality of the result.  
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FLAT SHADING  

Flat shading is the simplest of the shading models. It involves the least number of 
computations. The model computes the colour of any one point on the surface using 
the lighting model. The colour obtained is then assigned to all the points on the 
surface which are mapped to the screen pixels.                 

This method gives an accurate rendering provided the following assumptions are true. 

1. All the light sources are sufficiently far from the surface.  

2. The viewer is at infinity so that V.R is constant across the polygon surface. 
Here, V is the view-point vector looking at the surface and R is the specular-reflection 
vector. 

3. The polygon represents the actual surface being modelled and is not an 
approximation of any object with a curved surface. 

However, even if these assumptions are wrong, flat shading method gives an 
approximate surface lighting effect. The main advantage of this method is that it is 
quick and simple. However, it cannot produce the variations in shade across the 
polygon. It can lead to unrealistic images.  

GOURAUD SHADING 

Gouraud shading is an intensity interpolation method which was developed by Henri 
Gouraud  in 1971. In this method, with a little increase in computation, the surfaces 
can be coloured more realistically. The method renders the polygon surface by first 
applying the illumination model on a subset of surface points and then interpolating 
the intensity of the remaining points on that surface. It is used to produce continuous 
shading of surfaces.  

The Gouraud shading woks as follows: 

1. The unit normal vector at each vertex of the polygonal surface is determined 
by averaging the surface normal vectors of all polygons meeting at that vertex.  

 

Figure :  Surface normals of polygons 
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For any vertex position V, the unit vertex normal can be obtained with the calculation 

 

 

 

More generally, it can be written as, 

 

2. Apply illumination model at each vertex to compute the colour at that position. 

3. The colour intensities of the vertices are linearly interpolated over the 
projected area of the polygon.  

Intensity values for each polygon are matched with the values of adjacent polygons 
along the common edges thereby eliminating the intensity discontinuities that can 
occur in flat shading.  

The illumination values are linearly interpolated across each scan line as shown in the 
figure below: 

 

 The intensities at point 4 can be interpolated from the intensities of points 1 and 2 

 The intensities at point 5 can be interpolated from the intensities of points 2 and 3 

 Thus, the intensities of the points 4 and 5 can be calculated from the scan line. 
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The advantage of Gouraud shading is that it removes the intensity discontinuities that 

exists in the flat shading by matching the intensity values of each polygon with the 

values of the adjacent polygons along the common edges. This adds a curved feel to a 

polygon that would otherwise appear to be flat. However, it has a problem with 

specular reflection. The highlights are not rendered correctly. It can introduce 

anomalies known as Mach bands, in which the bright and dark intensity streaks 

appear on the surface due to linear intensity interpolation. Objects shaded with 

Gouraud shading often appears to be dull and chalky as it lacks the accurate specular 

component.   

PHONG SHADING 

Phong shading is also known as normal vector interpolation shading. This is a more 

accurate interpolation based approach for rendering a polygon that was developed by 

Phong Bui Tuong. Unlike Gouraud shading, it interpolates normal vectors instead of 

interpolating the intensity values. Here the illumination model is applied to each 

surface point. Phong shading accepts the same input as Gouraud shading but it 

produces very smooth looking results.  

To render a polygon Phong surface rendering  proceeds as the following steps: 

1. Determine the average unit normal vector at each vertex of the polygon, as 
done in the Gouraud shading method. 

2. The vertex normal are then linearly interpolated over the surface of the 
polygon. 

3. Apply an illumination model at the positions along  the scan lines to calculate 
the pixel intensities using the interpolated normal vectors.  

For example, for the polygon surface shown in the figure below, the normal vector N 
at point P can be obtained by interpolating the normal vectors N1 and N2 respectively 
as follows. 
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Figure : Interpolation of surface normal along a polygon edge 

 

The advantages of Phong shading are as follows: 

i. It displays more realistic highlights on a surface. 

ii. It greatly reduces the Mach band effect. 

iii. It gives more accurate results. 

However there is a disadvantages too: 

It requires more calculations and greatly increases the cost of shading steeply. Thus 

the processing time is more as compared to the other techniques.  

The three methods of surface rendering can be explained in the figure shown below: 
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Figure: Different types of shading methods 

The shading models can be summarized as follows: 

 For realistic rendering of polygons, interpolation methods are needed to 
determine lighting positions.  

