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1.7 Bibliography  

1.0 OBJECTIVES 

After this chapter, student will be able to: 

• Define computer graphics 

• State various applications of graphics 

• Understand coordinate system and various graphics functions 

• Identify various input devices used in graphics 

• Describe the basic elements used in computer graphics  

• Identify various display devices. 

• State the working of display devices. 

• State and differentiate raster scan and random scan devices. 

1.1 OVERVIEW OF COMPUTER GRAPHICS 

 • Computer graphics deals with representation of information in 

pictorial form. 

• It is a way of generating of images or any kind of object with the aid 

of computers. 

• It plays an important role in many fields like education, photography, 

filming and many more. 

1.1.1 Definitions: 

• Computer Graphics: It is a field of computer science that deals with 

creating, manipulating, storing and displaying pictures or objects on a 

display device. 

• Pixel: It is a smallest element on the screen. 

• Resolution: The number of pixels on a display monitor expressed in 

terms of number of pixels on horizontal axis and number of pixels on 

vertical axis is called resolution. 

• Rasterization: The process of determining appropriate pixels for 

representing picture or object on screen is called rasterization. 

• Scan conversion: The process of representing continuous picture or 

object as a collection of discrete pixel is called scan conversion. 

1.1.2 Advantages of Computer Graphics: 

• Produces high quality graphics. 

• Provides use of tools to generate and manipulate objects or pictures. 
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Computer Graphics • Used to work with 2D and 3D objects. 

• Used in animations. 

1.1.3 Computer Graphics Applications: 

Computer graphics can be used in various fields. The common 

applications are as follows: 

Computer Aided Design: 

• It is used in design processes of architecture and engineering systems. 

• Used in design of automobiles, textiles, spacecraft, aircrafts, 

buildings, etc. 

 

Fig. 1.1: Use of CAD in computer graphics 

Computer Art: 

• It is a majorly used in the field of fine arts and commercial 

applications. 

• Use of applications like mathematics package, paint package, 

animation program and desktop publishing software helps in 

computer art. E.g., cartoon drawing, painting. 

 

Fig. 1.2: Use of Computer Art in computer graphics 
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Entertainment: 

• It can be used to create any motion pictures and videos. 

• Animated movies or clips can be created. 

• Sound and music can be used to generate any movie clips, animated 

shows or TV shows. 

• Games can also be made with interactivity features.  

 

Fig. 1.3: Use of Entertainment in computer graphics 

Education and Training: 

• It is used in classroom to enhance educational experience by 

simplifying teacher’s work. 

• Models can be generated which can be useful for teaching and making 

understanding more easier. 

• In distance learning, where students are not at the same place, use of 

computer graphics plays an important role, by means of conducting 

tests. E.g., kahoot.it, quizzes.com. 

• For training, simulators can be made as hands on experience for 

candidates for better understanding. 

 

Fig. 1.4: Use of Kahoot in Education 
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Computer Graphics Presentation Graphics: 

• Reports can be generated on slides. 

• It is used for summarizing mathematical, financial, statistical and 

scientific data. 

• Graphs and charts can be generated to make any kind of presentation. 

E.g., pie charts, bar charts. 

 

Fig. 1.5: Use of Presentation graphics in computer graphics 

Visualization: 

• To check insights of data, to study behavior of processes, 

visualization is required with proper use of computer graphics. 

 

Fig. 1.6: Use of Visualization in computer graphics 

Image Processing: 

• Used in applications where images or photographs requires editing. 

• Processing on existing images done for more enhancement. 
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Fig. 1.7: Use of Image processing in computer graphics 

Graphical User Interfaces: 

• A window manager is an important component in GUI that allows a 

user to display multimedia window areas. 

• For fast selection processing, use of menus, icons and buttons are 

made in an interface. 

 

Fig. 1.8: Use of GUI in computer graphics 

1.1.4 Computer Graphics Software: 

 Graphics software can be classified into two categories: 

a. General Programming Packages 

b. Special Purpose Applications Packages 

a. General Programming Packages: 

o They are like programming languages; they contain rich set of 

graphics functions. 

o Basic functions include: 

 Generate picture components like circles, polygons, straight lines, 

etc. 

 Filling colors and setting intensity values 
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Computer Graphics  Selecting views 

 Applying transformations 

o E.g., graphics library system, Open GL, Open CV 

b. Special Purpose Application Packages: 

o These set of graphics packages are designed for non-programmers. 

o Users can create their own graphics without worrying about the 

underlying concepts. 

o The interface to the graphics routines in such packages allows users to 

communicate with the programs in their own terms. 

o E.g., Paint, CAD, etc. 

1.1.4.1 Coordinate Representation: 

• General graphics packages are generally designed to be used with 

Cartesian coordinate specifications. 

• The coordinate values for an object should be converted to Cartesian 

coordinates if they were specified in some other reference frame, 

before they are passed as input to a graphics package. 

• Special purpose packages allow the use of other coordinate systems 

based upon the applications used. 

• Various Cartesian reference frames can be used to construct and 

display a scene. 

• Individual shape of an object can be constructed in a scene within 

separate coordinate reference frames called modelling coordinates or 

local coordinates or master coordinates. 

• Objects can be placed into appropriate positions within a scene using 

a reference frame called as world coordinates, once the individual 

object shapes have been specified. 

• For display, the world coordinate description of the scene is 

transferred to one or more output device reference frames, called as 

device coordinates or screen coordinates. 

• Before final conversion to specific device coordinates, a graphics 

system first convert’s world coordinates positions to normalized 

device coordinates in the range from 0 to 1. 

• This is done to ensure that the system is independent of any device 

used as a workstation. 



 

 8 

Introduction To Computer 

Graphics 

 

 

 

Fig. 1.9: Viewing Pipeline 

1.1.4.2 Graphics Functions: 

• Users are provided with various functions for creating and 

manipulating pictures by general-purpose graphics package. 

• Output primitives: These are the basic building blocks for pictures. 

It includes string and entities like points, straight lines, curved lines, 

circles and polygons. 

• Attributes: The properties of output primitives are referred to as 

attributes that describes how a primitive is to be displayed. It includes 

line styles, color specifications, intensity of colors and text styles. 

• Geometric transformations: It is used to change the size, orientation 

or position of an object within a scene. 

• Viewing transformations: It is used to specify view that is to be 

presented and portion of the output display area that is to be used. 

• Input functions: It is used to control and process the data flow from 

interactive devices. 

• Control operations: It is used in clearing a display screen or 

initializing parameters. 

1.1.4.3 Software Standards: 

• The primary intension of standardization of graphics software is 

portability. 

• The packages are designed with standard graphics functions so they 

can be used with different hardware systems and used in different 

implantation and applications. 

• The Graphical Kernel System (GKS) was developed to adopt the 

first graphics software standard by the International Standard 

Organization (ISO). 

• Another graphics standard developed and approved was 

Programmers Hierarchical Interactive Graphics System 

(PHIGS), which is an extension of GKS. 
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Computer Graphics • It provides improved capabilities for object modelling, color 

specifications, surface rendering and picture manipulation. 

• An extension of PHIGS, called as PHIGS+, was developed to provide 

3D surface shading capabilities. 

• PHIGS does not provide a standard methodology for graphics 

interface to output devices and does not specify methods for storing 

and transmitting pictures. 

• Computer Graphics Interface (CGI): system provides standards for 

device interface methods and the Computer Graphics Metafile 

(CGM) system specifies standards for archiving and transporting 

pictures. 

1.1.5 Input Devices:  

Keyboards: 

● To enter any kind of string or number, an alphanumeric keyboard is 

used as an input in a graphics system. 

● A general keyboard can consist of 84 keys or 101 keys. 

● A keyboard consists of numeric keys (0 to 9), alphabetic keys (A to 

Z), control keys (Ctrl, Shift, Alt), special symbol keys (! @, #,”, ?), 

cursor control keys (arrow keys), function keys (F1 to F9). 

● Keyboards are not only used to enter any numbers, or symbols or 

alphabets, it is also be used for menu selection. 

● A numeric keypad is on the right of keyboard for fast entry of 

numeric data. 

 

Fig. 1.10: Keyboard 

Mouse: 

● To position the cursor on the screen, mouse is used. 

● The roller present at the bottom of the mouse records the direction of 

the movement. 
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● The motion of the mouse can also be detected by option sensor in 

which the mouse is moved over a special mouse pad that has a grid of 

horizontal and vertical lines. 

● The optical sensor detects movement across the lines in the grid. 

● The mouse consists of two or three buttons on the top to execute any 

kind of operation. 

● There is a type of mouse called as Z mouse which can be used to pick 

an object, rotate that object, move the object in any direction and 

navigate our view through a three dimensional scene. 

 

Fig. 1.11: Mouse 

Trackball and Spaceball: 

● A trackball is a ball that is used to rotate with palm of the hand or 

with the fingers, to produce screen-cursor movement. 

● A resistor with sliding or rotating contact (called potentiometers) 

attached to the ball, is used to measure the amount and direction of 

rotation. 

● Trackballs are generally mounted on keyboards and is a two- 

dimensional positioning device. 

● A spaceball does not actually move. 

● A sensor whose resistance varies when force applied (called strain 

gauges) measures the amount of pressure applied to the spaceball to 

provide input for spatial positioning and orientation as the ball is 

pushed or pulled in various directions. 

● Spaceballs are used for three-dimensional positioning and selection 

operations in CAD, animation, virtual-reality systems, modeling and 

other applications. 
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Computer Graphics 

 

Fig. 1.12: Trackball and Spaceball 

Joysticks: 

● A joystick consists of a small, vertical lever (called the stick) mounted 

on a base that is used to move the screen cursor in all directions. 

● Position on the screen is selected with actual stick movement or by 

applying pressure on stick. 

● Joysticks can be standalone device or can be mounted on a keyboard. 

● The direction of the screen-cursor movement depends upon the 

direction in which the stick is moved. 

● Potentiometers mounted at the base of the joystick measure the 

amount of movement, and springs return the stick to the center 

position when it is released. 

 

Fig. 1.13: Joystick 
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Data Glove: 

● Data glove is used to grasp a virtual object. 

● The glove is made up of many sensors that helps to detect motions of 

fingers and hand. 

● The information about the position and orientation of hand is provided 

by the electromagnetic coupling between transmitting and receiving 

antennas. 

● Input from the glove can be used to position or manipulate objects in 

a virtual scene. 

● A two-dimensional projection of the scene can be viewed on a video 

monitor. 

 

Fig. 1.14:  Data Glove 

Image Scanner: 

● Drawings, graphs, color and black-and-white photos, or text can be 

stored for computer processing with an image scanner by passing an 

optical scanning mechanism over the information to be stored. 

● Once we have the internal representation of a picture, we can apply 

transformations to rotate, scale, or crop the picture to a particular 

screen area. 

● For scanned text input, various editing operations can be performed 

on the stored documents. 

● Some scanners are able to scan either graphical representations or 

text, and they come in a variety of sizes and capabilities. 
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Fig. 1.15: Image Scanner 

Touch Panels: 

• A type of display screen that has a touch-sensitive transparent panel 

covering the screen are called touch panels. 

• The input is recorded through finger when in contact with the screen. 

• It allows a user to interact directly what is being displayed instead of 

using mouse and keyboards. 

• Generally used on smart phones and laptops. 

 

Fig. 1.16: Touch Panel 

Light Pens: 

• It is a pencil-shaped device used to select screen positions by 

detecting the light coming from points on the CRT screen. 

• Also used to select menu driven applications or draw pictures on 

monitor screen. 

• It consist of photocell and optical system placed in a small tube. 

• When its tip is moved over the monitor screen, the photocell-sensing 

element detects screen location and sends corresponding signals to          

CPU. 
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Fig. 1.17: Light Pens 

Voice Systems: 

• It is used in some graphics workstations as input devices to accept 

voice commands. 

• These systems operate by matching an input against a predefined 

dictionary of words and phrases. 

• It is easy to use and most efficient device. 

• E.g., a microphone. 

 

Fig. 1.18: Voice Systems 

1.1.6 ACTIVE AND PASSIVE GRAPHICS  

Active Graphics Passive Graphics 

Also known as interactive 

graphics.  

Also known as non-

interactive graphics. 

In active graphics, users have 

control over the picture displayed 

on the screen.  

In passive graphics, users do not 

have any control over the picture 

displayed on the screen. 

These graphics includes 

animations.  

These graphics do not change its 

shape on display 

It is a two-way communication 

between the computer and the user. 

It is a one-way communication 

between the computer and the user. 
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Computer Graphics Low cost.  High cost. 

Image quality produced is high.  Image quality produced is not too 

good. 

E.g., video games, drawing on 

touch screens  

E.g., titles on TV screen, data 

representation through charts 

 

1.2 ELEMENTS OF COMPUTER GRAPHICS  

Graphic design is the art of combining images, text and ideas to create 

works that capture a viewer’s consideration to communicate a specific 

message.  

There are 7 specific design principles that we should follow whenever we 

are creating a graphic design. These elements or principles can help us to 

create wonderful layouts that are both effective and pleasing to the eye. 

They also teach us to communicate a visually better message to our target 

audience through designs.  

The Seven Basic Elements of Graphic Design are line, color, shape, 

texture, type, image, and space impact graphic design. 

Line: 

● Lines are always more than just points that are eased together.  

● Depending on their form, weight, length and context, lines can help 

organize information, define shapes, imply movement, and convey 

emotions. 

● The appropriate lines for projects, designers have plenty of options.  

● Lines can be horizontal, vertical, diagonal, straight, curved, freeform, 

zigzag or create other patterns, solid, broken or implied. 

● Meanwhile, visible lines with weight and form can be used to 

communicate a variety of messages and moods in a designer’s 

finalized work. 

● Because even simple lines are able to convey so much, designers 

should always carefully consider how and when to use them to 

provide the very most impact. 

● Lines, in graphic design, can be used for a wide range of purposes: 

connecting content, stressing a word or phrase, forming patterns etc.  

● Lines can be vertical, horizontal, diagonal, circular, patterned, free 

form or solid. They are used as roadmaps to direct the viewer’s eye 

movements.  

● If we use trees for example, which are standing straight up (vertical), 

there is no movement felt by the viewer. On the other hand if have the 
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trees bent at an angle this will make the viewer feel motion and a 

sense of movement.  

 

Fig. 1.19: Lines 

Shape: 

● The three basic types of shapes are Geometric (Circles, Squares, 

Triangles etc.), Natural (leaves, mountains, people etc.) and abstract 

(icons, stylizations and graphic representations).  

● They give volume to the forms in a design. In our design work instead 

of using similar design shape we can mix it up and put them together 

making sure that the placement of them keeps our piece balanced.  

● Sometimes adding just a small shape to a blank area will make the 

piece look more balanced.  

● There are two types of shapes that every graphic designer should 

understand: geometric and organic (or “free-flowing”). 

● Geometric shapes can include either two-dimensional or three-

dimensional forms. 

● Geometric shapes can include triangles, pyramids, squares, cubes, 

rectangles, pentagons, hexagons, octagons, decagons, circles, ellipses 

and spheres. 

 

Fig. 1.20: Shape 

Color: 

● People process color in the artwork subconsciously.  
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Computer Graphics ● Color is used to generate emotions, define significance, create graphic 

interest and join branding.  

● To institute mood, build appeal, create interest and get a 

communication across, color is the most powerful tool in our graphic 

design cache.  

● The Color Wheel is a great tool for a graphic designing artist and we 

will use it repeatedly to create a great piece of artwork. Color can be a 

useful tool for communicating a mood or provoking an emotional 

response from our viewer.  

● Color theory and the color wheel provide a practical guide for graphic 

designers who want to select a single color or combine multiple colors 

in a harmonious or purposely discordant way. 

 

Fig. 1.21: Color 

Texture: 

● Texture relates to the surface of an object, where it creates an illusion 

of a surface that is not flat or smooth.  

● By using texture, we can add depth and visual interest in graphic 

design.  

● It enhances a sense of feel, especially with two-dimensional images.  

● In graphic design, texture can take the form of layers or progression 

of text, lines or shapes, which can be applied in the form of pattern or 

through the choice of printable surface.  

● Texture is the feel of a surface furry, smooth, rough, soft, gooey or 

glossy.  

● Most graphic designers visually convey texture by using illusions to 

suggest how their work might feel if viewers could touch it.  

● Mastering texture is an important part of making designs look 

polished and professional. 
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● There are different ways to experiment with texture in your design 

work.  

● If we are inspired by nature, then we may want to work with organic 

textures, drawing inspiration from leaves, tree bark, stones, fur, 

flowers, grass and soil.  

 

Fig. 1.22: Texture 

Type: 

● While choosing a font or creating our own typography for a graphic 

design project, it’s important to make sure the type we use is legible 

and appropriate for our subject. 

● Type affects the overall mood of a design, so consider whether our 

letters should be print or script, and whether they should have angles 

that are sharp or rounded. 

● The weight of our lettering is also an important part of our design. 

● Typically, large or thick letters convey that the words they convey are 

important.  

● If we aren’t careful, though, they can also seem heavy-handed or 

disrupt a design’s balance. Thin letters can connote elegance or 

modernity, but they can also seem fragile.  

Space:  

● An important part of any good graphic design, Space is the area 

around the elements in a design, which is used to separate or group 

information.  

● We must learn to use it effectively to define importance and lead the 

eye to where we want it to travel.  

● In design language, white space is called negative space, which is 

used to connect, separate or maximize the relationship between the 

elements making up the design.  

● Space can also be effectively used to give the illusion of depth or 

multi-dimension to the observer. 
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Computer Graphics ● Spacing is a vital part of any designer’s toolkit. It can give a design 

breathing room, increase its visual impact, balance out heavier visual 

elements, and emphasize images or messages that viewers should 

remember.  

● Without enough space, a design can risk becoming too visually 

cluttered for our audience to understand. 

● Spacing can separate objects or link them together. Narrow spacing 

between visual elements conveys that they have a strong relationship, 

while wider spacing communicates that they are less related.  

● Positive space refers to the space occupied by visual elements that a 

designer wants their audience to focus on.  

● Negative space refers to everything else, including the background.  

● Many designers make the mistake of only focusing on crafting a 

positive space, but organized negative space is just as essential to a 

cohesive, visually interesting composition.  

Image: 

● Whether graphic designers use photographs or illustrations, they rely 

on images to grab the audience’s attention and express specific 

messages. 

● An image works on multiple levels simultaneously: It provides 

context for a designer’s communication, adds necessary drama or 

action, and creates an overall mood. 

● When incorporating images into our work, it is vital to find a picture 

that tells the right story and maximizes visual interest. 

● We could choose an image with a lot of contrasting colors and 

textures, which offers viewers a visual feast to keep audiences 

interested.  

● Or we might spotlight a particular part of an image to convey where 

they place the majority of their focus. 

The other Secondary elements of Graphic Design are Size and Value that 

impact graphics design as described below are: 

Size:  

● The functionality of a graphic design layout centers heavily on this 

element i.e. size.  

● In graphic design, size is used to express importance, draw attention 

and create contrast. 
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● People generally use size to attract attention to the most important 

part in the design; typically, a larger sized object or form attracts the 

most eyeballs inside an artwork.  

● Also, different sizes within the same graphic design or layout create 

an order of rule.  

Value: 

● While designing an area the appearance of light or dark looks in a 

design is termed as Value. 

● It is everything from the blackest of blacks through to the lightest of 

whites.  

● If we learn to use values in the right manner, it will add enormous 

depth, contrast and importance to our design.  

● The knowledge of Value plays a big role when we want to express the 

deception of movement or bring one element into sharp focus while 

another fades into the background. 

1.3 GRAPHICS DISPLAY DEVICES 

• There are number of display devices used in graphics. 

• Output devices is another name of display devices. 

• The display devices generally used are CRT and LCD. 

1.3.1 Storage Tubes Graphics Displays: 

• They are also known as is Direct View Storage Tubes (DVST). 

• In raster scan display, we do refreshing of the screen to maintain a 

screen image. 

• The DVST give alternate method of maintaining the screen image. 

• A DVST uses the storage grid, which stores the picture information. 

• DVST consists of two guns, namely primary gun and flood gun. 

• A primary gun stores the picture pattern and the flood gun maintains 

the picture display. 

• A primary gun produces high-speed electrons, which strike on the 

storage grid to draw the picture pattern. 