 Flat shading is fast but it is unrealistic.  

 Gouraud shading is better but it does not handle the specular reflections very well. 

 Phong shading is better still, but it can be slow.  

 

CHECK YOUR PROGRESS II 

1. Surface rendering method is used to ___________ a degree of realism in a 
displayed scene. 

2. Lighting conditions include the intensity and positions of ______________ 
and the _________________ illumination. 

3. An illumination model can be applied to graphics formed with 
_________________  surfaces. 

4. The surface rendering methods or the shading models reduces the number of 
computations in image ________________.  

5. The lighting models uses a large number of operations and is thus 
__________________. 

SHADING METHODS 

POLYGON RENDERING METHODS 
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6. The shading models work at the _______________ level. 

7. Flat shading model assumes that all the light sources are sufficiently 
_________ from the surface.  

8. Gouraud shading can introduce anomalies known as _________________. 

9. Phong shading is also known as_______________ interpolation shading. 

10.  Phong shading interpolates normal vectors instead of interpolating the 
________ values. 

 

4.6 SUMMING UP 

1. The human eye has sensors that captures the amount of light coming from the 
different directions. 

2. The transport of the light from the light source to the point or the object is 
called illumination. 

3. The light, as shown in the figure above, can fall directly or indirectly on the 
object and the incident light then gets reflected from the object and reaches the human 
eye.  

4. The light intensity that enters the human eye is the colour of that object.  

5. The process of computing the luminous intensity or the colour at a point is 
called lightning. 

6. The process of assigning colour to the points in an object is called shading, 
also known as surface rendering. 

7. Light source is an object that radiated light energy. Examples are sun, lamp, 
bulb, fluorescent tube etc. They are also known as luminous objects.  

8. The objects that can not emit light energy by themselves are known as Non- 
luminous objects. The non luminous objects reflects the light that falls on them. 

9. The simplest light emitter is a point source. Point light source emits light in 
all directions. 

10. Distributed light source is the one whose light emitting surface area is wide 
and the light source is placed near the objects in the scene. 

11. Objects are visible to us due to reflection of light 

12. When light falls on the opaque objects, part of that light gets reflected and a 
part of it gets absorbed. The amount of light reflected depends on the surface material. 

13. Reflection from rough  or grainy surfaces such as clothing, paper etc leads to a 
type of reflection known as diffuse reflection. 

14. In diffuse reflection, the light is reflected with equal intensity in all directions. 
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15. Light reflected from a smooth surface at a definite angle is called specular 
reflection. The light sources create highlights or bright spots in specular reflection. 
The highlighting effect is more on shiny surfaces than on dull surfaces. 

16. An illumination model, also known as lighting model, takes into account the 
various factors like surface characteristics, its position and orientation relative to the 
light sources illuminating it and calculates the colour of a given point on the object’s 
surface. 

17. An object on which the light does not fall directly from the light source may 
still be visible because of the light reflections from the nearby objects. This light is 
known as ambient or background light. 

18. The diffuse light reflections are constant over the surfaces in a scene, 
independent of the viewing direction. 

19. When light falls on shiny opaque objects, a major portion of the light gets 
reflected in a particular direction. This results in a bright spot, highlight or specular 
reflection on a portion of the object’s surface. 

20. In case of ideal reflector surfaces, example,such as a perfect mirror,the 
incident light is reflected only in the specular-reflection direction 

21. The Phong specular reflection model sets the intensity of specular reflection 
directly proportional to the cosns(Ø). The range of angle Ø can lie between 0 ≤ Ø ≤ 1.  

22. Surface rendering is applying a lighting model to obtain pixel intensities for all 
the surface positions in a scene. 

23. Realism is attained in displays by setting the surface intensity of objects 
according to the lighting conditions in the scene and surface characteristics. 

24. Applying the illumination model at each surface point is computationally 
expensive as it involves a lot of operations. The surface rendering methods or the 
shading models can greatly reduce the number of computations in image generation 

25. Flat shading is the simplest of the shading models. It involves the least number 
of computations 

26. Flat shading computes the colour of any one point on the surface using the 
lighting model. The colour obtained is then assigned to all the points on the surface 
which are mapped to the screen pixels.  

27. In Gouraud shading, the surfaces can be coloured more realistically. It renders 
the polygon surface by first applying the illumination model on a subset of surface 
points and then interpolating the intensity of the remaining points on that surface. 

28. Phong shading is also known as normal vector interpolation shading. It 
interpolates normal vectors instead of interpolating the intensity values. It greatly 
reduces the Mach band effect. 
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4.7 KEY TERMS 

1. Illumination model : Illumination model also known as Lightning model, is 
used to calculate the intensity of light that is reflected at a given point on surface.  

2. Luminous object: The objects that can emit light energy by themselves are 
known as luminous objects. 

3. Non-luminous object: Objects that do not give out or emit light of their 
own are Non- luminous objects 

4. Light source: The light emitting source. 

5. Reflection: When a ray of light falls on a surface and the light ray bounces 
back, it is called the reflection of light. 

6. Normal vector: A normal vector to a surface at a point on that surface is a 
vector that is perpendicular to the surface at that point. Normal vectors to curves are 
defined similarly. Normal vectors are important for lighting calculations. 

7. Diffuse reflection: Reflection of incident light in all directions from a surface, 
so that diffuse illumination of a surface is visible to all viewers, independent of the 
viewer's position.  

8. Specular reflection: When light falls on any shiny or glossy surface most of it 
is reflected back, such reflection is known as Specular Reflection. 

9. Ambient light: Ambient Illumination is the one where source of light is 
indirect. 

10. Rendering: Rendering or image synthesis is the process of generating a 
photorealistic or non-photorealistic image from a 2D or 3D model. 

4.8 ANSWERS TO CHECK YOUR PROGRESS 

Answers to Check your Progress I 

1.  Illumination 

2. Colour 

3. Lightning 

4. Shading 

5. light sources, light sources 

6. Light 

7. All 

8. diffuse reflection 

9. Specular 

10. Intensity, textures 
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11. Ambient, direct 

12. Specular 

 

Answers to Check your Progress II 

1. generate  

2. light sources, background 

3. polygon  

4. Generation 

5. Expensive 

6. Pixel 

7. Far 

8. Mach bands 

9. normal vector 

10. intensity 

 

4.9 QUESTIONS AND ANSWERS 

1. What are light sources? 

2. What is diffuse and specular reflection? 

3.  What do you mean by illumination? Discuss the different illumination 
models. 

4. Explain the surface rendering techniques that are used to produce images?  

 

4.10 SUGGESTED READINGS 

1. Computer Graphics By Donald Hearn and M. Pauline Baker 

2. Computer Graphics, Schaum's Outlines, Plastock and Kalley, McGraw-Hill © 
 1986 

3. Computer graphics: principles and practice by James D. Foley 
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UNIT-6: Multimedia System 
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6.2 Objectives 
6.3 Review of typical Interactive Multimedia Systems 

6.3.1 Application of Interactive Multimedia 
6.3.2 Types of Interactive multimedia system 
6.3.3 Advantages and disadvantages of Interactive Multimedia system 

6.4 Aspects of Multimedia System 
6.4.1 Characteristics of Multimedia System 
6.4.2 Multimedia System Components 
6.4.3 Components of Multimedia 

6.5 Multimedia Design Techniques 
6.6 Multimedia Technology 
6.7 Network Based Multimedia Systems 
6.8 Summing Up  
6.9 References and Suggested Readings 
6.10   Model Questions 
6.11  Answer to check your progress 
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6.1 Introduction 

Multimedia is a technology where different components like audio, video, text, animation and 
graphics are combined together to form multimedia data or information. Multi means more 
than one; Medium means intermediary and Media means conveying the information. That 
means if a system presents information using more than one media then it is termed as 
multimedia. A multimedia system is capable of processing multimedia data. 

6.2 Objectives 

This unit is an attempt to give an idea of multimedia system. After going through this unit 
you will be able to- 
 

• explain the basic concepts of multimedia and its properties 
• discuss the various multimedia technologies 
• explain the concept of different multimedia systems  
• discuss about multimedia technology 

 

6.3 Review of typical Interactive Multimedia System  

Interactive multimedia system refers to the technology through which user can easily 
navigate any site/ application for acquiring information or services. Here the user can directly 
communicate with the system. For example websites, mobile telephony, e-learning, gaming 
etc. Due to the COVID pandemic, interactive multimedia is very helpful for e-learning. For 
example, now days teachers take classes online through various video conferencing apps like 
Google Meet, Skype, Zoom etc. basically through interactive multimedia system users can 
share information with one another or system virtually. 