• Continuous low speed electrons from flood gun pass through the 

control grid and gets attracted to the positive charged areas of the 

storage grid. 

• The low speed electron then penetrate the storage grid and strike the 

phosphor coating. 
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Computer Graphics • During this process, the collector behind the storage grid smooth out 

the flows of food electrons. 

Merits: 

• It has flat screen. 

• Refreshing of CRT is not required. 

• Complex picture can be displayed on high resolution. 

Demerits: 

• The performance of DVST is poor compared to CRT. 

• Erasing requires removal of charge on the storage grid. 

• Selective or part erasing of screen is not possible. 

• Erasing of screen produces flash over the entire screen. 

 

Fig. 1.23: Working of Direct View Storage Tube 

1.3.2 Calligraphic Refresh Graphics Displays: 

• Calligraphic refresh graphic displays are also referred random scan or 

stroke-writing or vector displays. 

• A CRT, as a random scan display unit, has an electron beam directed 

only to the parts of the screen where a picture is to be drawn. 

• Random scan monitors draw a picture one line at a time. 

• The component of a picture can be drawn and refreshed by a random 

scan system in any specified order. 

• A pen plotter operates in a similar way and is an example of a random 

scan hard copy device. 

• The refresh rate, on the random scan system, depends on the number 

of primitives like lines to be displayed. 
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• A picture definition is stored as a set of line-drawing commands in an 

area of memory called a refresh display file or refresh buffer. 

• To display a specified picture, the system cycles through the set of 

commands in the display file, drawing each component line one by 

one. 

• After all line drawing commands have been processed, the system 

cycles back to the first line command in the list and repeat the 

procedure of scan, display, and retrace. 

• Random scan displays are designed to draw all the component lines of 

a picture 30 to 60 times each second. 

• High quality vector systems are capable of handling approximately 

100,000 short lines at this refresh rate. 

• The faster refreshing of the set of lines could burn out the phosphor. 

• Therefore, when a small set of lines are to be displayed, each refresh 

cycle is delayed to avoid greater refresh rates, typically 60 frames per 

second. 

• Random scan systems are designed for line drawing applications, 

hence cannot display realistic shaded scenes. 

• Vector displays have higher resolution than raster systems, as picture 

definition is stored as a set of line drawing instructions instead of a set 

of intensity values for all screen points. 

• These vector displays produce smooth line drawings, because the 

CRT beam directly follows the line path. 

• A raster system, in contrast, produces jagged lines that are plotted as 

discrete point sets. 

 

Fig. 1.24: Working of Random Scan Systems 

1.3.3 Raster Refresh Graphics Displays: 

• A raster scan display is the most common method of drawing images 

on a CRT screen. 
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to move a beam all over the screen in a pattern for displaying any 

image. 

• The electron beam is swept across the screen one row at a time from 

top to bottom. 

• The electron beam sweeps back and forth from left to right across the 

screen. 

• The beam is on, while it moves from left to right. 

• The beam is off, when it moves back from right to left. 

• This phenomenon is called horizontal retrace. 

• As soon as the beam reaches the bottom of the screen, it is turned off 

and is rapidly retraced back to the top to start again. 

• This is called vertical retrace. 

 
Fig. 1.25: Horizontal and vertical retrace 

• Raster scan displays maintain the steady image on the screen by 

repeating scanning of the scan image. 

• This process is known as refreshing the screen. 

 
Fig. 1.26: Working of Raster Scan Systems 
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1.3.4 Random Scan Display V/S Raster Scan Display: 

Random Scan Display Raster Scan Display 

It has high resolution. It has less resolution. 

The electron beam is directed on 

portion of screen where picture 

is to be displayed. 

The electron beam is directed to 

the whole screen i.e. scanning 

one row at a time 

It is costlier. It is less expensive. 

It stores picture definition as  a 

set of line commands called 

refresh display file. 

It stores picture definition in 

refresh buffer or frame buffer 

Smooth line is produced. Zigzag line is produced. 

No realistic image displayed. Realistic image is displayed. 

It is used for line drawing 

applications. 

It uses pixels along scan line to 

draw an image. 

Refresh rate is 30 to 60 

Frames/second. 

Refresh rate is 60 to 80 

Frames/second. 

Memory required is less. Memory required is more. 

 

1.3.5 Flat-Panel Display Device:   

● Flat-panel display have reduced volume, weight and power 

requirement compared to a CRT. They are thinner than CRT and can 

be hang on walls. 

● Flat-panel display device are divided into two types i.e. Emissive and 

Non-Emissive Display Devices.  

a. Emissive displays: The emissive display or emitters are devices that 

convert electrical energy into light. For Ex. Plasma panel, thin film 

electroluminescent displays and light emitting diodes. 

b. Non emissive displays: Non emissive display or non-emitters use 

optical effects to convert sunlight or light from some other source into 

graphics patterns. For Ex. LCD (Liquid Crystal Display). 

1.3.5.1 Plasma Panels displays:  

 
Fig: 1.27. Working of Raster Scan Systems 
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● It is constructed by filling the region between two glass plates with a 

mixture of gases that usually includes neon. 

● A series of vertical conducting ribbons is placed on one glass panel 

and a set of horizontal ribbon is built into the other glass panel. 

● Firing voltage is applied to a pair of horizontal and vertical 

conductors cause the gas at the intersection of the two conductors to 

break down into glowing plasma of electrons and ions. 

● Picture definition is stored in a refresh buffer and the firing voltages 

are applied to refresh the pixel positions, 60 times per second. 

● Alternating current methods are used to provide faster application of 

firing voltages and thus brighter displays. 

● Separation between pixels is provided by the electric field of 

conductor. 

● One disadvantage of plasma panels is they were strictly 

monochromatic device that means shows only one color other than 

black like black and white. 

1.3.5.2 Thin Film Electroluminescent Displays: 

 

Fig. 1.28:  Basic design of a thin-film electro luminescent display 

device. 

● It is similar to plasma panel display but region between the glass 

plates is filled with phosphors such as zinc sulphide doped with 

magnesium instead of gas. 

● When sufficient voltage is applied the phosphors becomes a 

conductor in area of intersection of the two electrodes. 

● Electrical energy is then absorbed by the manganese atoms which 

then release the energy as a spot of light similar to the glowing plasma 

effect in plasma panel. 

● It requires more power than plasma panel. 

● In this good color and gray scale difficult to achieve. 
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1.3.5.3 Light Emitting Diode (LED): 

● In this display a matrix of multi-color light emitting diode is arranged 

to form the pixel position in the display. And the picture definition is 

stored in refresh buffer. 

● Similar to scan line refreshing of CRT information is read from the 

refresh buffer and converted to voltage levels that are applied to the 

diodes to produce the light pattern on the display. 

 

Fig. 1.29: LED 

1.3.5.4 Liquid Crystal Display (LCD):-    

 

Fig. 1.30: Light twisting shutter effect used in design of most LCD. 

● It is generally used in small system such as calculator and portable 

laptop. 

● This non emissive device produce picture by passing polarized light 

from the surrounding or from an internal light source through liquid 

crystal material that can be aligned to either block or transmit the 

light. 

● The liquid crystal refreshes to fact that these compounds have 

crystalline arrangement of molecules then also flows like liquid. 
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to each other sandwich the liquid crystal material between the plates. 

● Rows of horizontal transparent conductors are built into one glass 

plate, and column of vertical conductors are put into the other plates. 

● The intersection of two conductors defines a pixel position. 

● In the ON state polarized light passing through material is twisted so 

that it will pass through the opposite polarizer. 

● In the OFF state it will reflect back towards source. 

● We applied a voltage to the two intersecting conductor to align the 

molecules so that the light is not twisted. 

● This type of flat panel device is referred to as a passive matrix LCD. 

● In active matrix LCD transistors are used at each (x, y) grid point. 

● Transistor cause crystal to change their state quickly and also to 

control degree to which the state has been changed. 

● Transistor can also serve as a memory for the state until it is changed. 

● So transistor make cell ON for all time giving brighter display then it 

would be if it had to be refresh periodically. 

 

Fig. 1.31: Working of LCD 

• The term liquid crystal refers to the fact that these compounds have a 

crystalline arrangement of molecules, yet they flow like a liquid. 

• Two glass plates, each containing a light polarizer at the right angles 

to the other plate squeezes the liquid-crystal material. 

• Rows of the horizontal transparent conductors are built into one glass 

plate and columns of vertical conductors are put into the other plate. 

• The intersection of two conductors defines a pixel position. 
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• In the ON state, polarized light passing through material is twisted so 

that it will pass through the opposite polarizer. 

• It is then reflected back to the viewer. 

•  To turn OFF the pixel, we apply a voltage to the two intersecting    

conductors to align the molecules so that light is not twisted. 

Merits: 

● Low cost. 

● Low weight. 

● Small size 

● Low power consumption. 

● Suitable component for portable devices like laptops, mobile phones, 

etc. 

● Power consumption is much less so ideal to be operated by batteries. 

Demerits: 

• More expensive than the CRT and more difficult to manufacture. 

1.3.6 Cathode Ray Tube (CRT): 

• A CRT is an evacuated glass tube. 

• An electronic gun at the rear of the tube produces a beam of electron, 

which is directed towards the front of the screen by a high voltage. 

• The inner side of the screen is coated with phosphor substance, which 

gives off light when it is stroked by electron. 

• The control grid voltage determines the velocity achieved by the 

electrons before they hit the phosphor. 

• The control grid voltage determines how many electrons are actually 

in the electron beam. 

• Thus, control grid controls the intensity of the spot where the electron 

beam strikes the screen. 

• The focusing system concentrates the electron beam so that the beam 

converges to a small point when it hits the phosphor. 

• The deflection system of CRT consists of two pairs of parallel plates, 

namely horizontal and vertical deflection plates. 

• One pair of parallel plate is mounted horizontally to control vertical 

deflection and other plate is mounted vertically to control horizontal 

deflection. 
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voltage applied to the horizontal deflection plates controls the 

horizontal deflection of the electron beam. 

• Different kinds of phosphor are used in CRT. Besides color, it is also 

used to see phosphor how long they continue to emit light after the 

CRT beam is reduced. 

• The maximum number of points that can be displayed without 

overlapping on CRT is called as “resolution”. 

• Resolution of a CRT is dependent on the type of phosphor intensity to 

be displayed and the focusing deflection system. 

• There are two techniques used for producing images on CRT screen, 

namely Random Scan and Raster Scan. 

 

Fig. 1.32: Working of CRT Monitors 

1.3.7 Color CRT: 

• A CRT monitor displays color pictures by using a combination of 

phosphors that emit different-colored light. 

• It generates a range of colors by combining the emitted light from 

different phosphors. 

• There are two basic techniques used for producing color displays: 

o Beam-penetration technique 

o Shadow mask technique 

1.3.7.1 Beam-Penetration Techniques: 

• This technique is used with random-scan monitors. 

• In this technique, the inside of CRT screen is coated with two layers 

of phosphor, usually red and green. 
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• The displayed color depends on how far the electron beam penetrates   

into the phosphor layers. 

• The outer layer is of red phosphor and the inner layer is of green                    

phosphor. 

• A beam of slow electrons excites only the outer red color. 

• A beam of very fast electrons penetrates through the red layer and 

excites the inner green layer. 

• At intermediate beam speeds, combination of red and green light are 

emitted and two additional colors, orange and yellow are displayed. 

• The beam acceleration voltage controls the speed of electrons and 

hence the screen color at any point on the screen. 

 

Fig. 1.33: Beam-Penetration 

Merits: 

• It is inexpensive technique to produce color in random scan monitors. 

Demerits: 

• It can display only four colors. 

• The quality of picture produced by this technique is not good as 

compared to other techniques. 

1.3.7.2 Shadow Mask Technique: 

• The shadow mask technique produces a much wider range of colors 

then the beam penetration technique. 

• Hence, this technique is commonly used in raster-scan displays 

including color TV. 

• In a shadow mask technique, CRT has three phosphor color dots at 

each pixel position. 
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Fig. 1.34: Shadow Mask Technique 

• One phosphor dot emits a red light, second emits green light and third 

emits blue light. 

• It has three electron guns, one for each color dot and a shadow mask 

grid just behind the phosphor-coated screen. 

• The shadow mask grid consists of series of holes aligned with the 

phosphor dot pattern. 

• Three electron beams are deflected and focused as a group on to the 

shadow mask and when they pass through a hole in the shadow mask, 

they excite a dot triangle. 

• A dot triangle consists of three small phosphor dots of red, green and 

blue color. 

• A dot triangle when activated appears as a small dot on the screen, 

which has color of combination of three small dots. 

• By varying the intensity of three electron beams, we can obtain 

different colors in the shadow mask CRT.                                           

1.3.8 LCD Displays V/S CRT Monitors: 

LCD Displays CRT Monitors 

Thin,  compact, lightweight. 

Takes up less space. 

Bulky, heavier and takes 

upmore space. 

Lack in brightness than CRT. Appreciable amount of 

brightness. 

Consumes less electricity and 

produce less heat. 

Consumes more power and 

produce more heat. 

Much expensive. Less expensive. 

Portable. Not portable. 

Restricted viewing angles. It 

needs to be viewed from front 

to have better view.  

Viewable from almost every 

angle. 

  



 

 32 

Introduction To Computer 

Graphics 

 

 

1.3.9   Raster Scan Systems: 

• Hardware architecture of the raster scan system is shown in the Fig 

1.35 

• In addition to CPU, a special-purpose processor, called video 

controller or display controller, is used to control the operation of the 

display device. 

• In this architecture, frame buffer is allocated a dedicated area in 

system memory. 

• Frame buffer can be anywhere in the system memory. 

 

Fig. 1.35: Architecture of a Raster Scan System 

• Video controller reads the command from frame buffer and draw 

pixel accordingly. 

1.3.9.1 Video Controller: 

• Another variant of a raster scan system is shown in Fig 1.36. 

• A dedicated memory area is allocated to the frame buffer. 

• Video controller is given direct access to frame buffer. 

• The organization can render scene quickly because video controller 

do not have to put a request on system bus to read intensity value 

from frame buffer. 

• In some system, origin is set at the bottom left location of the screen. 

• X coordinate increases from left to right and Y coordinate increases 

from bottom to top. 
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Fig.1.36. Architecture of a Raster Scan System 

• In some systems, origin is set at the top left corner. In such case, Y 

coordinate increases from top to bottom. 

• Two register are maintained to store the coordinates of pixel on 

screen. 

• Intensity value from frame buffer is retrieved from current (x, y) 

location. 

• After painting each pixel, x register is incremented by 1 and process is 

repeated until x value hit to xmax. 

• After processing all the pixels on current scan line, content of x 

register is set to 0, and y is incremented by 1, and video controller 

processes the same way. 

• Refresh rate is 60 frames/second. 

• This is shown in Fig: 1.37. 

• In high quality systems, use two frame buffers, so that one buffer can 

be used for refreshing while other is being filled with intensity values. 

• Then both buffer switch the role. 

• This mechanism is used in real time animation because it does not 

waste time in reloading the buffer. 
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Fig. 1.37: Refresh operation on video controller 

1.3.9.2 Display Processor: 

• Display processor is also known as graphics controller or a display 

coprocessor. 

• Its purpose is to free the CPU from graphics operations. 

• For this, a separate display processor memory area is provided as 

shown in Fig 1.38. 

 

Fig. 1.38: Raster Scan System with a display processor 

• The major task of a display processor is to digitize a picture definition 

given in an application program into a set of pixel intensity values for 

storage in frame buffer. 

• This digitize process is called scan-conversion. Graphics commands 

specify straight lines and other geometric objects are scan converted 

into a set of discrete intensity points. 
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positions closest to the line path and store the intensity for each 

position in the frame buffer. 

• This method can also be used to scan convert curved lines or polygon 

outlines. 

• Display processor can also be used to generate various line styles, 

displaying color areas, performing transformations and manipulating 

objects. 

1.3.10 Random Scan Systems: 

● Hardware architecture of random scan system is shown in Fig 1.39. 

 

Fig:  1.39 Random Scan System 

• Application program resides in system memory. 

• Graphics packages translate the graphics commands in the application 

program into a display file. 

• Display file is also stored in system memory. 

• Display processor accesses the content of display file and display on 

monitor screen. 

• Display processor retrieves one by one command from display file 

and draw it on the screen. 

• Display processor in random scan system is also called a graphics 

controller or display processing unit. 

• Random scan devices renders the scene using short line. 

• Electron beam track the line position directly, rather than going 

through each and every pixel on screen. 

• Entire scene is defined using segment of line in in application 

program. 
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• Line segments are defined by pair of end points. 

• A scene is then drawn one line at a time by positioning the beam to 

fill the line between specified points. 

1.4 SUMMARY 

• Computer graphics is a way in which pictures or object can be created 

and manipulated. 

• It can be used in creation of 2D images, 3D images or animations. 

• The applications of computer graphics can be in the field of 

education, training, CAD systems, entertainment, presentations, 

computer art, image processing and many more. 

• The use of various graphics functions with graphics standard make up 

a graphics software. 

• Various devices like keyboard, mouse, data glove, joysticks, etc. can 

be used to provide input to any graphics system. 

• The display device are the means of output devices. 

• The Seven Basic Elements of Graphic Design are line, color, shape, 

texture, type, image, and space impact graphic design. 

• Random scan displays stores picture definition as a set of line 

commands. 

• Raster scan displays plots image pixel by pixel on the screen. 

• The main components of CRT are electron gun, control grid, focusing 

system, horizontal and vertical deflection plates. 

• Color CRT uses two techniques: beam penetration and shadow mask. 

• In beam penetration technique, two colors red and green are used 

which generates orange and yellow. So only four colors are produced. 

• In shadow mask technique, the three-phosphor dots produced are red, 

green and blue, which produces more number of colors. 

• LCD are portable that consumes less electricity. 

1.5 UNIT END EXERCISE 

 1. Define computer graphics. List and explain any five applications of 

computer graphics. 

2. Write a short note on computer graphics software. 

3. Explain various graphics software standards. 

4. Explain various graphics functions. 
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6. Explain different types of elements that impact the design of computer 

graphics.  

7. Differentiate between raster scan and random scan displays. 

8. Differentiate between Active and Passive graphics display devices. 

9. Explain the working of CRT. 

10. Explain the shadow mask technique. 

11. Explain the raster scan system. 

12. Explain random scan systems. 

13. Differentiate between LCD and CRT. 

14. Write a note on Flat panel display devices. 

15. Explain the working of LCD. 
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MODULE II 

2 
SCAN CONVERSION (PART-I) 

Unit Structure 

2.0  Introduction 

2.1  Points and Lines 

2.2  Line Drawing algorithms :DDA line drawing algorithm 

2.3  Bradenham‟s Line drawing algorithm 

2.4  Circle generating algorithm -Mid-point Circle algorithm 

2.5  Ellipse generating algorithms -Mid-point Ellipse algorithm 

2.0 INTRODUCTION  

A line connects two points. It is a basic element in graphics. To draw a 

line, you need two points between which you can draw a line. 

Graphics is what brings to life, a programmers‟ vision. Graphics is what 

makes the real difference. Consider drawing the outline of a triangle (see 

fig.2.2.1). In real life this would begin with a decision in our mind 

regarding such geometric characteristics as the type and size of the 

triangle, followed by our action to move a pen across a piece of paper. In 

computer graphics terminology, what we have envisioned is a called 

Object definition, which defines the triangle in an abstract space of our 

choosing. This space is continuous and is called space. Our action to draw 

maps the imaginary object into a triangle on paper, which constitutes a 

continuous displays surface in another space known as Image Space. 

2.1 POINTS AND LINES 

The area of computer graphics that deals with the placement the triangle is 

called transformation. Here we use matrices to realize the mapping of 

triangle to its final destination in the image space, We can set up the 

transformation matrix to control the location and orientation of the 

displayed triangle. We can even enlarge or reduce its size. Furthermore, by 

using multiple settings for the transformation matrix, we can instruct the 

computer to display several triangles of varying size and orientation at 

different locations, all from the same model in the object space. The area 

of computer graphics that is responsible for converting a continuous 

figure, such as a line segment, into its discrete approximation is called 

Scan Conversion. 
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Fig. 2.2.1: Drawing a Triangle (Object & Image Space) 

What is Scan Conversion: 

Scan conversion is a process of converting the line or circle ultimately into 

Pixels. That is identifying each pixel positions which comes in the true 

path of line or circle. 