6.3.1 Application of Interactive Multimedia 

i) Software:  
There is lots of video editing software that use large amount of data to make the 
video with effect, text etc. This basically leads to interaction of the user with the 
software. 
 

ii) Medical:  
In medical, for management purpose, purchasing medicine different software is 
used. Also machines used for medical purpose are also interactive multimedia 
system.   
 

iii) Games: 
Computer games, web games or mobile games are very popular among the 
young generation. Basically gaming allows the user to play in a virtual reality 
with the help of multimedia content.  
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iv) Industry: 
 In industry software is used to record data. Machines used in industry follow 
artificial intelligence.  
  

v) Entertainment:  
Online web series and movies are easily available in YouTube, digital platform, 
where we can easily enjoy by sitting in our home. This also includes multimedia 
interaction.  
 

vi) Online training/ teaching :  
Online training is very much efficient using the interactive multimedia systems. 
There are many online sites available from which one can lean so many things 
according to his / her desire. Due to the COVID pandemic, education system 
depends on the online teaching learning approach. Here both the educators and 
learners are allowed to take part in e-learning processing using different 
software available online easily. The users can give input to the online courses 
through mouse click, touching an input screen, live interaction etc. online 
evaluation is also possible due to the multimedia software. 
 

vii) Engineering:  
In today’s technological world, in every aspect of engineering depends on the 
software. This involves interactive multimedia 

6.3.2 Types of Interactive multimedia system: 

1. Menu driven programs/ presentations:  
Sub menus are there to navigate through a particular app. For example, e-commerce 
site. Here different sections are available through which we can navigate.  

2. Hypermedia: there are multiple links that lead us through the app. 
3. Non-linear, quick access to information: these involve quick navigation. 
4. Simulations: Virtual environment is present here. For example game, flight simulator 

6.3.3 Advantages and disadvantages of Interactive Multimedia system: 

Advantages: 

i) Make user active, communicate virtually and share information in secure manner 
ii) Provides easy accessibility of daily resources 
iii) Allows user to combine, manipulate, control various media types like text, audio, 

video etc. 

Disadvantages: 

i) Intrusive: may mislead the data or you will be redirected to situation which you do 
not want. 
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ii) Practical field knowledge is necessary in learning. It is missing in e-learning 
which is a very good example of interactive learning system. 
 
 
 
 
 

 
 
 
6.4 Multimedia System 

As we already know that multimedia is a combination of 5 major components or elements 
like audio, video, text, graphics and animation. And multimedia system is responsible for 
developing multimedia application which uses multiple media like text, audio, video, 
animation and graphics. Multimedia system can create, manipulate, delete, store more than 
one media digitally. For example a video is one of the major elements of multimedia which is 
a collection of multiple images. 

6.4.1 Characteristics of Multimedia System 

i) High processing power:  
As multimedia system uses very large amount of data so processing speed needs 
to be very high. 
 

ii) Multimedia capable file system:  
The file system should satisfy the requirements for multimedia data. The 
multimedia data requires high disk bandwidth rates so the disk schedulers must 
reduce latency time to increase the disk bandwidth. 
 

iii) File formats that support multimedia:  
Multimedia data can have variety of file formats like JPEG, MPEG, AVI, GIF, 
PNG, DOC etc.  
 

iv) Input/Output:  
As multimedia system deals with large amount of multimedia data so the input 
and output should be fast enough to do real time recordings. 
 

v) Operating system:  
As multimedia applications consists interactive environment so the operating 
system should provide quick response time. 
 

vi) Storage and Memory:  

CHECK YOUR PROGRESS 

1. What is interactive multimedia system? 
2. What are the different types of interactive multimedia 

systems? 
3. Write few applications of interactive multimedia system. 
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Multimedia systems require large storage and memory capacity to store it consists 
different elements. 
 

vii) Network support:  
Now a days from streaming video in internet to playing games in virtual reality, 
there is a tremendous need of internet, intranet, LAN and WAN, ATM and other. 
 

viii) Software Tools: 
For developing multimedia systems we need various graphics software, 
multimedia editing software etc. including drivers for multimedia peripherals.  

 
6.4.3 Multimedia System Components 

Multimedia system needs multimedia application for user interaction with the system. The 
multimedia application must be capable of handling the multimedia files. Also a good 
graphical user interface is required. The operating system helps the multimedia application to 
provide quick response. As the multimedia system deals with very large amount of media 
files so the processing speed needs to be very high for quick input / output response and also 
needs large amount of storage capacity for the media data. To support the other necessary 
multimedia devices, drivers need to be installed. 

The following figure shows the different components of multimedia system. 

 

Fig. 1.1 Components of Multimedia System 
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6.4.3 Components of Multimedia 
 
Following are the common components of multimedia: 
 
Tex:  All multimedia productions contain some amount of text. The text can have various 
types of fonts and sizes to suit the profession presentation of the multimedia software. 
 
Graphics:  Graphics makes the multimedia application attractive. In many cases people do 
not like reading large amount of textual matter on the screen. Therefore, graphics are used 
more often than text to explain a concept, present background information etc. There are two 
types of Graphics: 
 
Bitmap images: Bitmap images are real images that can be captured from devices such as 
digital cameras or scanners. Generally bitmap images are not editable. Bitmap images require 
a large amount of memory. 
 
Vector Graphics: Vector graphics are drawn on the computer and only require a small 
amount of memory. These graphics are editable. 
 
Audio: A multimedia application may require the use of speech, music and sound effects. 
These are called audio or sound element of multimedia. Speech is also a perfect way for 
teaching. Audio are of analog and digital types. Analog audio or sound refers to the original 
sound signal. Computer stores the sound in digital form. Therefore, the sound used in 
multimedia application is digital audio. 
 
Video: The term video refers to the moving picture, accompanied by sound such as a picture 
in television. Video element of multimedia application gives a lot of information in small 
duration of time. Digital video is useful in multimedia application for showing real life 
objects. Video have highest performance demand on the computer memory and on the 
bandwidth if placed on the internet. Digital video files can be stored like any other files in the 
computer and the quality of the video can still be maintained. The digital video files can be 
transferred within a computer network. The digital video clips can be edited easily. 
 
Animation: Animation is a process of making a static image look like it is moving. An 
animation is just a continuous series of still images that are displayed in a sequence. The 
animation can be used effectively for attracting attention. Animation also makes a 
presentation light and attractive. Animation is very popular in multimedia application. 
 
 
 
 
 

 

CHECK YOUR PROGRESS 

1. Write some of the characteristics of multimedia system. 
2. What are the components of multimedia system? 
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6.5 Multimedia Design Techniques 

Following are the several design techniques used in multimedia: 

i) Semi structured systems development life cycle:  
Here the development of the multimedia design follows a partially structured 
approach. 
 

ii) Prototyping:  
Here a prototype is designed first to develop the multimedia design. Then extra 
features are added to the designed prototype. 
 

iii) Production oriented approach:  
Here the focus mainly depends on the production. Based on the availability of the 
technologies, the design of multimedia is done. 
 

iv) Structured systems development life cycle: 
Here a series of steps followed in design of multimedia. 
  

v) Graphics Design: 
Here, the graphics designer creates interactive multimedia systems. This in the 
most effective way to design multimedia. Basically different forms of media like 
text, audio, video, animation are combined together to create interactive 
multimedia systems. 
 
 
 
 
 
 
 
 

6.6 Multimedia Technology: 

The technology that uses multimedia elements such as text, audio, video, images, animation 
etc. to deliver information is termed as multimedia technology. Multimedia technologies 
contain systems that use the multimedia elements to design interactive multimedia. 
Multimedia technologies use more than one medium in order to communicate Audio devices 
include radios, CDs MP3 players etc. video devices include TVs, DVD players etc.  

Some of the important evolving technologies for multimedia systems are shown in the 
following diagram. 