Scan Converting Lines: 

Definition: Set of pixels, which lie between two end points (Extreme 

points of line). 

Following points must be noted while scanning line points. 

● Only straight-line segments will be considered. 

● Lines of any slope should be drawn. 

● Lines should have constant density and brightness. 

● Lines should terminate properly. It should have end points (x1, y1) 

and (x2, y2). 

● Lines must be drawn very rapidly (Algorithm must be efficient). 

● Line Attributes. (Such as Style, Color, Thickness must be supplied). 

2.2: LINE DRAWING ALGORITHMS: DDA LINE 

DRAWING ALGORITHM 

Line drawing algorithm: 

● Cartesian slope-intercept equation for straight line y = mx + c  

● Slope m = (y2 - y1)/(x2 - x1) 

● For any given x interval ∆x along a line, y interval ∆y 

● ∆y = m ∆x ,  ∆x= ∆y/m 

● Lines are plotted with pixels  
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● Sample a line at discrete position and determine nearest pixel to the 

line at each sample position. 

 

Fig. 2.2.2 Line drawing demonstration 

Digital Differential Analyzer (DDA) algorithm: 

● Digital Differential Analyzer is a scan conversion line algorithm 

based on calculating either ∆y & ∆x. 

● Sample the line at unit intervals in one coordinate and determine 

corresponding integer values nearest the line path for the other co-

ordinate. 

● Lines are to be processed from the left end point to the right end 

point. 

● For the line with positive slope, less than or equal to 1, sample at unit 

x intervals (∆x = 1) and compute each successive y value as yk+1 = 

yk + m, k takes integer values. 

● For the line with positive slope, greater than 1, sample at unit y 

intervals (∆y = 1) and compute each successive x value as xk+1 = xk 

+ 1/m, k takes integer values. 

If the lines are to be processed from right end point to left end point,  

Then 

                                             ∆x  = –1   

Slope is less than or equal to 1, and 

     yk+1 = yk – m  

Line with positive slope, greater than 1, then  

      ∆y = –1 with xk+1 =  xk- 1/m 

For the line with negative slope, absolute value of the slope is less than or 

equal to 1 & the start end point at the left & then we set ∆x=1   

Compute each successive y value as yk+1 = yk + m  
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Slope is greater than 1 & the start end point at the left & then we set ∆y =1 

compute each successive x value as xk+1 = xk+ 1/m 

 

Fig. 2.2.3 Simple demonstration for line drawing alogrithm 

DDA Line drawing algorithm in C++ program: 

#include<stdio.h> 

#include<conio.h> 

#include<graphics.h> 

#include<stdlib.h> 

#define round(a) ((int)(a+0.5)) 

void linedda(int,int,int,int); 

void main() 

{ 

 int x1,x2,y1,y2; 

 int gdriver=DETECT,gmode; 

 initgraph(&gdriver,&gmode,“c:\\Turboc3\\bgi"); 

 cleardevice(); 

 cout<<”Enter x1 y1: "; 

 cin>>x1>>y1; 

 cout<<”Enter x2 y2: "; 

 cin>>x2>>y2; 

 linedda(x1,y1,x2,y2); 

 getch(); 

 closegraph(); 

} 

void linedda(int xa,int ya,int xb,int yb) 
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{ 

 int dx,dy,steps,k; 

 float xinc,yinc,x,y; 

 dx=xb-xa; 

 dy=yb-ya; 

 x=xa; 

 y=ya; 

 if(abs(dx)>abs(dy)) 

  steps=abs(dx); 

else 

  steps=abs(dy); 

 xinc=dx/(float)steps; 

 yinc=dy/(float)steps; 

 putpixel(round(x),round(y),7); 

 for(k=0;k<steps;k++) 

 { 

x=x+xinc; 

  y=y+yinc; 

  putpixel(round(x),round(y),3); 

 } 

} 

Method Explanation: 

● void putpixel (int x, int y, int color) plots a point in the color defined 

by „color‟ at (x, y) & it does not return any value. 

● int getpixel (int x, int y) gets the color of the pixel located at (x, y) and 

it returns the color of the given pixel. 

Color Value Color Value 

Black 0 Light blue 9 

Blue 1 Light green 10 

Green 2 Light cyan 11 

Cyan 3 Light red 12 

Red 4 Light magenta 13 

Magenta 5 Yellow 14 

Brown 6 White 15 

Light gray 7 Blink 128 

Dark gray 8   

Table: 2.2.1 Color List supported by TurboC Graphic Compiler 
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2.3 BRESENHAMS’ LINE DRAWING ALGORITHM 

1. Input the two line end points and store the left end point in (x0, y0) 

2. Load (x0, y0) into the frame buffer, that is plot the first point. 

3. Calculate constants ∆x, ∆y, 2∆y and 2(∆y – ∆x) and obtain the 

starting value for the decision parameters as p0 = 2∆y – ∆x (∆x=x2 – 

x1, ∆y = y2 – y1) 

4. At each xk along the line, starting at k = 0, perform the following test. 

5. if pk < 0, the next point to plot is (xk +1, yk) and pk+1 = pk + 2∆y 

6. otherwise, the next point to plot is (xk + 1,yk + 1) and pk+1 = pk + 

2(∆y – ∆x) 

7. Repeat step 4 ∆x times. 

Bresenham’s Line drawing algorithm in C++ program: 

#include<graphics.h> 

#include<stdlib.h> 

#include<stdio.h> 

#include<math.h> 

#include<conio.h> 

void linebres(int,int,int,int); 

void main() 

{ 

 int x1,y1,x2,y2; 

 int gdriver=DETECT,gmode; 

 initgraph(&gdriver, &gmode,“c:\\Turboc3\\bgi"); 

 cleardevice(); 

 cout<<"Enter x1 y1: "; 

cin>>x1>>y1; 

 cout<<"Enter x2 y2: "; 

cin>>x2>>y2; 

 linebres(x1,y1,x2,y2); 

 getch(); 

 closegraph(); 

} 

void linebres(int xa,int ya,int xb,int yb) 

{ 
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 long dx,dy,p,twoDy,twoDyDx; 

 long x,y,xend; 

 dx=abs(xa-xb); 

 dy=abs(ya-yb); 

 p=2*dy-dx; 

 twoDy=2*dy; 

 twoDyDx=2*(dy-dx); 

if(xa>xb) 

 { 

  x=xb; 

  y=yb; 

  xend=xa; 

 } 

 else 

 { 

  x=xa; 

  y=ya; 

  xend=xb; 

 } 

 putpixel(x,y,4); 

while(x<xend) 

 { 

  x++; 

  if(p<0) 

   p=p+twoDy; 

  else 

  { y++; 

   p=p+twoDyDx; 

  } 

  putpixel(x,y,4); 

 } 

} 
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Demonstration for above algorithm/program: 

● Consider a line with end points  (20, 10) and (30, 18) 

● Slope = 0.8, ∆x = 10, ∆y = 8 

● Initial decision parameter p0 = 2∆y – ∆x = 6 

● 2∆y = 16, 2(∆y – ∆x)= –4 

k Pk (xk+1, yk+1) 

0 6 (21, 11) 

1 2 (22, 12) 

2 -2 (23, 12) 

3 14 (24, 13) 

4 10 (25, 14) 

5 6 (26, 15) 

6 2 (27, 16) 

7 -2 (28, 16) 

8 14 (29, 17) 

9 10 (30, 18) 

 

Let us put above calculated x and y pixel in graph, we will get line as 

follows. 

 

Fig. 2.2.4 Bresenham’s line drawing algorithm 

2.4 CIRCLE GENERATING ALGORITHM                                            

To draw circle we first have to look at properties of circle. 

Properties of Circle: 

1. Circle function f(x, y) = x2 + y2 – r2. 
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2. Any point (x, y) on the boundary of the circle with radius „r‟ satisfies 

the equation fcircle (x, y) = 0. 

3. If the point is in the interior of the circle, the circle function is 

negative. 

4. If the point is outside of the circle, the circle function is positive. 

Value of fcircle(x, y) Position of pixel w.r.t. circle 

Less than 0 if (x, y) is inside the circle boundary 

Equal to 0 if (x, y) is on the circle boundary 

Greater than 0 if (x, y) is outside the circle boundary 

 

 Midpoint between candidate pixels at sampling position xk+1 along a 

circular path. (Ref. Fig. 2.4 below) 

 

Fig. 2.2.5 Sampling position of candidate point in circular path 

 Circle function evaluates the midpoint between two candidate pixels. 

 Pk = fcircle(xk +1,yk – 1/2) 

   = (xk + 1)2 + (yk –1/2)2 - r2 

 Pk+1 = fcircle(xk+1 +1, yk+1 – 1/2) 

      = Pk+ (xk + 1) +1  

 P0 = fcircle (1, r –1/2) = 1+(r –1/2)2 – r2 

     = 5/4 – r = 1 – r (r is an integer)  

 Pixels are plotted as shown in Fig. 2.5 below for circle having (x,y) as 

a center pixel 
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Fig. 2.2.6 For pixel (x,y) all possible pixels in 8 (eight) octants. 

Circle generating algorithm is based on The circle equation is given by,                                             

                        (x – xc)2 + (y – yc)2 = r2 

However, above equation is non linear, so that square-root evaluations 

would be required to compute pixel distances from circular path. While 

processing circle generating algorithm avoids this square-root calculations 

by comparing the squares of the pixel separation distances. 

A method for direct distance comparison is to test the halfway position 

between two pixels to determine if this midpoint is inside or outside the 

circle boundary. This method is more easily applied to other conics, and 

for an integer circle radius, the midpoint approach generates the same 

pixel positions as the Circle Algorithm. Also, the error involved in 

locating pixel positions along any conic section using the midpoint test is 

limited to one-half the pixel separation. 

Following operation are taken place in the Circle generating algorithm to 

draw a circle: 

1. Set initial values of (xc, yc) and (x, y) 

2. Set decision parameter d to d = 3 – (2 * r). 

3. Repeat steps 4 to 8 until x < = y 

4. call drawCircle(int xc, int yc, int x, int y) function. 

5. Increment value of x. 

6. If d < 0, set d = d + (4*x) + 6 

7. Else, set d = d + 4 * (x – y) + 10 and decrement y by 1. 

8. call drawCircle(int xc, int yc, int x, int y) function 

 

drawCircle() function: 
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//function to draw all other 7 pixels present at symmetric //position 

drawCircle(int xc, int yc, int x, int y) 

{ 

    putpixel(xc+x, yc+y, RED); 

    putpixel(xc-x, yc+y, RED); 

    putpixel(xc+x, yc-y, RED); 

    putpixel(xc-x, yc-y, RED); 

    putpixel(xc+y, yc+x, RED); 

    putpixel(xc-y, yc+x, RED); 

    putpixel(xc+y, yc-x, RED); 

    putpixel(xc-y, yc-x, RED); 

} 

//Implementationg of Circle generating algorithm in C++: 

#include<graphics.h> 

#include<stdlib.h> 

#include<stdio.h> 

#include<math.h> 

#include<conio.h> 

void main() 

{ 

    int xc = 50, yc = 50, r2 = 30; 

    int gd = DETECT, gm; 

    initgraph(&gd, &gm, "");  // initialize graph 

    circleBres(xc, yc, r);    // function call 

    return 0; 

} 

// Function for circle-generation 

// using Bresenham's algorithm 

void circleBres(int xc, int yc, int r) 

{ 

    int x = 0, y = r; 

    int d = 3 - 2 * r; 

    while (y >= x) 

    { 
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        // for each pixel we will 

        // draw all eight pixels 

        drawCircle(xc, yc, x, y); 

        x++; 

  

        // check for decision parameter 

        // and correspondingly  

        // update d, x, y 

        if (d > 0) 

        { 

            y--;  

            d = d + 4 * (x - y) + 10; 

        } 

        else 

            d = d + 4 * x + 6; 

        drawCircle(xc, yc, x, y); 

        delay(50); 

    } 

} 

Mid Point Circle Algorithm: 

(1) Input radius r and circle center (xc, yc) and obtain the first point on 

the circumference of a circle centered on the origin as (x0, y0) = (0,r) 

(2) Calculate the initial value of the decision parameter as p0  

= 5/4 – r 

(3) At each xk position, starting at k = 0, perform the following test: 

 If pk<0, the next point along the circle centered on (0, 0) is  

  (xk+1, yk) and pk+1 = pk +2xk+1 +1 

  Otherwise the next point along the circle is (xk+1, yk –1) and pk+1 = 

pk + 2xk+1 +1 – 2yk+1  

Where 2xk+1= 2xk +2, 2yk+1=2yk-2 

(4) Determine symmetry points in the other seven octants.  

(5) Move each calculated pixel position (x, y) onto the circular path 

centered on (xc, yc) and plot the coordinate values x = x + xc, y = y + 

yc  
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(6) Repeat steps 3 through 5 until x ≥ y.  

Example: Consider a circle is centered on origin and the radius is 10. 

First circle octant in the first quadrant from x = 0 to x = y  

Initial value of the decision parameter is p0 = 1 – r = –9 

(x0, y0) = (0, 10), 2x0 =0 and 2y0 = 20 

Let us do calculation as shown in table below: 

K pk (xk+1,yk+1) 2xk+1 2yk+1 

0 -9 (1,10) 2 20 

1 -6 (2,10) 4 20 

2 -1 (3,10) 6 20 

3 6 (4,9) 8 18 

4 -3 (5,9) 10 18 

5 8 (6,8) 12 16 

6 5 (7,7) 14 14 

 

By plotting graph from above calculated value, we get as shown below. 

Note: Fig. 2.2.7 below is showing only two symmetrical points  

(x, y) and (y, x). 

 

Fig. 2.2.7 Demonstration for Midpoint Circle Algorithm 

Midpoint Circle Algorithm in C++: 

#include<graphics.h> 
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#include<stdlib.h> 

#include<stdio.h> 

#include<math.h> 

#include<conio.h> 

void main() 

{ 

 int x,y,r; 

 int gd=DETECT,g; 

 initgraph(&gd,&gm,"c:\\tc\\bgi"); 

 cleardevice(); 

cout<<"Enter the centre co-ordinates:"; 

cin>>x>>y; 

 cout<<"Enter radius of circle:"; 

 cin>>r; 

 circlemidpoints (x,y,r); 

 getch(); 

 closegraph(); 

} 

 

void circlemidpoints (int xcenter, int ycenter, int radius) 

{ int x=0; 

 int y=radius; 

 int p=1-radius; 

 void circleplotpoints (int ,int ,int ,int ); 

 circleplotpoints (xcenter,ycenter,x,y); 

 while(x<y) 

 { x++; 

  if(p<0) 

   p=p+2*x+1; 

  else 

  { y--; 

   p=p+2*(x-y)+1; 

  } 

  circleplotpoints (xcenter,ycenter,x,y); 

 } return(0); 
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} 

 

void circleplotpoints (int xcenter,int ycenter,int x,int y) 

{ 

 putpixel(xcenter+x,ycenter+y,5); 

 putpixel(xcenter-x,ycenter+y,5); 

 putpixel(xcenter+x,ycenter-y,5); 

 putpixel(xcenter-x,ycenter-y,5); 

 putpixel(xcenter+y,ycenter+x,5); 

 putpixel(xcenter-y,ycenter+x,5); 

 putpixel(xcenter+y,ycenter-x,5);  

 putpixel(xcenter-y,ycenter-x,5); 

} 

2.5 ELLIPSE GENERATING ALGORITHM 

In MidPoint Ellipse Algorithm following operation is carried out: 

1. The ellipse centre is assumed to be at the origin.  

2. The pixel coordinates in other quarters can be simply obtained by use 

of the symmetric characteristics of an ellipse. 

3. For a pixel (x, y) in the first quarter, the corresponding pixels in other 

three quarters are (x, –y), (–x, y) and (–x, –y) respectively. 

4. If the centre is at (xC , yC ), all calculated coordinate (x, y) should be 

adjusted by adding the offset (xC , yC ). 

5. For easy implementation, a function PlotEllipse() is defined as 

follows:  

6. PlotEllipse (xC, yC, x, y) 

a. putpixel (xC+x, yC+y) 

b. putpixel (xC+x, yC–y) 

c. putpixel (xC–x, yC+y) 

d. putpixel(xC–x, yC–y)  

7. End PlotEllipse 

8. The function to draw an ellipse is described in the following pseudo-

codes: 

DrawEllipse (xC, yC, a, b) 
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Declare integers x, y, P, ∆P E , ∆P S , ∆P SE , ∆ 2P E , ∆ 2P S and ∆ 

2P SE  

// Set initial values in region I 

    Set x = 0 and y = b,  

    P = b2 + (a 2 (1 – 4b) – 2)/4  // Intentionally –2 to round off the 

value  

   ∆P E = 3b2  

   ∆ 2P E = 2b2  

  ∆P SE = ∆P E – 2a 2 (b – 1) 

  ∆ 2P SE = ∆ 2P E + 2a 2 // Plot the pixels in region I 

PlotEllipse(xC, yC, x, y) 

while ∆P SE < 2a 2 + 3b2 

 if P < 0 then // Select E  

P = P + ∆P E  

∆P E = ∆P E + ∆ 2P E  

              ∆P SE = ∆P SE + ∆ 2P E  

else // Select SE  

P = P + ∆P SE  

∆P E = ∆P E + ∆ 2P E  

∆P SE = ∆P SE + ∆ 2P SE  

decrement y  

end if  

increment x  

PlotEllipse(xC, yC, x, y)  

                   end while  

 

// Set initial values in region II  

 

P = P – (a 2 (4y – 3) + b 2 (4x + 3) + 2) / 4   

                         // Intentionally +2 to round off the value  
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∆P S = a 2 (3 – 2y)  

∆P SE = 2b 2 + 3a 2  

∆ 2P S = 2a 2  

 

// Plot the pixels in region II  

 

                        while y > 0  

if P > 0 then    // Select S  

P = P + ∆P E  

∆P E = ∆P E + ∆ 2P S 

∆P SE = ∆P SE + ∆ 2P S  

else     // Select SE  

P = P + ∆P SE  

∆P E = ∆P E + ∆ 2P S  

∆P SE = ∆P SE + ∆ 2P SE  

increment x  

end if  

decrement y  

                            

                                  PlotEllipse(xC, yC, x, y)  

           end while  

     end  

call DrawEllipse() 

Ellipse using Built in function of graphics.h: 

C++ provides built in function to draw an ellipse as follows, 

void ellipse(int x, int y, int stangle, int endangle,int xradius, int yradius); 

where x, y represents center co-ordinates of Ellipse, stangle, endangle 

represents starting and end angle in degrees and xradius, yradius 

represents horizontal (along x axis) and vertical radius (along y axis). 

The ellipse or sector travels from stangle to endangle. 
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If stangle = 0 and endangle = 360, the call to ellipse draws a complete   

ellipse. (Fig. 2.2.8) 

Angle for ellipse, fillellipse, and sector (counter-clockwise) 

 90 degrees  

    

180 degrees 
  

0 degrees, 360 degrees 
  

    

 270 degrees  

Fig. 2.2.8 Ellipse or sector travels from start angle to end angle 

Following C++ program demonstrate the use of ellipse function to draw an 

ellipse. 

#include<graphics.h> 

#include<stdlib.h> 

#include<iostream.h> 

#include<conio.h> 

void main() 

{ 

   clrscr(); 

   int gd = DETECT, gm; 

   int xc,yc,x,y;float p; 

   long rx,ry; 

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

   cout<<"Enter coordinates of centre : "; 

   cin>>xc>>yc; 

   cout<<"Enter x,y radius of ellipse: "; 

   cin>>rx>>ry; 

 

   //Region 1 

   p=ry*ry-rx*rx*ry+rx*rx/4; 

   x=0;y=ry; 

   while(2.0*ry*ry*x <= 2.0*rx*rx*y) 

   { 

 if(p < 0) 
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 { 

  x++; 

  p = p+2*ry*ry*x+ry*ry; 

 } 

 else 

 { 

  x++;y--; 

  p = p+2*ry*ry*x-2*rx*rx*y-ry*ry; 

 } 

 putpixel(xc+x,yc+y,RED); 

 putpixel(xc+x,yc-y,RED); 

 putpixel(xc-x,yc+y,RED); 

 putpixel(xc-x,yc-y,RED); 

   } 

 

   //Region 2 

   p=ry*ry*(x+0.5)*(x+0.5)+rx*rx*(y-1)*(y-1)-rx*rx*ry*ry; 

   while(y > 0) 

   { 

 if(p <= 0) 

 { 

  x++;y--; 

  p = p+2*ry*ry*x-2*rx*rx*y+rx*rx; 

 } 

 else 

 { 

  y--; 

  p = p-2*rx*rx*y+rx*rx; 

 } 

 putpixel(xc+x,yc+y,RED); 

 putpixel(xc+x,yc-y,RED); 

 putpixel(xc-x,yc+y,RED); 

 putpixel(xc-x,yc-y,RED); 

   } 

   getch(); 
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   closegraph(); 

} 

Exercise: 

Answer the following in brief: 

Q-1.  With reference to Computer Graphics explain the following terms: 

a. Space 

b. Object Space 

c. Image Space 

Q-2.  Explain what is meant by Scan Conversion with demonstration. 

Q-3.  Explain DDA line drawing algorithm by demonstrating the scanning 

table and plot a graph-on-graph paper. 

Q-4.  Explain Bresenham‟s line drawing algorithm by demonstrating the 

scanning table and plot a graph-on-graph paper. 

Q-5.  Explain the concept of  eight octants of circle which is to be used 

during Mid Point Circle drawing algorithm. 

Q-6.  Explain Mid Point Circle algorithm by demonstrating the scanning 

table and plot a graph-on-graph paper. 

Q-7.  Explain Mid Point Ellipse algorithm by demonstrating the scanning 

table and plot a graph-on-graph paper. 
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3 
SCAN CONVERSION (PART-II) 

Unit Structure 

3.0 Introduction 

3.1 Parametric Cubic Curves: Bezier curves 

3.2 Fill area algorithms: Scan line polygon fill algorithm 

3.3 Inside-Outside Test 

3.4 Boundary fill algorithms 

3.5 Flood fill algorithms 

3.6 Exercise 

3.0 INTRODUCTION  

Generally, lines, curves and surfaces are involved while designing any 

types of geometric shapes. 

A curve may be represented as a collection of points, provided the points 

are properly spaced, connection of the points by short straight-line 

segments yields an adequate visual representation of the curve. The basic 

object of the design process is to produce an object of interest 

geometrically bounded by surfaces that may be flat or curved.  

Geometrically curved are classified into two broad classes, viz. 

1.  Nameable: This are known as true curve generation approach that can 

be analysed mathematically by equations. These curves include 

planes, spheres, parabolas, circles, straight lines. 

2.  Unnameable: This are used to design complex curves such as 

industrial shapes demanding aesthetic looks and variety of properties 

conventionally not described by nameable curves. 

In a general sense, continuity describes how two items come together. 

These items may be two curves that meet in some way, two portions of the 

same curve, etc. (In the latter case, one is usually describing the 

smoothness of a curve, which is a global property, in terms of a local 

property.) 

The following list describes what is meant if two items (e.g., curves) meet 

with the 

3.1 PARAMETRIC CUBIC CURVES: BEZIER CURVES 

Parametric curve descriptions provide a mapping from a free parameter to 

the set of points on the curve. That is, this free parameter (a single 

number) provides an index to the points on the curve. The parametric form 
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of a curve defines a function that assigns positions to values of the free 

parameter. 

Curves and surfaces can have explicit, implicit, and parametric 

representations. Parametric representations are the most common in 

computer graphics. (Refer Fig.10.1) Parameterizations are in general not 

unique. Consider the following parameterizations for a line: 

  L(P0, P1)  = P0 + u(P1 – P0), u = [0...1] 

  L(P0, P1)  = v(P1 – P0)/2 + (P1+P0)/2, v = [-1...1] 

Parameterizations can be changed to lie between desired bounds.  

To re parameterize from u = [a...b] to w = [0...1], we can use w = (u-a)/(b-

a),  

which gives u = w(b-a) + a.  

Thus, we have: 

 P(u), u = [a...b] = P(w(b-a)+a), w = [0...1] 

 

Fig. 2.3.1 Typical Parametric Curve 

Parametric Representation of a Circle, Ellipse, Parabola, Hyperbola: 

The conic sections, the circle, the ellipse, the parabola and the hyperbola 

are not functions. The equations of the conic sections are often written as 

implicit relations, where y is not the subject, and this makes them difficult 

to deal with, especially when it comes to calculus and differentiation. 

To get around this difficulty, a method called parametric equations are 

used. The x and y variables are each expressed in a much simpler way in 

terms of a third variable. t or θ are often used. These two equations are 

functions. 

Circles in Parametric Form: 

The parametric equations for the circle x
2
 + y

2 
= r

2
 are: 
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                       y = r sin t 

The circle x
2
 + y

2
 = 9 has parametric equations x = 3cos t and y = 3sin t. 

This can be checked by squaring and adding each equation. 

x
2
 = 9cos

2
 t 

y
2
 = 9sin

2
 t 

x
2
 + y

2
 = 9cos

2
 t + 9sin

2
 t = 9(cos

2
 t + sin

2
 t) 

x
2
 + y

2
 = 9 

Ellipse in Parametric Form: 

The parametric equations for the ellipse 
2 2

2 2
1

x y

a b
   are: 

x = a cos t 

y = b sin t 

The ellipse 
2 2

1
36 25

x y
   has parametric equations x = 6cos t and y = 5sin t. 

Parabola in Parametric Form: 

The parametric equations for the parabola y
2
 = 4ax are: 

x = at
2
 

y = 2at 

The parabola y
2
 = 8x has parametric equations x = 2t

2
 and y = 4t. 

This can be checked by re-arranging the equations: 

 

and:     therefore:     

Hyperbolas in Parametric Form: 

There are two forms of the standard equation for a hyperbola – the 

horizontal form, and the vertical form.  In the horizontal form of a 

hyperbola with a center at (0, 0), the hyperbola is symmetrical across the 

y-axis.  Both types of hyperbolas are shown below: 
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Fig. 2.3.2 Types of Hyperbola 

There are two ways to write the parametric form for a hyperbola.  

The parametric equations for the hyperbola
2 2

2 2
1

x y

a b
     

x = a sec t 

y = b tan t 

These can be checked by squaring and adding: 

 

The hyperbola 
2 2

1
9 4

x y
   has parametric equations x = 3sec t and           

y = 2tan t. 

Bezier Curves: 

In general, Bezier curve can be fitted to any number of control points. The 

number of control points to be approximated and their relative position 

determine the degree of the Bezier polynomial.  

For any set of control points, approximate curve is formed by adding a 

sequence of polynomial functions formed from the co-ordinates of control 

points. 
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Fig. 2.3.3 Bezier curve (four points generated cubic curve) 

Bezier curve is a curve degree one less than the number of control points 

used. For eg. see fig: 10.5 

A parametric Bezier Curve is defined as  

 c(u) =   

Where Pi is the set of control points, 0<= u <=1, Bi is a Bezier blending 

function and it is given by. 

= (1 – u)
3
 

= 3u (1 – u)
2
 

= 3u
2
 (1 – u) 

= u
3
 

Properties of Bezier Curve: 

 End point interpolation. 

  Basis functions are non-negative. 

 The summation of basis functions are unity Binomial Expansion 

Theorem:                      

0

1 [ (1 )] (1 )
n

n i n i

i

n
u u u u

i





 
     

 
  

Application: 

(1) Bezier curves are used in painting and draw packages, CAD systems. 

(2) They are easy to implement and reasonably powerful in curve design. 

Drawbacks: 

(1) Bezier curve do not provide localised control, ie. Moving any control 

point changes the shape of whole curve. 

(2) At joints, complex geometric constructions are required to guarantee 

continuity. These drawbacks can overcomes by B-spline curve. 
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Piecewise Bezier Curve:  

● Fig. 2.3.4 shows how various simple pieces can be obtained from 

complex Bezier curve. 

 

Fig. 2.3.4: Piecewise Bezier Curve 

Piecewise Polynomials: 

 Different polynomials for different parts of the curve. 

 Advantages: flexible, lower degree. 

Disadvantages:  

 How to ensure smoothness at the joints (continuity). 

3.2 FILL AREA ALGORITHMS: SCAN LINE POLYGON 

FILL ALGORITHM 

Scan-line method: 

There are two basic approaches to area filling on raster systems: 

(1) Filling approaches: Start from a given interior position and paint 

outward from this point until we encounter the specified boundary 

conditions. useful with more complex boundaries and in interactive 

painting systems. Various algorithm used for filling approaches are 

Flood (Seed) – Fill algorithm and Boundary fill algorithm, which is 

already described in Polygon filling. 

(2) The scan-line approach: Determine the overlap intervals for scan 

lines that cross the area. is typically used in general graphics packages 

to fill polygons, circles, ellipses. 

Scan-Line fill algorithm: 

For each scan line crossing a polygon, the area-fill algorithm locates the 

intersection points of the scan line with the polygon edges. (Refer Fig. 

2.3.5) 
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corresponding frame-buffer positions between each intersection pair are 

set to the specified fill color.  

 

Fig. 2.3.5: Scan line Algorithm. 

Calculations performed in scan-conversion and other graphics algorithms 

typically take advantage of various coherence properties of a scene that is 

to be displayed.  

Coherence is simply that the properties of one part of a scene are related in 

some way to other parts of the scene so that the relationship can be used to 

reduce processing.  

Coherence methods often involve incremental calculations applied along a 

single scan line or between successive scan lines.  

It is an image-space method to identify visible surface. This method has a 

depth information for only single scan-line. In order to require one scan-

line of depth values, we must group and process all polygons intersecting 

a given scan-line at the same time before processing the next scan-line. 

Two important tables, edge table and polygon table, are maintained for 

this. (Refer Fig. 2.3.6) 

The Edge Table: It contains coordinate endpoints of each line in the 

scene, the inverse slope of each line, and pointers into the polygon table to 

connect edges to surfaces. 

The Polygon Table: It contains the plane coefficients, surface material 

properties, other surface data, and may be pointers to the edge table. 

To facilitate the search for surfaces crossing a given scan-line, an active 

list of edges is formed. The active list stores only those edges that cross 

the scan-line in order of increasing x. Also a flag is set for each surface to 

indicate whether a position along a scan-line is either inside or outside the 

surface. 

Pixel positions across each scan-line are processed from left to right. At 

the left intersection with a surface, the surface flag is turned on and at the 
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right, the flag is turned off. You only need to perform depth calculations 

when multiple surfaces have their flags turned on at a certain scan-line 

position. 

 

Fig.2.3.6: Demonstration of Scan line Algorithm 

C++ Program to fill a Circle using Scan-Line Fill Algorithm in C++ 

Programming: 

# include <iostream.h> 

 # include <graphics.h> 

 # include    <conio.h> 

 # include     <math.h> 

 

 void show_screen( ); 

 void Fill_circle(const int,const int,const int); 

 void Circle(const int,const int,const int); 

 void Line(const int,const int,const int,const int); 

 

 int main( ) 

    { 

       int driver=VGA; 

       int mode=VGAHI; 

       int x=0; 

       int y=0; 

       int r=0; 

 

       do 

      { 

         show_screen( ); 

         gotoxy(8,10); 



 

 67 

Computer Graphics          cout<<"Coordinates of Center Point (x,y) :"; 

 

         gotoxy(8,11); 

  cout<<"-------------------------------------------"; 

         gotoxy(12,13); 

         cout<<"Enter the value of x = "; 

         cin>>x; 

         gotoxy(12,14); 

         cout<<"Enter the value of y = "; 

         cin>>y; 

 

         gotoxy(8,18); 

         cout<<"Radius of Circle : r :"; 

 

         gotoxy(8,19); 

  cout<<"---------------------------------------------"; 

 

  gotoxy(12,21); 

  cout<<"Enter the value of r = "; 

  cin>>r; 

 

  initgraph(&driver,&mode,"C:\\TurboC3\\Bgi"); 

 

  setcolor(15); 

    Circle(x,y,r); 

  setcolor(9); 

    Fill_circle(x,y,(r-1)); 

 

  setcolor(15); 

 outtextxy(110,460,"Press <Enter> to continue or any other key to 

exit."); 

 

  int key=int(getch( )); 

 

  if(key!=13) 



 

 68 

Scan Conversion (Part-II) 

 
 break; 

      } 

       while(1); 

 

       return 0; 

    } 

 

/***********************************************************

**************///---------------------------  Fill_circle( )  ---------------------

-----

///**********************************************************

***************/ 

 void Fill_circle(const int x,const int y,const int r) 

    { 

       int x1; 

       int x2; 

 

       int counter=(y+r); 

 

       setcolor(12); 

       for(int count=(y-r);count<=counter;count++) 

      { 

  x1=int(x+sqrt((r*r)-((count-y)*(count-y)))+0.5); 

  x2=int(x-sqrt((r*r)-((count-y)*(count-y)))+0.5); 

 

  Line(x1,count,x2,count); 

      } 

    } 

 

/***********************************************************

**************///----------------------------  Circle( )  -------------------------

-----

///**********************************************************

***************/\ 

 void Circle(const int h,const int k,const int r) 

    { 

       int color=getcolor( ); 
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       int y=r; 

       int p=(1-r); 

 

       do 

      { 

  putpixel((h+x),(k+y),color); 

  putpixel((h+y),(k+x),color); 

  putpixel((h+y),(k-x),color); 

  putpixel((h+x),(k-y),color); 

  putpixel((h-x),(k-y),color); 

  putpixel((h-y),(k-x),color); 

  putpixel((h-y),(k+x),color); 

  putpixel((h-x),(k+y),color); 

 

  x++; 

 

  if(p<0) 

 p+=((2*x)+1); 

 

  else 

 { 

    y--; 

    p+=((2*(x-y))+1); 

 } 

      } 

       while(x<=y); 

    } 

 

 

/***********************************************************

**************///------------------------------  Line( )  -------------------------

-----

///**********************************************************

***************/ 

 void Line(const int x_1,const int y_1,const int x_2,const int y_2) 

    { 
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       int color=getcolor( ); 

 

       int x1=x_1; 

       int y1=y_1; 

 

       int x2=x_2; 

       int y2=y_2; 

 

       if(x_1>x_2) 

      { 

  x1=x_2; 

  y1=y_2; 

 

  x2=x_1; 

  y2=y_1; 

      } 

 

       int dx=abs(x2-x1); 

       int dy=abs(y2-y1); 

       int inc_dec=((y2>=y1)?1:-1); 

 

       if(dx>dy) 

      { 

  int two_dy=(2*dy); 

  int two_dy_dx=(2*(dy-dx)); 

  int p=((2*dy)-dx); 

 

  int x=x1; 

  int y=y1; 

 

  putpixel(x,y,color); 

 

  while(x<x2) 

 { 

    x++; 
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       p+=two_dy; 

 

    else 

       { 

      y+=inc_dec; 

      p+=two_dy_dx; 

       } 

 

    putpixel(x,y,color); 

 } 

      } 

 

       else 

      { 

  int two_dx=(2*dx); 

  int two_dx_dy=(2*(dx-dy)); 

  int p=((2*dx)-dy); 

 

  int x=x1; 

  int y=y1; 

 

  putpixel(x,y,color); 

 

  while(y!=y2) 

 { 

    y+=inc_dec; 

 

    if(p<0) 

       p+=two_dx; 

 

    else 

       { 

      x++; 

      p+=two_dx_dy; 
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       } 

 

    putpixel(x,y,color); 

 } 

      } 

    } 

 

 

/***********************************************************

**************///--------------------------  show_screen( )  -------------------

--------

///**********************************************************

***************/ 

void show_screen( ) 

    { 

       restorecrtmode( ); 

       textmode(C4350); 

 

       

cprintf("\n***************************************************

******"); 

       cprintf("*---------------------*"); 

 

       textbackground(1); 

       cprintf(" Scan-Line Circle Fill Algorithm "); 

       textbackground(8); 

 

       cprintf(" ----------------------*"); 

       cprintf("***************************************"); 

 

       for(int count=0;count<42;count++) 

      cprintf("*-**-*"); 

 

       gotoxy(1,46); 

       

cprintf("*****************************************************

***"); 

 



 

 73 

Computer Graphics        

cprintf("*****************************************************

*****"); 

 

       gotoxy(1,2); 

    } 

3.3 INSIDE-OUTSIDE TESTS  

Inside-Outside Tests in reference of Computer Graphics, is done to test 

whether a given point lies inside of a closed polygon or not.  

 Area filling algorithms and other graphics processes often need to 

identify interior regions of objects. 

 In elementary geometry, a polygon is usually defined as having no 

self-intersections. 

 Identifying the interior regions of standard polygons (rectangle, 

octagons, triangles etc) is generally a straight forward process. 

 But in most graphics applications, we can specify any sequence for 

the vertices of a fill area, including the sequences that produce 

intersecting edges. 

 For such shapes, it is not clear which regions of xy plane we should 

call ‘interior’ and ‘exterior’ to the object. 

 To identify interior regions of an object graphics packages normally 

use either: 

o Odd-Even rule 

o Nonzero winding number rule  

Odd-Even Rule:  

 Graphics packages normally use either odd-even rule or non zero 

winding number rule to identify interior regions of an object. 

 The odd-even rule is also called the odd parity rule 

 Draw a line from any position ‘p’ to a distant point outside the 

coordinate extents of the object. 

 And count the number of edge crossing along the line. 

 If  the number of polygon edges crossed by this line is odd, then p is 

an interior point, otherwise p is an exterior point  

 To obtain an accurate edge count, we must be sure that the line path 

we choose does not intersect any polygon vertices. (refer : Fig. 2.3.7) 
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Fig: 2.3.7 Odd-even Rule 

Non zero winding number rule: 

 Non zero winding number rule counts the number of times the 

polygon edges wind around a particular point in the counter clock 

wise direction.  

 This count is called the winding number. 

 The interior points of a 2D object are defined to be those that have 

nonzero value for the winding number.  

 We apply the non zero winding number rule to polygons by 

initializing the winding number to zero. 

 And imagining a line drawn from any position ‘p’ to a distant point 

beyond the coordinate extents of the object. 

 The line we choose must not pass through any vertices. 

 Count the number of edges that cross the line in each direction. 

 We add 1 to the winding number every time we intersect a polygon 

edge that crosses the line from right to left. 

 We subtract 1 to the winding number every time we intersect a 

polygon edge that crosses from left to right. 

 The final value of the winding number have been counted determines 

the relative positions of ‘p’ 

 If the winding number is non zero, p is defined to be an interior point; 

otherwise p is taken to be an exterior point. (Refer Fig: 2.3.8) 
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Fig: 2.3.8 Nonzero Winding Rule 

3.4 BOUNDARY FILL ALGORITHMS 

Area filling is to start at a point inside a region and paint the interior, 

outward toward the boundary. 

If the boundary is specified in a single color, the fill algorithm proceeds 

outward pixel by pixel until the boundary color is encountered. 

This method is useful in interactive painting packages. 

1.  A boundary fill procedure accepts as inputs the coordinates of an 

interior point (x,y), a fill color and a boundary color. 

2.  Starting from (x,y), the procedure tests neighboring positions to 

determine whether they are of the boundary color. 

3.  If not they are painted with the fill color, and their neighbors are 

tested. 

4.  This process continues until all pixels up to the boundary color for the 

area have been tested. 

 

Fig: 2.3.9 4 connected vs. 8 connected 

 In Fig. 2.3.9 (1), 4 neighbouring points are tested. 

 These are the pixel positions that are right, left, above and below the 

current pixel. 

 Areas filled by this method are called 4-connected. 
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 In Fig. 2.3.9 (2), 8 neighbouring points are tested. 

 The set of neighbouring positions to be tested includes the 4 diagonal 

pixels.  

 Areas filled by this method are called 8-connected. 

 An 8-connected boundary fill algorithm would correctly fill the 

interior of the area defined, but a 4-connected boundary fill algorithm 

produces the partial fill. 

● The following procedure illustrates a recursive method for filling a 4-

connected area with an intensity specified in parameter ‘fill’ up to the 

boundary color specified with parameter ‘boundary’. 