 

STOP TO CONSIDER 

MULTIMEDIA DESIGN TECHNIQUES ARE USED TO CREATE 
MULTIMEDIA APPLICATIONS FOR BETTER USER INTERCATION 
TO ACCESS MULTIMEDIA INFORMATION FOR ENTERTAINMENT 
AND EDUCATION. 
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Fig. 1.2 Multimedia technologies 

i) Hypermedia Document:  
This includes hypermedia text and speech. Hypermedia includes multiple forms of 
media such as text, graphics, audio, images, and video. Hypermedia refers to 
connecting hypertext with other elements of multimedia. It provides better user 
experience. World Wide Web is an example of hypermedia. And hypermedia 
speech is a technology where audio feature is used to navigate through pages. 
 

ii) HDTV and UHDTV: 
HDTV stands for High Definition Television. It produces high resolution images 
with more color and finer way. Also it provides higher quality audio signals.  
UDTV stand for Ultra High Definition Television.  It is a digital television display 
format in which the horizontal screen resolution is on the order of 4000 pixels or 
8000 pixels 
 

iii) 3D technology and Holography: 
The technology which uses 3D visual appearances to create real life experiences 
virtually is termed as 3D technology. And the technique where wavefront of 
object is recorded and later reconstructed and presents it in a way that appears 3D. 
 
 
 
 
 
 
 

6.7 Network based multimedia system: 

Multimedia is a combination of different media. Especially it is useful for education and 
entertainment. Network based multimedia is to build the multimedia on network so different 
users can share the multimedia information containing image, sound, video, voice etc. 
Multimedia has showed its value as a powerful set of technologies used for training, business 
presentations, and digital marketing. With the help of network based multimedia, people can 
share the multimedia resource and communicate, work collaboratively, so they may produce 
more effective results and save more time and money. 

Multimedia 
Technology 

Hypermedia document HDTV and UHDTV 3D technology and 
Holography 

SAQ 

1. What are the different multimedia technologies? 
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6.8 Summing up 

 Multimedia is a technology where different components like audio, video, text, 
animation and graphics are combined together to form multimedia data or information 
Security mainly focuses on the confidentiality, integrity and availability of the system 
resources.  

 Interactive multimedia system refers to the technology through which user can easily 
navigate any site/ application for acquiring information or services. 

 As we already know that multimedia is a combination of 5 major components or 
elements like audio, video, text, graphics and animation. 

 Multimedia system needs multimedia application for user interaction with the system. 
 Multimedia technologies contain systems that use the multimedia elements to design 

interactive multimedia. Multimedia technologies use more than one medium in order 
to communicate Audio devices include radios, CDs MP3 players etc. video devices 
include TVs, DVD players etc. 

 Network based multimedia is to build the multimedia on network so different users 
can share the multimedia information containing image, sound, video, voice etc. 

6.8 References and Suggested Readings 

1. https://en.wikipedia.org/wiki/Multimedia 
2. https://www.tutorialspoint.com/ 
3. https://www.scribd.com/presentation/25931497/Design-Techniques-for-Multimedia 
4. https://www.indiastudychannel.com/resources/151966-Multimedia-Components-

Applications.aspx 
5. https://www.computerhope.com/ 

6.9 Model Questions 

1. What do you mean by multimedia? 
2. What are the components of multimedia? 
3. What is the difference between interactive multimedia system and multimedia? 
4. Explain the multimedia technologies. 

SAQ 

1. Explain about network based multimedia system. 

-----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------
----------------------------------------------------------------------------- 
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6.10 Answer to check your progress 

1. How a multimedia system can be made? 
2. Why audio, text, video, voice in necessary in making multimedia system? 
3. What is the need of interactive multimedia system? 
4. Explain about multimedia design techniques.  
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7.1 INTRODUCTION 

Animation is basically an illusion of movement of pictures. This word has been derived from 
Greek and Roman. In Greek ,it is animous and in Roman ,it is anima. From this two word 
animation has been derived. Both term has meaning “TO BRING TO ALIVE”. Suppose we have 
some static things, those static object are need to bring alive is animation. Animation can be 
produced by variation in following: 

1. Camera parameters: Change in location with respect to the object, distance from the 
object, focal length. 

2. Lighting condition: Change in direction of light, color of light, number of light and so on. 

3. Transforming the object itself or/and the background scenery. 

 

7.2 OBJECTIVES 
 
After going through this unit student will be able to learn 
1. Basic concept of animation 
2. Types of animation 
3. How to design animation 
4. Languages use for animation 
5. File format and software use for animation etc. 

7.3 BASIC CONCEPT AND  USAGE  OF SOFTWARE MAINTENANCE 

Animation is defined as the act of making something come alive. In animation a series of images 
rapidly changed to create an illusion of movement. Animation include motion verification, 
editing and production or rendering, synchronization of sound track. 