Following C++ program shows how region (inner region of cirlce) is filled 

by color using 4-connected method using Boundary-Fill method. 

#include<iostream.h> 

#include<graphics.h> 

#include<conio,h> 

void boundaryfill (int x, int y, int fillcolor,      int 

boundarycolor) 

{  

int current; 

 current=getpixel(x,y); 

 if ((current !=boundarycolor) && (current!=fillcolor)) 

 {   

setcolor(fillcolor); 

  setpixel(x,y); 

  boundaryfill(x+1,y,fillcolor,boundarycolor); 

   boundaryfill(x-1,y,fillcolor,boundarycolor); 

  boundaryfill(x,y+1,fillcolor,boundarycolor); 

  boundaryfill(x,y-1,fillcolor,boundarycolor); 

 } 

} 

void main() 

{ 

int gd=DETECT,gm,xc,yc,r,boundary,fill; 

initgraph(&gd,&gm,"c:\\Turboc3\\bgi"); 

boundary=RED; 

fill=BLUE; 
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cout<<"Enter circle center and radius\n"; 

cin>>xc>yc>>r; 

circle(xc,yc,r); 

boundaryfill(xc,yc,fill,boundary); 

getch(); 

} 

3.5 FLOOD FILL ALGORITHMS 

 This algorithm is also known as Seed Fill Algorithm 

 This method is useful to fill in or recolor an area that is not defined 

within a single color boundary. 

 We can paint by replacing a specified interior color instead of 

searching for a boundary color value (Refer fig. 2.3.10) 

 A filling area is defined within multiple color boundaries. 

 Start from a specified interior point (x,y)  

 Reassign all pixel values that are currently set to a given interior color 

 
Fig. 2.3.10 polygon with different boundary color 

 If the area we want to paint has more than one interior color , we can 

first reassign pixel values so that all interior points have same color 

 Using either a 4-connected or 8-connected approach, we step through 

pixel positions until all interior points have been repainted 

 The procedure flood fills a 4-connected region recursively, starting 

from the input position. 

Following C++ program shows how region (inner region of cirlce) is filled 

by color using 4-connected method using flood-fill method. 

#include<iostream.h> 

#include<graphics.h> 

 

Blue Red 

Green 
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#include<conio.h> 

void ffill(int x,int y,int fillcolor,int oldcolor) 

{ 

 if((getpixel(x,y))==oldcolor) 

  { 

 setcolor(fillcolor); 

 putpixel(x,y,fillcolor); 

 ffill(x+1,y,fillcolor,oldcolor); 

 ffill(x-1,y,fillcolor,oldcolor); 

 ffill(x,y+1,fillcolor,oldcolor); 

 ffill(x,y-1,fillcolor,oldcolor); 

} 

void main( ) 

            { 

int gd=DETECT,gm,xc,yc,r,fillcolor,oldcolor; 

initgraph(&gd,&gm,"c:\\Turboc3\\bgi"); 

setcolor(RED); 

cout<<"Enter circle center and radius\n"; 

cin>>xc>>yc>>r; 

                        circle(xc,yc,r);  

                        fillcolor=BLUE; 

                        oldcolor=BLACK; 

                        ffill(xc,yc,fillcolor,oldcolor); 

                        getch(); 

                        closegraph(); 

} 

3.6 EXERCISE 

Answer the following in brief: 

Q-1.  With reference to computer graphics explain curve and difference 

between Nameable vs. Unnameable curve. 

Q-2.  Explain parametric curve in brief. Write an equation for following 

geometric shapes. 

a. Circle 

b. Ellipse 
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d. Hyperbola 

Q-3. Explain what is Bezeir curve, explain properties, application, 

drawbacks of curve. 

Q-4.  Explain Scan-Line Fill approach with diagram and demonstration. 

Q-5.  Write a C++ Program to fill a Circle using Scan-Line Fill Algorithm 

in C++ Programming. 

Q-6.  Write a short note on Inside-Outside test. 

Q-7.  Explain non-zero winding rule with diagram. 

Q-8.  Explain the difference between 4-connected vs. 8-connected filling 

methods. 

Q-9.  Explain Flood Fill algorithm with C++ program. 

Q-10. Explain Boundary Fill algorithm with C++ program. 
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 4.2.2 Matrices 
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 4.4.1 Translation 
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4.10  Summary 

4.11  Unit End Exercise  

4.12  References 

4.0 OBJECTIVE  

This chapter will able you to understand the following concept: 

● Transformations and Matrices with its representation 

● Types of transformation 2D and 3D 

● Methods of transformation 

● Ways of Transformation about an Arbitrary point 

● Transformation of homogeneous coordinates 

● Window-to-Viewport Transformations.  
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Alteration as per the user wants or the viewers point is the major assets of 

computer graphics. The manager can alter the scale of the graph in a 

report. The architect is able to see view of building from a different angle 

through this concept. Change in the size of a chart can be view by 

Cartographer. Changed position of a character can be view by Animator. 

These stored are easy to perform because the graphic image has been 

coded as numbers and stored within the compute.  The numbers may be 

modified by mathematical operations called transformation. 

Transformation allow us to uniformly alter the entire picture. It is in fact 

often easier to change the entire picture or it is to alter only a part of 

image. 

When we want to convert the real life object into computer we need to 

understand the coordinate system. The real life objects represent in 

computer with the different angles and different perspective with the help 

of different coordinate system and here the concept of transformation 

exist. Transformation takes place in 2 ways 2D transformation and 3D 

transformation. 

In this chapter we will see the2D coordinate system of converting real life 

object to computer.  In this chapter we shall consider the geometric 

transformations of scaling, rotation, reflection, shearing. We shall see how 

they can be simply expressed in terms of matrix multiplications. We shall 

introduce homogenous coordinate sin order to uniformly.  

4.2 TRANSFORMATIONS AND MATRICES 

4.2.1 Transformation:  

Creation of graphs and images in computer are not sufficient in computer 

graphics. In real world object are moved from one position to another or 

its changing its shape or orientation and it can be seen from different 

angles and different perspective. 

The process of changing size, shape, position and orientation of object is 

called transformation. 

This change can be done by                                                                      

1. Geometric transformation:  

In this type of transformation, the object change its appearance with the 

help Geometric properties of the specified in x and y axis. 
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Fig. Geometric transformation 

2. Coordinate transformation:                                                        

In this type of transformation, the object is y’ appeared with the modified 

points on the screen after performing some non-singular x’ operation like 

translation, rotation, scaling etc. 

 

Fig. Coordinate transformation 

4.2.2 Matrices: 

● In computer graphics object can be describe in various quantitative 

number also called as point to represent these quantity matrices are 

used. 

● It provides the technique to represent the real world object into 

computer system. 

● It also provides a way to calculate different type of geometric function 

on the real life object to show on the screen. 

● With help of matrices various operation like translation scaling etc. 

can be done on the object 

● Our computer graphics images are generated from a series of line 

segments which are represented by the coordinates of their endpoints. 

Certain changes in an image can be easily made by performing 

mathematical operations on these coordinates. 

● The matrix operation which concern us most is that of 

multiplication.it involves simple product and sum of the matrix 

elements.  
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to multiply together, it does not matter which we multiply first.  

● General Matrix representation of 3  

 

● Homogeneous Matrix representation of 3  

 

4.3 TRANSFORMATION CONVENTIONS  

To draw an object onto screen, computer need the system that is called as 

conventions of transformation. This can be done with 2 types 2D 

coordinate system and 3D coordinate system. 

For 2D image we use 2D coordinate system as convention for 

transformation whereas for 3D image we use 3D coordinate system as 

convention for transformation of image. 

4.3.1 2D COORDINATE SYSTEM: 

In this system it consists two coordinates x and y i.e. x plane and y plane. 

Its direction along with the x and y axis with reference to an origin. With 

the help of this system the real word object can be draw on screen with 

lines, circle, polygon etc. 

4.3.2  3D coordinate system:      

In this system it consists two coordinates x, yand z  z i.e. x plane, y plane 

and z plane. Its direction along with the x, y and z axis with reference to 

an origin. With the help of this system the real word object can be draw on 

screen with lines, circle, polygon etc. Rules applied for transformation y    

 

Fig 5.3.1      
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1. Right hand coordinate system:  

→ In this coordinate system right hand figures (X-Thumb, Y-index and 

X-middle) used as to represent the position of the transformed image. 

→ In Right hand coordinate system all coordinates are positive so the 

object will transform in positive direction only. 

origin (0, 0, 0)  

 

Fig 4.3.2 

Left hand coordinate system:                        

→ In this coordinate system right hand figures (X-Thumb, Y-index and 

Z-middle) used as axis to represent the position of the transformed image.                                  

→ In Right hand coordinate system x and y coordinates are positive and 

z coordinate is negative so the object will transform in both the direction.      

 
Fig 4.3.3 

4.4 2D TRANSFORMATIONS 

The transformation which is applied on 2 plane i.e. x and y plane to 

change the appearance of the object is called 2D transformation. 

 

 

Basic 2D 

transformation 

 

1. Translation Denoted by  T 

2. Rotation Denoted by  R 

3. Scaling Denoted by  S 

4. Shearing Denoted by  Sh 

5. Reflection Denoted by  RE 



 

 85 

Computer Graphics   4.4.1 Translation: 

● Changing the position of an object or shifting of an object is called 2D 

translation. 

● To achieve translation an object should shift in x and y direction. 

● We can translate a two dimensional figure by adding translation 

factor tx and ty to the original points x and y 

● The following matrix shows translation, P=P+T 

  

Example: Apply translation transformation on    ABC, with A=(2,5), 

B=(2,1), C=(5,1)  with translation factor x=2, y=2. 

Solution:            

               

   =  

 

                                            Fig 4.4.1 Translation                                               

4.4.2 Rotation: 

● Changing the position of an object with rotation angle along with xy 

plane is called 2D rotation. 

● To achieve rotation an object should move in x and y direction with 

the specified angle  . 

● We can rotate a two dimensional figure by multiplying rotation factor 

rx and ry to the original points x and y 

● The following matrix shows rotation, P=P+R 

● The following matrix shows rotation, P=P+R 

Clockwise rotation  
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Anti-Clockwise rotation  

 

Example: Apply rotation transformation on ABC, with A= (2,5), B= 

(2,1), C= (5,1) with the rotation angle  in clockwise direction. 

    `                  

 =    

by putting cos 90= 0 and sin 90=1 

A= (-5, 2)  B=(-1, 2)  C=(-1,5)  

 

                                      Fig 4.4.2 Rotation 

4.4.2.1 Rotation About an Arbitrary point: 

In translation and homogeneous coordinate system we have seen that the 

homogeneous coordinate system accomplishes the rotation about the 

points of an origin whereas, 2D transformation does not allow rotation of 

points at origin. 

General matrix of homogeneous matrix for translation  

When the translation is about origin then m will be changed as –m and n 

will be changed as –n 

Homogeneous matrix for translation about an origin  

Steps to achieve Rotation about arbitrary points: 

1. The points of translation about the origin m= -m and n= -n 

2. Perform specified rotation. 

3. Translate result back to original points (center of origin) 
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Example: Center of an object is at point (5,6) and the object is rotated 

about 90 counter clockwise about its origin using the matrix of rotation. 

 

 

Solution: translating the point to the origin i.e. m= -m and n= -n;  

origin (m, n)m=5 and n=6 

 

                                                     Origin matrix              rotation                

origin translation 

 

 

 

4.4.3 Scaling: 

● Changing the size of an object is called 2D scaling. 

● To achieve scaling an object should change the size of object in x and 

y direction. 

● We can scale a two dimensional figure by multiplying scaling factor 

sx and sy to the original points x and y 

● The following matrix shows scaling, P=P+S 

● Scaling in x and y direction   

 

● Scaling in x direction     
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● Scaling in y direction  

Example: Apply scaling transformation on     ABC, with A= (2,5), B= 

(2,1), C= (5,1) with the scaling factor x=2 and y=2 

Solution: Scaling in x and y direction   

 

 =  by substituting original  

value of point A, B, C and scaling factor x=2, y=2 

A= (4, 10) B= (-4, 12) C= (-10, 2)  

 
                                                       Fig 4.4.3 Scaling 

4.4.4 Shearing: 

● A shear is something that pushes the object sideway and make a thing 

little bit tilled. 

● To achieve shearing an object should have tilled(slant) with respect to 

x and y direction. 

● We can shear a two dimensional figure by multiplying shearing 

factor shx and shy to the original points x and y 

●  

● The following matrix shows shearing, P=P + Sh 

 

Shear  

 

Example: Apply shearing transformation on      ABC, with  

A= (2,5), B= (2,1), C= (5,1) with the shearing factor x= 2 and y= 

2 separately. 
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Solution: Shearing in x direction   

 =  by substituting 

original value of point A, B, C and shearing factor x=2 

 
Fig 4.4.4.1 Shearing with X axis 

Shearing in y direction   

 =  by substituting original 

value of point A, B, C and shearing factor y=2  

 
Fig 4.4.4.2 Shearing with Y axis 

4.4.5 Reflection: 

 Creating mirror image of an object is called 2D reflection. 

 To achieve reflection an object should appear in the form of mirror 

object in x and y direction. 

 We can reflect a two dimensional figure by multiplying reflection 

factor REx and REy to the original points x and y 

 The following matrix shows reflection, P=P+RExy 

 The following matrix shows reflection, P=P+RExy 

Reflection  

Reflection  
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Example: Apply reflection transformation on      ABC, with A= 

(2,5), B= (2,1), C= (5,1)   

Solution:  

Reflection  

 =  by 

substituting original value of point A, B, C and scaling matrix 

 
Fig 4.4.5 Reflection 

4.5 COMPOSITE TRANSFORMATION 

Sometime an object may require more than one transformation to get 

desired output, we need to transform an object at several times with 

different transformation like rotation, scaling, translation, shearing, 

reflection such a group of transformation is called combined 

transformation. 

The sequence of transformation is applied on an object to get the required 

shape of object. The transformation is applied on object with specified 

matrix multiplication on original points. 

Method: 

When we need to apply more than one transformation on an object first we 

need to do single transformation in matrix form the we need to apply 

second transformation on an object in matrix form then the final matrix 

multiplication is considered for the desired object transformation. 

Example: Apply combined transformation on   ABC, with A= (2,5), B= 

(2,1), C= (5,1) apply the following sequence of transformation on      

ABC  

a) Rotation by angle =90 

b) Reflection through x axis 

c) Solution: The rotation matrix =90  ref fig 5.4.4 

d) [R]= =  

e) The reflection through x axis matrix  
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f) [REx]=                                                                       

g) The combined transformation matrix is 

h)  

i) [R]. [REx]= . = .  

j)  

k) Apply combined transformation on original points 

l) [P]= = .  

m)  

n) [P]= =     

 

                                      Fig 4.5.1 Composite transformation 

4.6 HOMOGENEOUS COORDINATES AND MATRIX 

REPRESENTATION OF 2D TRANSFORMATIONS  

Translation: 

 

Translation:  

 

Rotation:  

 

Scaling:  
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Shearing in x direction:  

 

Shearing in y direction:  

 

Reflection in x direction:  

 

Reflection in y direction:  

4.7 TRANSFORMATION OF POINT 

All types of transformation such as translation, rotation, scaling, 

reflection, shearing is applied to get the transformation of point. All the 

transformation elements can be described through matrices to perform 

transformation on points.  

 
Fig 4.7.1 Transformation of point 
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SYSTEM 

To view the object on any screen one need to know about the study of 

transformation of coordinate system as it is very important to view any 

object as per the requirement.  

First any object model coordinates have to convert into world coordinate 

which is known as model transformation. In which the object model of 

real world having the coordinates are converging into world coordinate 

with its proper measurements. Then the object we should seen on the 

screen with the help viewing coordinates as these coordinates are screen 

coordinates such as x, y, z plane points. From world coordinate system to 

viewing coordinate system the conversion is taken place and this process 

is called as viewing transformation. After getting the viewing coordinates 

one need to convert that point to the virtual device coordinate which is 

buffer area of object shown. In this stage the appearance of the object is 

decided and shape of the object can be seen. The object will look like real 

object on the virtual device with the help of projection transformation. At 

last the device coordinates are responsible for viewing the image or object 

as much as real life object. 

 

Model Coordinate system: 

In this concept the actual coordinate of the object will consider as well as 

the original shape of the object is considered. Real life coordinate system 

of object can b describe with this concept. 

World Coordinate system: 

In the application the real life object can be detect with world coordinate 

system. The object can be defining in 2D or 3D with x, y, z plane in 

application. Applications can be 2D application or 3D application object 

view hence the object can show in application in both the ways i.e. 2D or 

3D 
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Viewing Coordinate system: 

To show the object on view plane the coordinates are needed that 

coordinates are called as viewing coordinate system. Through this 

coordinate the direction of the object on view plane can be clearly shown. 

The orientation and shape of the object are the main characteristics of the 

viewing coordinate system. 

Virtual Device coordinate system: 

To show the objet on screen whether it is raster or random screen the 

coordinates are required and these coordinates are virtual device 

coordinates. As per the screen raster or random the coordinates are 

decided. Virtual device can be 2D or 3D. 

Device coordinate system: 

Any device such as computer screen, portable laptop screen, mobile 

gadgets, plasma portable screen device are helpful for viewing the object. 

On each of the screen the object looks different as it is having its own 

coordinates, its own resolution to show the object as well as color 

appearance. These type of coordinates are known as device coordinate 

system. 

4.9 THE WINDOW – TO - VIEWPORT 

TRANSFORMATIONS  

A world coordinate area selected for display is called a window. An area 

on display device to which a window is mapped is called viewport. The 

window defines what to be display on screen whereas, the viewport 

defines where is to be displayed. The standard rectangle position is applied 

to see window and viewport. The part of real word image (world 

coordinate system) seen on device coordinate system (screen coordinate 

system) is called as viewing transformation. Sometimes two dimensional 

transformations are also called as window to viewport transformation. 

In computer graphics, the term window is referred to an area of image that 

is to be display on the screen (View plane). Whenever we want to display 

image on screen the viewing coordinate is rectangular window which 

shows the enlarge image in viewport. By changing the position of the 

viewport, we can view object at different position on the display area of 

output device. Also, by varying the size of viewports, we can change the 

size and proportions of displayed objects. When all coordinate 

transformations are completed, viewport clipping can be performed in 

normalized coordinates or in device coordinates. Viewport is typically 

defining in unit square. 

Process of window to viewport coordinate system: 

 

 

Fig 4.12.1 window to viewport system
 

Viewing 
coordinate 

Window to 
viewport 
coordinate 

World 
coordinate 
system 
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A point at position (xw, yw) in the window is mapped into new position 

(xv, yv) in associated view port.  

 
                        Fig Window to Viewport transformation 

4.10  SUMMARY  

The process of changing size, shape, position and orientation of object is 

called transformation. The basic transformation is translation, rotation, 

reflection, scaling, shearing. When the object is moved from one position 

to another position it is called as translation. Then we rotate an object in 

180 it is called as rotation whereas when we create mirror image of object 

it is called as reflection. When we change the shape of the object is called 

as scaling whereas when we create tiled shape of any object it is called as 

shearing. We can achieve transformation by using multiplication and 

addition function on points given. Through the transformation we can 

change the appearance of the object can use 3 X 3 matrixes for 2D 

transformation whereas 4 X 4 matrixes for 3D transformation. We can get 

transformation through x and y axis in 2D transformation. We can get 

transformation through x, y and z axis in 3D transformation. Using more 

than one transformation we can combined transformation to achieve 

multiple transformation. We can represent transformations in 

homogeneous coordinate system. A world coordinate area selected for 

display is called a window. An area on display device to which a window 

is mapped is called viewport. By changing the position of the viewport, 

we can view object at different position on the display area of output 

device. The sequence of transformation is applied on an object to get the 

required shape of object. The transformation is applied on object with 

specified matrix multiplication on original points. 

4.11 UNIT END EXERCISE  

1. What is transformation? Explain its types. 

2. Explain 2D transformation in detail. 

3. Explain homogeneous coordinate system in detail. 
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4. What is composite transformation? Explain in detail. 

5. How to convert an object from window to viewport?  

6. Write a short note on shear transformation. 

7. Explain transformation between coordinate system. 

8. Explain with example rotation of 2D transformation. 

9. Explain with example rotation about an arbitrary point. 

10. Explain 2D scaling in detail. 
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5.0 OBJECTIVE  

This chapter will able you to understand the following concept: 

 Transformations and Matrices with its representation. 