Usage of animation: It is used in artistic purpose, storytelling, displaying data in scientific 
visualization ,Instructional purpose and games, Entertainment(eg cartoons),Advertising(eg car 
converted to a tiger), training and education. 

7.4 TYPES OF ANIMATION 

1. Cel Animation: A traditional form of animation used in the production of cartoons of animated 
movies where each frames of the scene is drawn by hand. A full length feature film produced 
using cel animation would often require a million of more drawings to complete. 

2. Computer Animation: Subset of both computer graphics and animation technologies. It is the 
creation of moving images  using computer technology. 
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3. Kinematics: It is the study of the movement and motion of structures that have joints such as 
walking man. Such type of animation is usually used in the areas like mechanics etc. 

4. Morphing: It is popular effect in which one image transforms into another. The morphed 
images are build at a rate of 8 frames per seconds, with each transition taking a total of 4 
seconds. 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

7.5 FILE FORMATS OF ANIMATION AND SOFTWARE USED 
1. Directorn*.dir 
2. Animation Pro *.fli 
3. 3D Studio Max *.max 
4. Super card and Director *.pics 
5. CompuServe   *.gif 
6. Flash *.fla  *.swf 

Software used are 3D Studio Max,Flash and Animation Pro 

7.6 DESIGNING AN ANIMATION 
 
There are four steps in designing an animation sequence: 
1. Story Board Layout 
2. Object Definition 
3. Key frame Specification 
4. Generation of in-between frames 

STOP TO CONSIDER 

A virtual change in a scene with respect to time is known as animation. It is 
generally achieved by a series of transformation, scaling ,translation, rotation or 
any other mathematical techniques, to produce sequence of scenes. 

CHECK YOUR PROGRESS 

1. How many  types of animation are there? 
2. What is the purpose of animation? 

SELF ASKING QUESTION 

How is computer graphics used in animation? 
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1. Story Board layout 
 It is the outline of an action. It defines the motion sequences as a set of 

basic that are to take place. 
 Depending on the type of animation to be produced the story board could 

be consist of a set of rough sketches of it ,could be a list of basic ideas for 
motion. 

2. Object Definitions 
 Each object participating in the action is given object definition,such 

as terms of basic shapes such as polygon of splines. It is specifying 
the characteristics of an object present in the scene.  

 For each object present in the scene, object definition has to be 
described. 

3. Key frame Specification 
 A key frame in animation is a drawing and film making is a drawing  

that defines the starting and   ending points of any smooth transition. 
 A sequence of key frames which movement the spectator will see, but 

the position of the key frames on the film, defines the timing of the 
movement 2 of 3 can be present for a span of a second. 

4. Generation of in-between frames 
 It is a process of generating intermediate frames between 2 images to 

give appearance that the first image evolves smoothly into the second 
image.In between are the drawing between the key frames which help 
to create the illusion of motion. 

 Film requires 24 frames per second and graphic terminals are 
refreshed at a rate of 30 to 60 frames per second. 

 

 

 

 

 

 

 

 

SELF ASKING QUESTION 

1. What do you mean by key frames? 
2. Why the key frames are used? 

 

STOP TO CONSIDER 

The story board within the workspace is the frame sequence or 
ordering of the clips of the complete project which defines the 
series of actions or basic events. 
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7.7 COMPUTER ANIMATION LANGUAGES 
1. Key frames System 
2. Parameterized Systems 
3. Scripting Systems 

1. Key frame System : By using this types of languages, whenever key frames are 
specified we can generate in between. Key frames can be represented as a set of splines 
or can be represented using physical description how much force applied on an object. 

2. Parameterized System: It allows motion characterized by specifying the object 
definition system. Motion characters are specified as part of object definition. 

3. Scripting System: Here the motion characteristics are specified as a scripting input 
which will be given by user itself. 
 
 

 
 
 
 
 
 
 
 
 
 

7.8 DEVICES FOR PRODUCING ANIMATION 
 

7.8.1 Film Projector 
A film projector is an optical device from which light shines through a 
microfilm and projects the magnified image in front of it over a white wall or 
board. The light is made to pass through a series of lenses to focus the image 
marked on the microfilm properly. The projector is placed at any suitable 
distance from the wall . The microfilm reel is made to pass through the film gate 
through sprocket wheels. The film is illuminated by a shuttered light, the shutter 
of which opens and closes as the film passes by. The lower sprocket roller pulls 
the film down, one frame at a time. It is also fitted with an optional sound head 
that reads the sound track which runs parallel to the microfilm storyboard. 
 

SELF ASKING QUESTIONS 

What are the different animation software available ? 

CHECK YOUR PROGRESS 

3. How key frame system is different from 
parameterized system? 
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Film Projector [4] 

 
7.8.2 Cathode Ray Tube 

The primary output device in graphics system is video monitor and most 
of the video monitor works on Cathode ray tube. So whatever technology 
we are using it works on CRT design. CRT is a specialized vacuum tube 
in which images are produced when an electron beam strikes the 
phosphorous coated screen. Images produce when electron beam strikes 
the screen. CRT modulates, accelerates, deflects the electron beam on the 
screen to create an image. Let’s see how CRT works. 
 
It contains an electron gun. The electron gun contains heating filament and 
cathode. It generates negatively charge electrons and accelerates towards 
phosphorous coated screen.  
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The next component is control grid. Control grid controls the flow of 
electrons so that electron does not move freely inside the vacuum tube. 
Focusing system is the next component. It is used to create clear picture by 
focusing the electron into a narrow beam. It is accomplished either 
magnetic or electric field. If a picture is not clear means there must be 
problem with focusing system. 
The next component to control grid  is deflection system. It controls the 
direction of electron beam by either using electric or magnetic fields.Two 
pairs of plates are used. One pair of parallel plates are use for horizontal 
and another for vertical deflection. 
Final component is phosphorous coated screen. Inside of screen is coated 
with phosphorous. The phosphorous glows when highly energy electron 
beam hits screen and thus we see the picture on screen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.9 SUMMING UP 
 
In the context of computer graphics, thus we can say animation is  produced by a 
series of geometric transformation that scaling, translation, rotation or any other 
mathematical technique, to produce sequence of scenes. It usually specifies the 
artificially drawn picture sequence. The computer is one of the latest tools in this 
area, its use powered by its graphics capabilities. Animation in scientific visualization 
enables an easy understanding of concepts evolved, even of processes that cannot be 
seen through videos. A micro film output with the projector generally results in more 
accurate translation from the color system displays than video tape. Film projection 

SELF ASKING QUESTION 

How film projector and CRT works? 

CHECK YOUR PROGRESS 

4. What is the purpose of horizontal and vertical 
deflection plate in CRT? 

5.What is the function of electron gun? Why it is 
required? 
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requires less resources of RAM,processor speed or graphics capabilities as compared 
to the graphics audio visual file displays in computer generated animation. Now a 
days ,these devices also come with an interface to a computers standard output,AV or 
S-video connection. This enables the story board to be prepared and stored in 
computer audiovisual files. 
 

7.10 References and Suggested Readings 
 

1. Computer Animation: Algorithms and Techniques-Book by Rick Parent 
2. Animation for Beginners: Book by Lisa Lee 
3. Computer Graphics –Zhigang Xiang and Roy Plastock 
4. https://ssec.si.edu/stemvisions-blog/what-physics-behind-watching-movie 
5.  

              

7.11 MODEL QUESTIONS 
 
1. Define the term Computer animation.  
2. Compare various file format of animation. 
3. Explain various animation techniques used in computer animation. 
4. Discuss various devices for producing animation. 
5. How key frame system different from parameterized system? 
6. Which program is best for animation? 
7. How film projector works? Explain. 
8. Explain the working of CRT. 
9. What are function of different components in a CRT? 
10. Write application of animation. 

 
7.12 ANSWERS TO CHECK YOUR PROGRESS 

 
1. There are four types of animation. 
2. Animation shows accurate representation of an object . It allows us to create 3D 

representation which seems to be realistic in the display devices. It allows us to 
create model that are essential for research and study. 
 

3. Key frame systems are specialized animation languages designed simply to 
generate the in-betweens from the user specified key frames. Parameterized 
systems describe   characteristics of object motion as part of the object definitions. 
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4. First the electrons pass through the vertical deflection plates ,yielding slightly 
higher sensitivity as distance of vertical deflection plates is more from phosphor 
coated screen as compared to horizontal deflection plates. 

 
5. Electron gun is use  to produce and accelerate the beam of an electron inside the 

vacuum tube of the CRT. In order to generate and accelerate the gun requires the 
heater, cathode electrodes, grid, and different types of anodes. 