 Types of transformation 2D and 3D. 

 Methods of transformation. 

 Ways of Transformation about an Arbitrary point. 

 Transformation of homogeneous coordinates. 

 Window-to-Viewport Transformations.  

5.1 INTRODUCTION  

The clipping is the process of extracting a portion of a data base or 

identifying elements of a scene or picture inside or outside a specific 

region, called the clipping region. Clipping is a fundamental to several 

aspects of computer graphics. In addition to its more typical use in 

selecting only the specific information required to display a particular 

scene or view from a lager environment. Such algorithms are used to 

perform the Boolean operation required form simple solid modelers. 

Clipping is also used for copying, moving, or deleting apportion of scene 

or picture. Regular or irregular region of clipping window algorithms are 

two or three dimensional. Clipping algorithms are applied in on any 

platform of hardware or software. Two dimensional clipping window is 
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having Left, Right, Top, Bottom edges to clip the window. A rectangular 

window with its 4 edges like top, bottom, left an d right is considered as 

regular clipping window for displaying the specified object on device. The 

purpose of the clipping algorithm is to determine which points, lines or 

portions of line lie within the clipping window. Because of large number 

of points or lines must be clipped for a typical scene or picture, the 

efficiency of clipping algorithm is a particular interest. In many cases, the 

large majority of points or lines are either completely interior or 

completely exterior to clipping window. 

5.2 CLIPPING OPERATIONS 

The procedure that identifies which portion of picture is inside the 

specified region and which portion is outside the specified region is 

referred to as clipping algorithm. In simple word clipping is cutting the 

parts of image which is outside the specified region. 

Application of clipping excludes the outside parts of the image which is 

not inside the boundary region specified for the image viewing space. 

According to the application the clipping window is decided to show the 

image. It may be rectangular boundary or curved boundary’s. Selected 

parts of image which is visible to viewer and inside the boundaries can see 

in final representation of image. 

Clipping algorithm discards the part of image which is outside the 

boundary. It can be applied on text also hence it is called as text clipping 

algorithm. The letters which are inside in the boundaries that only visible 

in the view port all other letters which are outside the clipping window 

that will be discarded. 

Types of clipping available in computer graphics: 

 Point Clipping 

 Line Clipping 

 Text Clipping 

 Area Clipping 

5.2.1 Point Clipping: 

We will assume that the clipping window will be in rectangle form and 

stable in some position  

To save a point P=(x,y) and the window coordinates are (xwmin , xwmax   

ywmin  , ywmax) 

Where the edges of the clipping window can be either the world 

coordinates or the window boundaries 

Point clipping is not much used. Polygon and line clipping is always used 

to form a picture in specific region. 
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that are molded with particles. 

5.2.2 Line Clipping:                                            

Line clipping process involves several parts as first we can decide the 

boundaries of rectangle then we draw some lines.  Secondly we can check 

each and every line, if that line is totally inside the boundaries it will 

accepted, otherwise rejected that means if the line is totally outside the 

region it will directly rejected. If the line is partially inside and outside, 

then we have to perform inside outside test to check whether the line is 

accepted or rejected. In some cases, line is partially accepted or partially 

rejected. This can be done with the finding intersection boundaries of the 

rectangle. 

If lines both the ending points are inside the boundaries the line will be 

accepted. If lines both the points are outside the boundaries the line will be 

rejected. If the line's one point is inside the boundaries and one is outside 

the boundaries, then clipping is required and in the result the line is 

partially accepted or rejected. 

 
Figure 

5.2.2.1 Cohen Sutherland Line Clipping Algorithm:  

A clipping algorithm developed by Dan Cohen and Ivan Sutherland uses 

the end point codes to trivially accept or reject a line segment. If the line 

segment cannot be trivially accepted or rejected, then the Cohen 

Sutherland algorithm divides the line at a window edge. The algorithm 

dose not check to see if the intersection point is within the window, but 

rather attempts to accept or reject the two resulting segment using line end 

point codes for the segments.  

This is one of the oldest and popular technique of line clipping algorithm. 

In this method four-bit binary code is assigned to each region which is 

also called as region code. The lines pass through the region code and then 

this code will be evaluated by performing logical AND operation. On the 

basis of logical AND operation answer the line is accepted or rejected is 

decided.  
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in the diagram line P1 and P2 is clipped 

against the left edge of the window, the 

two new segments are p1 p1’and p1’p2. 

The end point        codes for both the 

window the two new segments indicate 

that they may be partially visible. Hence 

neither can be rejected as invisible or 

accepted as visible. The key oh Cohen 

Sutherland algorithm is always knowing 

that one of the end point is outside the 

window. Thus the segment from this end 

point to the intersection point can be 

always rejected as invisible. The 

algorithm then proceeds with the 

remainder of the line.                           

 

 

 

The technique uses a 4 but side to indicate which of nine regions contains 

the end point of a line. The 4 bit codes are in above figure. The right most 

bit is the first bit. The bits are set to 1, based on the following 

First bit set—if the end point is to the left of the window 

Second bit set—if the end point is to the right of the window 

Third bit set—if the end point is below of the window 

Fourth bit set—if the end point is above of the window 

Otherwise the bit is set to zero. 

Consider the truth table for logical and operation  

A B A AND B 

1 0 0 

0 1 0 

0 0 0 

1 1 1 

 

Steps for Cohen Sutherland Line Clipping Algorithm: 

Step 1: Assign a region code for each end points. 

Step 2: If both end point has region code 0000 then line is accepted 

Step 3: Else perform logical AND operation for the region code selected 
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Step 3.2: Else clipping is required 

Step 3.3: Choose an end point which is intersection point at the window 

boundaries. 

Step 3.4: Replace end point with the intersection point and update the 

region code. 

Step 3.5: Repeat step 2 until we find a clipped line. 

Step 4: Repeat step 1 for all lines. 

Step 5: Stop 

Check points of Cohen Sutherland Line Clipping Algorithm: 

● If both the end points of line have region code as zero and answer of 

the AND operation is also zero then the line is accepted. 

● If both the end points of line have region code as nonzero and answer 

of the AND operation is also nonzero then the line is rejected. 

● If both the end points of line have region code as nonzero and answer 

of the AND operation is also zero then the line is accepted and 

clipping is required. 

● If one end point of line have region code as zero and another end 

point of line have region code as non-zero but the answer of AND 

operation is zero then the clipping is required. 

● There is an exception that if line is completely outside the window                

then too sometimes both the end point have region code as non-zero 

and the answer of AND operation is zero 

Some special cases must be take into consideration, while developing the 

structure of an efficient clipping algorithm. Of the slope of the line is 

infinite, it is parallel to the left right edges; and only the top and bottom 

edges need to be checked for intersection. Similarly, if the slope is zero 

the line is parallel to the top and bottom edges, and only the left and right 

need to be checked for intersection. Finally if the either end point code is 

zero, one end point is interior to the window and only one intersection can 

be occur.  

Example: Cohen Sutherland Line Clipping algorithm 
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Line End point 

codes 

 Logical 

AND 

Comments 

AB 0000 0000 0000 Totally visible 

IJ 0010 0110 0010 Totally visible 

IJ 1001 1000 1000 Totally visible 

IJ 0101 0001 0001 Totally visible 

IJ 0100 0100 0100 Totally visible 

CD 0000 0010 0000 Partially visible 

EF 0001 0000 0000 Partially visible 

GH 0001 1000 0000 Partially visible 

KL 1000 0010 0000 Totally visible 

 

5.2.2.2 Midpoint Subdivision Line Clipping Algorithm: 
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The Cohen Sutherland algorithm requires the calculation of the 

intersection of the line with the window edge. This direct calculation is 

avoided by performing a binary search for the intersection by always 

dividing the line at its midpoint. The algorithm uses the line endpoint 

codes and associated tests to immediately identity totally visible lines. The 

lines which cannot be immediately identified using these tests. The lines 

are subdividing into equal parts. The test is then applied to each half until 

the intersection with the window edge is found or the length of each 

divided segments is infinitesimal. The visibility of point is then 

determined. The maximum number of subdivisions are equal to the 

precision of the representation of the end points of the line.  

This algorithm is an extension of the Cyrus Beck algorithm. It is mainly 

used to find out the line's which are visible in view port of the image. It 

follows the principle of bisection method or divide method. In this method 

the line is divided or bisect in two equal parts. The process goes like this 

for numerous time till the intersection points with boundaries are not 

found. When the intersection points are find the algorithm stops bisecting 

the line into two parts. Unlike in Cohen Sutherland line clipping algorithm 

the line is directly clipped with finding the intersection point directly. This 

is illustrated in below figure 
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As shown in figure the line p1, P2 is totally outside the window I.e. point 

p1 and p2 are outside the window. According to the subdivision algorithm 

the line is divided into two equal parts with the new point as p3 now the 

line p1, p2 have its two part as   p1, p3 and p2, p3. 

Both the lines are again partially visible. Both the line segments are again 

subdividing into two equal parts with midpoint. Midpoint of p2, p3 is p4 

and midpoint of p1, p3 is p4. 

Now the new line will be p4, p4 which is again partially visible. Again 

need to divide the p3, p4 line in two equal part hence the midpoint is p6. 

At this stage we got one intersection point as p5 now to find another 

intersection point again the line p6, p4 bisect and midpoint is p7. 

Now we got 2 intersection point as p7 and p5, and the line is completely 

inside the window hence the other part of the line is clipped. 

The midpoint subdivision algorithm performs two logarithmic search for 

two farthest visible points from the ends of the line. With the help of 

window edge the intersections of the window will be seen. Each midpoint 

subdivision is accrued guess at these points. For line which have one end 

point visible, one of these search is trivial. In software implementation the 

two searches are perform sequentially in hardware implementation they 

are performed in parallel. The algorithm is formalized into three steps. 

P1 

    Pm             

            P2 

For each end point 

If the end point is visible, then it is the farthest visible point. The process 

is complete. If not continue. 

If the line is totally outside the window invisible, the output will not 

generate. The process is complete. If not continue. 

Guess the farthest visible point by dividing the line P1P2 at its midpoint, 

Pm. Apply the previous test to the two segments P1Pm and PmP2. If 
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midpoint overestimation of the farthest visible point. Continue with P1Pm. 

For the farthest visible point, the midpoint is an underestimation. Further 

move to P2Pm.if the line is too short the midpoint corresponds to the 

accuracy of the machine or, as specified, to the end points. Evaluate the 

visibility of the point and the process is complete. 

 

5.3 POLYGON CLIPPING  

To clip the polygons, we need to modify the line clipping algorithm. For 

polygon clipping we required the function of line clipping as in line 

clipping we clipped line which intersect boundaries of polygon. All 

connected lines are clipped with respect of polygon boundaries.  

Polygon is nothing but the rectangle area where the object is either inside 

the rectangle or view port or it is outside the view port. The lines are 

clipped which are outside the window. 

There are two types of algorithms available for polygon clipping 

1. Sutherland-Hodgeman Polygon Clipping 

2. Weiler-Atherton Polygon Clipping 

5.3.1  Sutherland Hodgeman Polygon Clipping:  

We can easily clip a polygon by processing the polygon boundary as a 

whole against each window edges or lines. This could be done by 

accessing all polygon vertices against each clip rectangle boundary. 

Starting with the set of polygon vertices, that we could first clip the 

polygon left rectangle boundary and get new vertices. The new set of 

vertices could then be proceeded to a right boundary clipper, a bottom 

boundary clipper and a top boundary clipper. At every step, a new vertex 

as output vertices is generated and passed to the next window boundary 

clipper. 

There are four possible cases when recycling vertices in sequence around 

the border of a polygon. As each brace of is conterminous polygon 

vertices is passed to a window boundary clipper, we make following tests 

(1) If the first vertex is outside window boundary and the alternate vertex 

is outside, both the crossroad point of the polygon edge with the window 

boundary and the alternate vertex is added to the affair vertex list. (2) If 
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both input vertices are inside the window boundary, only the alternate 

vertex is added to the vertex list. (3) If the first vertex is inside the window 

boundary and the alternate vertex is outside only the edge crossroad with 

the window boundary is added to the affair vertex list. (4) If both the input 

vertices are outside the window boundary, nothing is added to the affair 

list. These four cases are illustrated for consecutive dyads of polygon 

vertices. Formerly all vertices have been reused for one cropped window 

boundary the affair list of vertices is cropped against the coming window 

boundary. 

Sutherland Hodgeman Polygon clipping Algorithm Steps:  

Step 1: Left Clip: Clip a line of polygon which lies outside the left part of 

the clipping window 

Step 2: Right Clip: Clip a line of polygon which lies outside the right part 

of the clipping window 

Step 3: Top Clip: Clip a line of polygon which lies outside the top part of 

the clipping window 

Step 4: Bottom Clip: Clip a line of polygon which lies outside the bottom 

part of the clipping window   
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5.3.2 Weiler-Atherton Polygon Clipping: 

The Weiler -Artherton algorithm is capable of clipping a concave polygon 

with interior holes to the boundaries of another concave polygon, also with 

interior holes. The subject polygon to be clipped according to the 

algorithm. The clipping region is the clip polygon. The new boundaries 

created by clipping the subject polygon against the clip polygon are 

identical to portions of the clip polygon. The polygon is reducing in size or 

minimize as there will be no new edges are created. 

The exterior boundaries of the polygon are described clockwise, and the 

interior boundaries or holes counterclockwise. When traversing the vertex 

list, this convention ensures that the inside of the polygon and the clip 

polygon may or may not intersect. Intersections occurs in pair when they 

intersect. One of the intersection occurs when a subject polygon edge 

enters the inside of the clip polygon and one when it leaves. 

Fundamentally, the algorithm starts at an entering intersection and follows 

the exterior boundaries of the subject polygon clockwise until an 

intersection with the clip polygon is found. At the intersection a right turn 

is made, and the exterior boundaries of the clip polygon is followed 

clockwise until an intersection with the subject polygon is found. Again at 

the intersection right turn is made, with the subject polygon now being 

followed. 

Here, the window boundaries of polygons processing the vertex 

boundaries are modified so that concave polygons are displayed correctly. 

This Clipping procedure was developed as a method for identifying visible 

surfaces, and so it can be applied with the arbitrary polygon clipping-

regions. 

The basic idea in this algorithm is that instead of always proceeding 

around the polygon edges as vertices are processed, we sometimes want to 

follow the window boundaries. Which path we follow depends on the 

polygon-processing direction and whether the pair of polygon vertices 

currently being processed represents an outside-to-inside pair or an inside-

to-outside pair. For clockwise processing of polygon vertices, we use the 

following rules: 

● For an outside-to-inside pair of vertices, follow the polygon boundary. 

● For an inside-to-outside pair of vertices, follow the window boundary 

in a clockwise direction. 

The processing direction in the Weiler-Atherton algorithm and the 

resulting polygon is shown for a rectangular clipping window. 

An improvement on the Weiler-Atherton algorithm is the Weiler 

algorithm, Which applies constructive solid geometry ideas to clip an 

arbitrary polygon against any polygon-clipping region. 
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Some special cases of Weiler-Atherton algorithm: 

In order for the Weiler-Atherton algorithm to work correctly, care must be 

taken with the identification and placement of intersections. For example, 

grazing conditions, i.e., when a subject polygon vertex or edge lies on or is 

coincident with a clip polygon edges are dashed and subject polygon 

edges solid. The arrows indicate the direction of the polygon edge. Arrow 

in both directions indicate that the edge can be either direction. Double 

vertex polygon edge intersections dashed line represents the clip polygon, 

solid line the subject polygon.  

The above figure represents true intersections which are added to the 

subject and clip polygon lists. And their reflections about the clip edge are 

grazing intersections, which are not added to the subject and clip polygon 

lists. 

 

 True intersection one                                Grazing intersection                    Grazing intersection- 

intersection Degeneration                               No intersection                      No intersection                              

Defining a degenerate polygon as one whose edges fold or touch back on 

themselves at one or more points, but not their reflections, possibly yield 

degenerate edge. The algorithm must identify and prevent the occurrence 

of these degenerate edges. 
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Original Polygon with                      De-gererate polygon                          Required non degenerate  

Grazing vertex polygons 

5.4 SUMMARY  

Line clipping algorithms include Cohen Sutherland line clipping and 

midpoint subdivision line clipping algorithm, are algorithms with we can 

clipped lines and accept those lines which are inside the window others are 

rejected as they are outside the window. A clipping algorithm developed 

by Dan Cohen and Ivan Sutherland uses the end point codes to trivially 

accept or reject a line segment. Cohen Sutherland is very popular 

algorithm use to clipped the lines. Move to polygon clipping algorithm it 

is extension of line clipping algorithm where lines are clipped with respect 

to window boundary. It can be done with 4sides i.e. left, right, top, bottom. 

The extended version of Cohen Sutherland polygon clipping algorithm is 

Weiler-Atherton polygon clipping algorithm in which we follow the 

boundaries to clipped the polygon clockwise or anticlockwise. The Weiler 

-Artherton algorithm is capable of clipping a concave polygon with 

interior holes to the boundaries of another concave polygon, also with 

interior holes. The subject polygon to be clipped according to the 

algorithm. 

5.5 UNIT AND EXERCISE  

1. What is Weiler-Artherton algorithm? explain in brief. 

2. What is clipping? Explain types of clipping. 

3. Explain Cohen Sutherland line clipping algorithm 

4. Explain the 4-bit code of Cohen Sutherland line clipping algorithm 

5. Discuss some special cases of Weiler-Artherton algorithm 

6. Explain the steps of Sutherland Hodgeman Polygon clipping 

Algorithm. 

7. What is Sutherland Hodgeman Polygon clipping Algorithm? 

8. What is Cohen Sutherland midpoint clipping algorithm? Explain with 

example. 
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6.0 OBJECTIVE  

This chapter will able you to understand the following concept: 

 3D Transformations and Matrices with its representation 

 Types of transformation such as scaling, reflection, translation, 

shearing and rotation. 

 Object representation methods like boundary representation and 

sweep representation. 

 Types of projection such as parallel and perspective Projections. 

 Perspective transformation like one point, two point and three-point 

transformation. 
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6.1 INTRODUCTION  

When we want to convert the real life object into computer we need to 

understand the coordinate system. The real life objects represent in 

computer with the different angles and different perspective with the help 

of different coordinate system and here the concept of transformation 

exist. Transformation takes place in x axis, y axis, z axis in 3D 

transformation. In this chapter we will see the 3D coordinate system of 

converting real life object to computer. The transformation which takes 

place on 3D plane or 3D space is called as 3D transformations. Boundary 

representation and sweep representation, CSG technique is used to 

represent the object on screen.  

6.2 3D OBJECT REPRESENTATION METHODS 

6.2.1 Boundary Representations (B-reps): 

 There are two types of information in a B-rep topological and 

geometric. 

 To topological information provides the connections among vertices, 

edges and faces analogous to that used in a wireframe model.  

 In addition to connectivity topological information also includes 

exposure of edges and faces. Geometric information are generally 

equations of the edges and faces. 

 The exposure of each face is important. Typically, a face is girdled by 

a set of vertices. Using the right-handed rule, the ordering of these 

vertices for describing a particular face must guarantee that the 

normal vector of that face is pointing to the surface of the solid. 

Typically, the order is un 

 Toward clockwise. However, the equation must be rewritten so that 

the normal vector at every point on the part that's being used as a face 

Points to the surface of the solid, If that face is given by an equation.  

 Thus, by examining normal vectors one can incontinently tell the 

inside/ outside of a solid under B-rep. 

 It can bae considered as extension to the wireframe model.  

 In B rep model the object has interior and external face bounded.  

 All the faces can be achieving by combining all vertices and edges, 

and it look like a set of well- organized faces.  

 All faces are having its own direction, occasionally it may represent 

wind hence it's also called as extension of wireframe model as it 

adding information to the main face. 

 There are two types of B-reps topological and geometric. Relationship 

among vertices can be represented by topological information.  
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 Also it's having analogous vertices, edges and faces that used in 

wireframe model. Whereas in geometric information the equation of 

edges and faces can be represented.  

 The exposure of each face is important as it describe the particular 

point to the surface. 

 

The orientation must be done for all faces.  

The Fig. (13) shows three faces and their pointing normal vectors.  

To describe the top surface, the vertices should be 6,7,2,1, or 7, 2, 1, 6 or 

2, 1, 6, 7 or 1, 6, 7, 2.  

To describe the left face, the order should be 1,2, 3, 4 or 2, 3, 4, 1 or 3, 4, 

1, 2 or 4, 1, 2, 3. 

 

Unfortunately, not all surfaces can he oriented this way.  

If the surface or a solid can be oriented this way, it is called orientable, 

otherwise, it is non-orientable.  

The Fig. (14) shows the well-known Mobius band which is one-sided and 

non-orientable 

6.2.2 Sweep Representations: 

Sweep representation create an object from 2D space to 3D space. The 

object created by this method creates meshes polygon or parametric curve 

before storing it. There are two types of sweep representation: A 
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Translation sweep and A rotational sweep. Some curve function can also 

be defined by sweep representation. The size shape along with the cross 

section can evaluate the sweep path. One can also change the direction of 

the cross section relative to the sweep. 

 

In translation sweep, the 3D object is created along the plane surface by 

spreading the linear path along to the normal plane where the 3d object is 

be constructed. To achieve wireframe representation, the replication of 2D 

shape is needed to draw the set of connecting lines.as shown in below 

figure. 

 

In another format of sweep which is rotational sweep the 2D object is 

rotated with respect to x axis in normal plane of 2D shape to convert into 

3D shape. Shown in below figure. 

 

6.2.3 Constructive Solid Geometry (CSG): 

The Constructive Solid-Geometry Method (CSG) combines the volumes 

occupied by overlapping 3D objects using set operations: - Union - 

Intersection – Difference 

Another technique for solid modelling is to combine the volumes occupied 

by overlapping three-dimensional objects using Boolean set operations. 
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This modelling technique is called Constructive Solid Geometry (CSG). It 

creates a new volume by applying Boolean operators such as union. 

intersection, or difference to two specified objects. 

 

CSG Tree:  

In fact, every solid constructed using CSG technique has a corresponding 

CSG expression which in turn has an associated CSG tree. The expression 

of the CSG tree is a representation of the final design? 

 

The Fig. (10), Fig. (11), Fig. (12) show the example for forming new 

shapes using Boolean set operations The Fig. 10 (a) shows that two 

rectangular blocks are placed adjacent to each other. We can obtain the 

combined object with the union operation as shown in Fig. 10 (b). 
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The Fig.(11) shows the result of intersection operation obtained by 

overlapping cylinder and cube. With the difference operation, we can 

obtain the resulting solid as shown in Fig. (12). The CSG method Uses 

three dimensional objects such as blocks, pyramids, cylinders, cones, 

spheres, and closed spline surfaces to generate other solid objects In this 

method, an object is stored as a tree with operators at the internal nodes 

and simple primitives at the leaves. Some nodes represent Boolean 

operators, whereas others represent operations such as translation, 

rotation, and scaling. It is important to note that Boolean operations are 

not, in general, communicative Therefore the edges of the trees must be in 

proper order. 

6.3 3D TRANSFORMATIONS 

The transformation which is applied on 3 plane i.e. x, y and yz plane to 

change the appearance of the object is called 3D transformation. 

 

 

Basic 3D transformation 

 

 

1. Translation Denoted by  T 

2. Rotation Denoted by  R 

3. Scaling Denoted by  S 

4. Shearing Denoted by  Sh 

5. Reflection Denoted by  RE
` 

 

6.3.1 Translation: 

 Changing the position of an object or shifting of an object is called 3D 

translation. 

 To achieve translation an object should shift in x, y and z direction. 

 We can translate a two dimensional figure by adding translation factor 

tx, ty and tz to the original points x, y and z 

 The following matrix shows translation, P=P+T 
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General representation of 3D translation matrix 

 

 
Fig 6.3.1 3D Translation 

6.3.2 Rotation: 

 Changing the position of an object with rotation angle along with xyz 

plane is called 3D rotation. 

 To achieve rotation an object should move in x and y direction with 

the specified angle  . 

 We can rotate a two dimensional figure by multiplying rotation factor 

rx , ry and rz to the original points x, y and z 

 The following matrix shows rotation, P=P+R 

 

 

Rotation  

 

Rotation   

 

Rotation  
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Fig 6.3.2 3D Rotation 

6.3.3 Scaling: 

 Changing the size of an object is called 3D scaling. 

 To achieve scaling an object should change the size of object in x, y 

and z direction. 

 We can scale a two dimensional figure by multiplying scaling factor 

sx , sy and sz to the original points x, y and z  

 There are two types of scaling: 

1.  Uniform scaling: if all scaling factors are same then it is called as 

Uniform Scaling 

2.  Non-uniform scaling: if all scaling factors are different then it is 

called as Non-  Uniform Scaling 

 The following matrix shows scaling, P=P+S 

 

Scaling x, y and z direction   

 

Uniform Scaling x, y and z direction   

 

Non-Uniform Scaling x, y and z direction   
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Fig 6.3.3 3D Scaling 

6.3.4 Shearing: 

 A shear is something that pushes the object sideway and make a thing 

little bit tilled. 

 To achieve shearing an object should have tilled(slant) with respect to 

x, y and z direction. 

 We can shear a two dimensional figure by multiplying shearing factor 

shx, shy and shz to the original points x, y and z. 

 The following matrix shows shearing, P=P + Sh 

 

Shearing x, y and z direction   

 

Shearing in xy direction              

 

Shearing in yz direction                

 

Shearing in xz direction                  
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Fig 5.3.4 3D Shearing 

6.3.5 Reflection: 

 Creating mirror image of an object is called 3D reflection. 

 To achieve reflection an object should appear in the form of mirror 

object in x, y and z direction. 

 We can reflect a two dimensional figure by multiplying reflection 

factor REx , REy and REz to the original points x, y and z 

 The following matrix shows reflection, P=P+RExy 

 

Reflection xy direction   

 

Reflection xz direction   

 

Reflection yz direction  
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Reflection about origin p  

 

 

Fig 6.3.5 3D Reflection 

6.4 PROJECTIONS 

Converting 3D object into 2D is called projection. Projection operation 

convert the viewing plane coordinate into 2D coordinate system so that the 

object will look like same as it seen in the real world. There are two types 

of projection. 

1.  Parallel projection 

2.  Perspective projection 

6.4.1 Parallel Projections: 

In this type of projection parallel line of object is transforms in parallel 

lines only. a parallel projection is also called as relative projection as it 

preserves relative plane along with the parallel lines. Accurate view of 

object from multiple sides is view in this projection.  This projection will 

not preserve realistic representation.  

 

Fig 6.4.1 Parallel projection 
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Parallel projection classification: 1 Orthographic Parallel projection 2. 

Oblique projection 

Oblique projection: oblique projections are obtained by projecting along 

with parallel lines that are NOT perpendicular to the projection plane. 

Orthographic Parallel Projection: it is done by projecting points along 

parallel lines that are perpendicular to the projection plane. 

6.4.1.1 Oblique Projection: 

If the direction of parallel projection is not parallel to view plane, then we 

have oblique projection. There are two types of oblique projection cavalier 

projection and cabinet production. 

 

Fig 6.4.1.1 Oblique projection 

1. Cavalier projection: whenever the objects edge parallel to the co-

ordinate axis also will be parallel to the front face that is called as Cavalier 

projection in this direction of projection is slanted so the points with Z 

coordinates are positively project down and to the left on the view plane.  

z co-ordinate negatively projected up and right face. The angle of z axis 

can be any of the direction but the distance of the points shifted in a z 

direction must be equal three dimensional view plane z distance that is 

called as Cavalier projection. 

 

Fig 5.4.1.1.1Cavalier Projection 
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2. Cabinet projection: In cabinet projection, the lines which are 

perpendicular to the projection plane are projected at one and half of the 

actual length of the object. The projection is said to be cabinet when an 

 

 

Fig 6.4.1.1.2Cabinet Projection 

6.4.1.2 Orthographic Projection: 

An orthographic projection is a type of parallel projection in which the 

projectors are parallel to each other and perpendicular to the plane of 

projection. It represents 3 dimensional objects in 2 dimensions. A square 

or rectangular viewing volume is formed for this projection by near, far, 

right, left, top and bottom clipping planes.  Single orthographic projection 

does not provide sufficient information to reconstruct the shape of an 

image, therefore, multiple orthographic projection displays a single face of 

3D object i.e viewer can only see the one side of an object at a time.  

In multiple projections front surface is parallel to plane of projection. 

Projection line of sights is perpendicular to the projection plane. Projectors 

are parallel to each other and originate from any point on object.  

 

Fig 6.4.1.2 Orthographic Projection 
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6.4.2 Perspective Projection: 

Perspective projection transforms object positions to the view plane while 

converging to center point of projection. Perspective projection produces 

realistic views but does not preserve relative proportions. Projections of 

distant objects are smaller than the projections of object of the same size 

that are closer to the projection plane. 

 

Fig 6.4.2 Perspective projection 

6.4.2.1 Vanishing Points Through Perspective Projection: 

A vanishing point is abstract points on the image plane where 2D 

projections of a set of parallel lines in 3D space appear to converge or 

intersect i.e. certain set of parallel lines appear to meet at different point 

which is known as vanishing point.  When the set of parallel lines are 

perpendicular to a picture plane then the construction is known as one-

point perspective and their vanishing point corresponds to the “eye point” 

from which the image should be viewed for correct respective geometry.  

Types of Vanishing point: 

1. One-point perspective: 

As the figure 6.4.1 shows end of the parallel line of hotels or houses after 

certain time of period the parallel lines meets each other at some point that 

point is called as one perspective vanishing point. Vanishing points are 

formed by the intersection parallel lines to one of the three axis x, y and z. 

all three parallel points are perpendicular to the same view plane at single 

point.0 
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Fig One-point perspective vanishing point 

2. Two-point perspective: 

In two points perspective side of an object vanish or recede towards one of 

the two vanishing points on the horizon. 

 

Fig Two-point perspective vanishing point 

3. Three-point perspective: 

In three-point perspective, there are three vanishing points where two 

vanishing points are along the horizon and third one is located either 

above the horizon or below the horizon. 
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Fig Three-point perspective vanishing point 

6.5 PERSPECTIVE TRANSFORMATIONS 

When human eyes see far away things they are looking smaller as they 

come closer they are looking bigger to eyes this type of viewing is called 

perspective. This technique need to convert an object from one form to 

another and that is known as projection. Perspective projection will 

convert 3D image into 2D. as human eyes does the projection transform 

shape of object into another form as they appear close to eyes. Perspective 

transformation represented in homogeneous coordinate system is as 

follows in 4 X 4 matrix 

 [PT]=  where r is any non-zero value 

There are three types of perspective transformation: 

1.  Single point perspective transformation 

2.  Two-point perspective transformation 

3.  Three-point perspective transformation 

1. Single point perspective transformation:  If one term (either x, y, z) 

in fourth column of matrix transformation is non zero we will get single 

point perspective transformation. 



 

 128 

Basic 3d Concepts & 

Fractals 

 

 

Fig Single point perspective transformation 

Two-point perspective transformation:  If two term (either x, y, z) in 

fourth column of matrix transformation is non zero we will get single 

point perspective transformation.  In this type object can be seen in two 

directions. 

 

Fig Two-point perspective transformation 

Three-point perspective transformation:  If three term (either x, y, z) in 

fourth column of matrix transformation is non zero we will get single 

point perspective transformation. In this type object can be seen in three 

directions. 
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Fig Three-point perspective transformation 

6.6 SUMMARY 

The process of changing size, shape, position and orientation of object is 

called transformation. The basic transformation is translation, rotation, 

reflection, scaling, shearing. All the transformation which are done in 2D 

that are same in 3D with the axis x, y, z. 3D matrix is represented by 4X 4 

matrix with or without homogenous coordinate system. Rotation about an 

arbitrary axis can be done through translation and rotation. It can be done 

in both directions clockwise and anticlockwise. Reflection through an 

arbitrary plane is done with translation, rotation, reflection, inverse 

rotation and inverse translation. Study of parallel lines is called as affine 

and perspective geometry. Affine transformation can get through 

combination of two or more transformations. Perspective transformation 

deals with conventions of 3D world into 2D image. There are three types 

of perspective transformations single point, two point and three-point 

perspective transformation. There are three ways to generating perspective 

views one point, two point and three point perspectives. It is also done in 

vanishing point in different perspective projection. Three dimensional 

transformations are useful in presenting different views of an object.an 

example of program lets the user interactively specify the transformation 

parameters. Since we will find translation and rotation about an axis useful 

in creating a viewing transformation will develop algorithms for creating 

transformation matrices involving these operations. We shall do this by 

means of a routine which creates an identity transformation matrix and 

routines which have the effect of multiply the current transformation 

matrix by a matrix for translation or rotation about one the principal axes.  
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 6.7 UNIT END EXERCISE  

1.  What is 3D transformation? Explain its types. 

2.  Explain conventions 3D transformation in detail. 

3.  What is perspective transformation? Explain in detail. 

4.  How many perspective vanishing points are there? How it works?  

5.  Write a short note on Koch curve representation. 

6.  Explain in brief scaling in 3D. 

7.  Write a short note on oblique and orthographic projection. 

8.  Explain B-rep and sweep representation in detail. 

9.  Explain the concept of parallel projection in detail. 
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7.0 OBJECTIVE 

● Halftoning and dithering technique. 

● Fractals and self-similarity technique. 

● Koch Curves/snowflake 

● Sirpenski Triangle 

● Patterning and thresholding 

● Ordered dithering technique 

7.1 INTRODUCTION 

Many display devices allow only two imaging states per pixel. This is fine 

for line drawings, but when displaying surfaces, we would often like more 

verity than just black or white. There would be little point to the shading 

calculations we have discussed if there were no way to produce gray 

image. To display all sides of the object one need to learn the projection 

types as perspective and parallel projection.to display clear Image 

techniques like halftoning and dithering algorithm is used. And for 

repeating image or object scenario one need to understand the curve 

representation like Koch curve and Sirpenski Triangle. Using such 

patterns allows us to give different polygons different appearances. And 

with a judicious choice of patterns, this mechanism can also provide Gray 

levels for use in shading. But for realistic image, as might be generated by 

ray tracing or might be input from a television camera or scanner. 
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Photographs are routinely reproduced in books and newspapers using only 

two states. This technique is called as halftoning. 

7.2 HALFTONING 

Continues image can be printed in newspapers, magazines and books 

using a bi-level printer is called as half toning. In black and white image 

printing the user can directly plot shades of grey using only black ink on a 

printing press. In photosensitive printing plate white color creates pattern 

by its negative fine screen. The length screen exposure is varying through 

the size of dots applied on the screen. 

The image can be seen dark and large by the use of printing large dots on 

plates, the density of the dots may overlap each other to display the image. 

Whereas when the image is not dark or it may be light the dots are inked 

or dispersed in the smallest region. The dots fuse, both on the paper and in 

our eyes, to give a convincing illusion of continuous tones. Printed 

i9mages made up of series varies in the size and shape of the image as 

well as the illusion of continues tones and varying density dots can make 

pattern is called as halftonig. It uses series of cyan magenta yellow and 

black color to display the image and it would see to human eye very 

naturally or realistic. The screen with line 50-90 dots per inch are used for 

newspaper. whereas for books and magazine screen with 100-300 dots per 

inch is used. 

7.2.1 Patterning: 

The visual resolution of computer generated image can be increased using 

a technique called patterning. In contrast to halftone printing, which use 

variable cells size, patterning, which can be considered a form of clustered 

dot ordered dithering, generally uses fix cells size. For display of fixed 

resolution several pixels are combined to yield a pattern cell. 

 

Figure: Dot patterning image 

7.2.2 Thresholding: 

We can alter the appearance of the image by changing the threshold 

c=values. The intensity at the display need not correspond linearly to that 

of the source image. This is useful when the source image originates from 
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real life, such as a scanned photograph. Altering the threshold can adjust 

for under or over exposure and can be used to enhance the image. The 

threshold also can be compensating for nonrealistic inn either the 

scanning, the display hardware or our eyes. Our eyes are in fact sensitive 

to intensity ratios other than absolute intensities, so to achieve a set of grey 

levels which look equally spaced. We might select threshold values which 

change exponentially (1,2,4,8,16) or cubically (1,9,27,64) 

 

Fig 7.2. 2 Halftoninig -Dot size 

7.3 DITHERING 

In computer graphics we need to convert real world object into computer 

screen with true colour with colour space of 1677216 i.e. 16 million of 

different colours. When the colours are not available to use in computer 

screen, without colour the rendered image is apparent which is not exist 

actually. This technique is known as Dithering. To create an illusion in 

computer graphics with additional colours on colour display or printer the 

technique is used. It can be used to display 2D or 3D images on computer 

graphics screen with more realistic features and colour depth in image. 

To create an illusion of the color which are not actually present is called as 

dithering. And it can be done through random arrangements of pixel. 

For example. Consider this image. 

 

The process of dithering which involves, without changing the quantity of 

pixel and with using only black and white pixels to create another image. 

 

 This is an image with only black and white pixels in it. Its pixels are 

arranged in an order to form another image that is shown below. Note at 

the arrangement of pixels has been changed, but not the quantity of pixels. 
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Ordered Dithering: 

The ordered dither technique for bi-level display also increases the visual 

resolution without reducing the spatial resolution, by introducing the 

random error into the image. This random error is added to the image 

intensity of each pixel before comparison with the selected threshold 

value. Adding a completely random error does not yield an optimum 

result. However, an optimum additive error pattern which minimize 

pattern texture effects, exist. Because the error patterning is smaller than 

image size, it is tilled across the image. This technique is form of 

dispersed dot ordered dither.  

7.4 FRACTALS AND SELF-SIMILARITY 

A fractal line is fine for the path of a lightning the bolt, but for something 

like a three dimensional mountain range, we need a fractal surface. There 

are several ways to extend the fractal idea to surface. The one can present 

is based on triangles. 

We can use the computer to easily generate self-similar fractal curves.  

The self-similar drawing can be done by a self-referencing procedure. A 

curve is composed of N self-similar pieces, each scaled by 1/s. of course, a 

computer routine should terminate, which   a true fractal does not.  

Being able to use the computer to generate fractal curve means that the 

user can easily generate realistic cost line and mountains peak or lightning 

bolts without concern for all the small bends and wiggles, and the user 

need only give the endpoints. 

 The algorithm presented not very efficient in that it calculated each point 

twice. Care must be taken with the seed values to ensure that the same 

fractal edge is generated for two bordering triangles. 
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7.4.1 Geometric Fractals: 

A fractal is " it is considered as geometric shape that is rough or 

fragmented and that can bifurcate in small parts, every part which is in 

reduced/size copy of the whole". The term was originated by Benoît 

Mandelbrot in 1975 and was come from the Latin word fractus meaning 

broken or fractured. 

A Geometric object fractal has the following features: 

● Arbitrarily small scales are at fine structure  

● In traditional Euclidean geometric language, it is described as too 

irregular and it is easily accessible. 

● Its nature is self-similar (at least approximatively or stochastically) 

● It has a topological dimension less than Hausdorff dimension (but this 

requirement is not met by space-filling curves such as the Hilbert 

curve) 

● it has recursive and simple function definition. 

Because of same feature of appearing similar at all the levels of 

magnification, fractals are sometime often considered as 'infinitely 

complex'. Like example of mountain ranges, clouds and lightning bolts.  

However, in case of all object it is not all self-similar objects can be a 

fractal such as the real line like a straight Euclidean line which is formally 

self-similar in nature but fails to have other fractal characteristics. 

7.4.2 Generating Fractals: 

Following are some main techniques for generating fractals are: 

1. Escape-time fractals: The recurrence relation is defined by an object 

at each point to bifurcate the object in to self-similarity for a complex 

problem such as the Lyapunov fractal, Julia set Mandelbrot set, the 

Burning Ship fractal. 

2. Iterated function systems: In this type of fractals the replacement 

theory is used to describe the geometric object. For example, Harter-

Highway dragon curve, Cantor set, Sierpinski carpet, T-Square, 

Menger , Sierpinski gasket, Piano curve, Koch snowflake,  sponge. 

3. Random fractals: It is not following the deterministic approach it is 

just following the stochastic feature, there are some example of, 

Brownian tree, trajectories of the Brownian motion, Lévy flight, 

fractal landscapes.  

In the latter stage it is called asmass- or dendritic fractals, for example, 

reaction-limited aggregation clusters or diffusion-limited aggregation. 
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7.4.3 Classification of Fractals: 

With property of their self-similarity fractals can be classified into three 

main categories. 

 Exact self-similarity: This is one of the main self-similarity activity 

and it is well versed; the fractal appearance is different for all object 

at all different scales. Iteration property of fractals defined can be 

display by exact self-similarity in some function. 

 Quasi-self-similarity: This activity is one of the weakest activity of 

self-similarity; most of the time the fractal appearance is not exactly 

but approximately and it is again different at different scales. In 

Quasi-self-similar fractals, it presents the small copies of the entire 

object fractal in distorted and degenerate forms. Fractals can be 

represented by recurrence relations and it is usually quasi-self-similar 

but not exactly self-similar. 

 Statistical self-similarity: This is one more weakest type of self-

similarity; these self-similarity fractal has statistical or numerical 

calculated numbers which are preserved across scales. Most of the 

time the definitions will be true for "fractal" which the implication of 

some form of statistical self-similarity. continuous Fractal dimension 

is a numerical measure which is preserved across scales whereas in 

case of random fractals are not exactly or Quasi self-similar but it is 

statistically self-similar, but neither exactly nor quasi-self-similar. 

 Invariant fractal sets: with the help of nonlinear transformation 

invariant fractals are formed. self-squaring fractals are the main 

property of this type, in which squaring function is used. Squering 

function is self-inverse fractals which can be used for complex 

problem such as the mendelbrot set. 

7.4.4 Characteristics of Fractals: 

Fractal characteristics firstly introduced by ‗Alain Boutot‘. All scales and 

observations are taken into consideration to do the fractals. In language of 

Euclidian geometry, it cannot be described as it is irregular locally and 

globally. 

1. Self-Similarity: Each part is same as whole parts are available in the 

object.  

2. Scaling: All spatial resolution is same as other spatial resolution as it 

follows the self-similarity feature. Smaller feature can inherit the 

feature of larger element. 

3. Bounded Infinity: within the finite boundary one can illustrate the 

infinite elements of same shape and size. The Koch curve or 

snowflake can illustrate the bounded infinity very clearly. 

4. Fractal dimensions: in self-similarity fractal dimension can be defined 

as repeated number of action to be taken in the object drawing. 
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7.4.5 Elements of Fractals: 

Fractal can be performing with the two main elements initiator and 

generator. With initiator it can starts and draw equilateral triangle and it 

can be divide into same fractal with the help of generator. Initiator will 

divide the line segment into three equal parts and the process is repeated 

until the generator generates a fine image. 

 

Dimension 

7.4.6 Application of Fractals: 

▪ Classification of histopathology slides in medicine 

▪ Generation of new music 

▪ Generation of various art forms 

▪ Signal and image compression 

▪ Seismology 

▪ Computer and video game design, especially computer graphics for 

organic environments and as part of procedural generation 

▪ Fractography and fracture mechanics 

▪ Fractal antennas — Small size antennas using fractal shapes 

▪ Neo-hippies t-shirts and other fashion. 

▪ Generation of patterns for camouflage, such as MARPAT. 

▪ Digital sundial 

7.4.7 Fractals in real life: 

▪ In pour day to day life fractals are easily found in our environment. 

Like in cloud or mountain nature object the self-similarity structure is 

extended in finite step or defines scale range. Another examples 

include river flow, snowflake, in vegetable it found in cauliflower or 

broccoli, and in a human body systems of blood vessels. 

▪ As we know the fractals uses the recursive algorithm to make trees 

and ferns which are fractal in nature and can be drawn on screen with 

the same algorithm. These example shows the recursive nature used 
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such as a branch of a tree can be used to make frond from a fern 

which can be replica of the main system but it is not identical, and it 

has a same shape in nature. 

▪ In the example of mountain, with using a fractal the mountain surface 

can be modelled on a computer screen, it will initialised with a 

triangle in 3D space and each central point connect with the line 

segment this will be done for each side, resulting in 4 triangles. The 

central points are then randomly moved up or down, within a defined 

range. This process is repetitive procedure for a finite step, with 

decomposing into iteration by half range at each stage. The property 

of recursive algorithm assures the self-similarity in the object which is 

statistically similar to each other. 

▪ In some American artist painting like Jackson Pollock the Fractal 

patterns have been found, while in that Pollock's paintings the object 

is appear to be composed of chaotic dripping and splattering, while 

going through the analysis the computer has found fractal patterns in 

his work. 

7.4.8 Algorithm of Fractals: 

The below algorithm presents a procedure for drawing a fractal line 

segment from the current position to the specified position. It requires as 

arguments the endpoint a weight factor, and the desired recursion depth.  

Algorithm FRACTAL-LINE-ABS-3 (X, Y, Z, W, N, FSEED) user 

routine from drawing fractals lines 

Arguments X, Y, Z the point to which to draw a line 

                   W described the roughness of the curve 

                    N the desired depth of recursion 

                    FSEED seed for fractal pattern 

Global       DF-PEN-X, DF-PEN-Y, DF-PEN-Z current pen position 

                  SEED the seed used by the random number generator 

      Local             L the approximate line length 

      BEGIN 

            SEED   FSEED; 

            L  | X – DF-PEN-X | + | Y – DF-PEN-Y | + | Z – DF-PEN-Z |; 

            FRACTAL – SUBDIVIDE (DF – PEN- X, DF – PEN- Y, DF – 

PEN- Z, X, Y, Z, L * W, N); 

     END; 
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The SEED is a number given to the random number generator. It is 

assumed the RND not only returns the random number calculated from 

SEED but also alters the value reason for giving the SEED so that on the 

next call a different random number will be returned. The fractal will 

depend upon the initial seed used. 

Algorithm FRACTAL-LINE-SUBDIVIDE (X1, Y1, Z1, X2, Y2, Z2, S, 

N) Draws a fractal line between points X1, Y1, Z1 and X2, Y2, Z2  

Arguments X1, Y1, Z1 the point to start the line 

                   X2, Y2, Z2 the point to stop the line 

                   S offset scale factor 

                   N the desired depth of recursion 

                   FSEED seed for fractal pattern 

Local             XMID, YMID, ZMID coordinates at which to break the line 

BEGIN 

            IF N=0 THEN 

                BEGIN 

                   Recursion stops, so just draw the line segment 

                   LINE-ABSA3 (X2, Y2, Z2) 

      END 

    ELSE 

      BEGIN 

          Calculate the halfway point 

          XMID   (X1 + X2)/2 + S * GAUSS; 

          YMID   (Y1 + Y2)/2 + S * GAUSS; 

          ZMID   (Z1 + Z2)/2 + S * GAUSS; 

Draw the two halves 

FRACTAL-SUBDIVIDE (X1, Y1, Z1, XMID, YMID, ZMID, S/2, N-1); 

FRACTAL-SUBDIVIDE (X2, Y2, Z2, XMID, YMID, ZMID, S/2, N-1); 

END; 

  RETURN; 

END 
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We approximate a Gaussian distribution by averaging several uniformly 

random numbers. Half the numbers are added and half subtracted to 

provide for zero mean. 

Algorithm GAUSS calculates an approximate Gaussian between -1 

and 1. 

      Local       I for summing samples 

      BEGIN 

            GAUSS   0; 

            FOR I 1 TO 6 DO GAUSS � GAUSS + RND – RND; 

            GAUSS   GAUSS / 6; 

            RETURN; 

     END; 

7.4.9 Classification of fractals: 

Fractals can also be classified according to their self-similarity. There are 

three types of self-similarity found in fractals: 

Exact self-similarity: This is the strongest type of self-similarity; the 

fractal appears identical at different scales. Fractals defined by iterated 

function systems often display exact self-similarity. 

Quasi-self-similarity: This is a loose form of self-similarity; the fractal 

appears approximately (but not exactly) identical at different scales. 

Quasi-self-similar fractals contain small copies of the entire fractal in 

distorted and degenerate forms. Fractals defined by recurrence relations 

are usually quasi-self-similar but not exactly self-similar. 

Statistical self-similarity: This is the weakest type of self-similarity; the 

fractal has numerical or statistical measures which are preserved across 

scales. Most reasonable definitions of "fractal" trivially imply some form 

of statistical self-similarity. (Fractal dimension itself is a numerical 

measure which is preserved across scales.) Random fractals are examples 

of fractals which are statistically self-similar, but neither exactly nor 

quasi-self-similar. 

7.5 KOCH CURVE 

In mathematic curve one of the oldest fractals described is, The Koch 

snowflake (also known as the Koch star and Koch island). The Koch 

snowflake is based on the Koch curve, which appeared in a 1904 paper 

titled "On a continuous curve without tangents, constructible from 

elementary geometry" by the Swedish mathematician Helge von Koch. 

Self-similarity feature can be known as fractal and that fractal is also 

called as Koch curve. It is built from straight line segment and then it is 
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divided into three equal parts; again the middle part id bifurcates in 

equilateral triangle. Fractal objects can be achieved using one of the 

popular method that is L-system (Lindenmayer system). In this method the 

recursive function is used to create same size and same shape of the object 

several times. This can be result into Koch curve with middle segment, 

middle can be varying every time and can be converted into a regular 

positive integers greater than or equal to 3.  

The Koch curve can be built up iteratively with the specific iteration, in 

sequence stage. The starting is done with the equilateral triangle, and each 

successive stage the adding the construction of equilateral triangle to it. 

After each iteration the triangle size gets small.  The size of area where the 

triangle constructed is increases without bond, consequently the snowflake 

is occupying the area but the area is finite.  

Preliminaries: 

It can be expressed by following rewrite  

system (L-system)  

Alphabet : F 

Constant :  +, - 

Axiom : F 

Production rule: F ->F +F --F +F 

Here, F means "draw forward", + means "turn left  

60°" and - means "turn right 60°".  

To draw a  Koch snowflake curve, the  Prod. Rule  1 is  

applied on axiom ―F - - F - - F‖ 

7.5.1 Construction of KOCH CURVE: 

Koch curve can be constructed with an equilateral triangle, then 

recursively changing with the line segments that create a side of 

equilateral triangle as follows: 

1. First, divide the line segment into three equal parts. 

2. Draw an equilateral triangle with this three point which we get in step 

one with the 3 equal segments. 

3. Remove the line segment that is the base of the triangle 

4. After adding these three equilateral triangle the shape become the star  

5. Follow the same process as much as you want the shape is to be fixed, 

but it should be finite in nature. 
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Construction:  

Step 1:  first draw an equilateral triangle. It should divide in three sides. 

 

Step2: divide each of 3 side in equal parts 

 

Step3: Three side which we have created draw an equilateral triangle in 

each middle part. 

 

Step4: Divide each outer side into thirds. You can see the 2nd generation 

of triangles covers a bit of the first. These three line segments 

shouldn‘t be parted in three. 
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Step5: Draw an equilateral triangle on each middle part. 

 

7.6 SIRPENSKI TRIANGLE 

The mathematician had taken much efforts on giving topological 

characterization of continuum and from this we got many example of 

topological space with some more properties. In which Sierpinski 

algorithm is most famous algorithm. The Sierpiński gasket is defined as 

follows: Take a solid equilateral triangle, divide it into four congruent 

equilateral triangles, and remove the middle triangle; then do the same 

with each of the three remaining triangles; and so on. 

The simple continuous curve in the plain plane with some limit of fractal 

image is also known as Sierpiński construction. Repeated modification can 

have done in same manner or analogous manner can be formed koch 

snowflake. The base of equilateral triangle is the starting line segment of 

plane (initial curve). 

Different mathematical tools are available to draw Sierpiński construction 

but the easiest way is to draw with pen and paper. 

Steps: 

1. Take pen and paper and draw a equilateral triangle. 

2. Split the edges between two parts. 

3. Divide that triangle into 4 smaller triangle 

4. Repeat step 3 for the remaining triangle as much as you want. 
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At each recursive stage, replace each line segment on the curve with three 

shorter ones, each of equal length, such that:  

1. The three line segments replacing a single segment from the previous 

stage always make 120° angles at each junction between       two 

consecutive segments, with the first and last    segments of the curve 

either parallel to the base of the given equilateral triangle or forming a 

60° angle with it. 

2.  No pair of line segments forming the curve at any stage ever 

intersect, except possibly at their endpoints.  

3. Every line segment of the curve remains on, or within, the given 

equilateral the central downward pointing equilateral triangular 

regions that are external to the limiting curve. 

 

We can describe the amount of variation in the object detail with a number 

called fractal dimension, unlike the Euclidian dimensions, this number is 

not necessarily an integer. The fractal dimension of an object is something 

referred to as the fractional dimension. 

 

Special Properties: 

The Sierpinski triangle curve is also called as Sierpinski gasket or 

Sierpinski triangle or both. It is derived by the Mandelbrot who first gave 

it the name "Sierpinski's gasket." Sierpinski described the construction to 

give an example of "a curve simultaneously Cantorian and Jordanian, of 

which every point is a point of ramification." Basically, this means that it 

is a curve that crosses itself at every point.  
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7.7 SUMMARY 

A fractal line is fine for the path of a lightning the bolt, but for something 

like a three dimensional mountain range, we need a fractal surface. There 

are several ways to extend the fractal idea to surface. The one can present 

is based on triangles. Fractal characteristics firstly introduced by ‗Alain 

Boutot‘. All scales and observations are taken into consideration to do the 

fractals. In language of Euclidian geometry, it cannot be described as it is 

irregular locally and globally. In mathematic curve one of the oldest 

fractals described is, The Koch snowflake (also known as the Koch star 

and Koch island). The Koch snowflake is based on the Koch curve, which 

appeared in a 1904 paper titled "On a continuous curve without tangents, 

constructible from elementary geometry" by the Swedish mathematician 

Helge von Koch. The mathematician had taken much efforts on giving 

topological characterization of continuum and from this we got many 

example of topological space with some more properties. In which 

Sierpinski algorithm is most famous algorithm. 

Self-similarity feature can be known as fractal and that fractal is also 

called as Koch curve. It is built from straight line segment and then it is 

divided into three equal parts. The simple continuous curve in the plain 

plane with some limit of fractal image is also known as Sierpiński 

construction. The image can be seen dark and large by the use of printing 

large dots on plates, the density of the dots may overlap each other to 

display the image. Whereas when the image is not dark or it may be light 

the dots are inked or dispersed in the smallest region. 

7.8 UNIT AND EXERCISE 

1. What is halftoning? Explain in detail. 

2. What is Sierpinski algorithm? Explain with example. 

3. Explain about dithering technique in detail. 

4. What is Koch curve? Explain its construction. 

5. Define fractals with its characteristics and application. 

6. Explain fractals with algorithms. 

7. Write a note on patterning 

8. How fractals can be used in real life? 

9. Write a note on thresholding 

10. Explain Classification of fractlas. 
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MODULE V 

8 
FUNDAMENTAL STEPS 

Unit Structure 

8.0  Objectives 

8.1 Fundamental Steps in Digital Image Processing 

8.2  Components of an Image Processing System 

8.3 Basic Concepts in Sampling and Quantization 

8.4  Representing Digital Images 

8.5 Spatial and Gray-Level Resolution 

8.6  Summary 

8.7 Unit and Questions 

8.8 References 

8.0 OBJECTIVES 

Upon successfully completing the course, the student should: 

1. Have the skill base necessary to further explore advanced topics of 

Digital Image Processing. 

2. Be in a position to make a positive professional contribution in the 

field of Digital Image Processing. 

3. At the end of the course the student should have a clear impression of 

the breadth and practical scope of Digital Image Processing and have 

arrived at a level of understanding that is the foundation for most of 

the work currently underway in this field. 

8.1 FUNDAMENTAL STEPS IN DIGITAL IMAGE 

PROCESSING 

Digital Image Fundamentals: 

The field of digital image processing refers to processing digital images by 

means of digital computer. Digital image is composed of a finite number 

of elements, each of which has a particular location and value. These 

elements are called picture elements, image elements, pels and pixels. 

Pixel is the term used most widely to denote the elements of digital image. 

An image is a two-dimensional function that represents a measure of some 

characteristic such as brightness or color of a viewed scene. An image is a 

projection of a 3-D scene into a 2D projection plane. 
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An image may be defined as a two-dimensional function f(x,y), where x 

and y are spatial (plane) coordinates, and the amplitude of f at any pair of 

coordinates (x,y) is called the intensity of the image at that point. 

 

The term gray level is used often to refer to the intensity of monochrome 

images. Color images are formed by a combination of individual 2-D 

images. 

For example: The RGB color system, a color image consists of three (red, 

green and blue) individual component images. For this reason many of the 

techniques developed for monochrome images can be extended to color 

images by processing the three component images individually. 

An image may be continuous with respect to the x- and y- coordinates and 

also in amplitude. Converting such an image to digital form requires that 

the coordinates, as well as the amplitude, be digitized. 

Applications of Digital Image Processing: 

Since digital image processing has very wide applications and almost all 

of the technical fields are impacted by DIP, we will just discuss some of 

the major applications of DIP. 

Digital image processing has a broad spectrum of applications, such as 

● Remote sensing via satellites and other spacecrafts 

● Image transmission and storage for business applications 

● Medical processing, 

● RADAR (Radio Detection and Ranging) 

● SONAR(Sound Navigation and Ranging) and 

● Acoustic image processing (The study of underwater sound is known 

as underwater acoustics or hydro acoustics.) 

● Robotics and automated inspection of industrialparts.  

Images acquired by satellites are useful in tracking of: 

● Earth resources; 

● Geographical mapping; 

● Prediction of agricultural crops, 
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● Urban growth and weather monitoring 

● Flood and fire control and many other environmental applications. 

Space image applications include: 

● Recognition and analysis of objects contained in images obtained 

from deep space-probe missions. 

● Image transmission and storage applications occur in broadcast 

television 

● Teleconferencing 

● Transmission of facsimile images(Printed documents and graphics) 

foroffice automation  

Communication over computer networks: 

● Closed-circuit television based security monitoring systems and 

Medical applications: 

● In militarycommunications.      

● Processing of chest X- rays 

● Cineangiograms 

● Projection images of transaxial tomography and 

● Medical images that occur in radiology nuclear magnetic 

resonance(NMR) 

● Ultrasonic scanning 

IMAGE PROCESSING TOOLBOX (IPT) is a collection of functions that 

extend the capability of the MATLAB numeric computing environment. 

These functions, and the expressiveness of the MATLAB language, make 

many image-processing operations easy to write in a compact, clear 

manner, thus providing a ideal software prototyping environment for the 

solution of image processing problem. 

8.2 COMPONENTS OF AN IMAGE PROCESSING 

SYSTEM 

Components of Image processing System: 
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Figure: Components of Image processing System 

Image Sensors: With reference to sensing, two elements are required to 

acquire digital image. The first is a physical device that is sensitive to the 

energy radiated by the object we wish to image and second is specialized 

image processing hardware. 

Specialize image processing hardware: It consists of the digitizer just 

mentioned, plus hardware that performs other primitive operations such as 

an arithmetic logic unit, which performs arithmetic such addition and 

subtraction and logical operations in parallel on images. 

Computer: It is a general purpose computer and can range from a PC to a 

supercomputer depending on the application. In dedicated applications, 

sometimes specially designed computer are used to achieve a required 

level of performance 

Software: It consists of specialized modules that perform specific tasks a 

well designed package also includes capability for the user to write code, 

as a minimum, utilizes the specialized module. More sophisticated 

software packages allow the integration of these modules. 

Mass storage: This capability is a must in image processing applications. 

An image of size 1024 x1024 pixels, in which the intensity of each pixel is 

an 8- bit quantity requires one Megabytes of storage space if the image is 

not compressed .Image processing applications falls into three principal 

categories of storage 

i) Short term storage for use during processing 

ii) On line storage for relatively fast retrieval 

iii) Archival storage such as magnetic tapes and disks 
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Image display: Image displays in use today are mainly color TV 

monitors. These monitors are driven by the outputs of image and graphics 

displays cards that are an integral part of computer system. 

Hardcopy devices: The devices for recording image includes laser 

printers, film cameras, heat sensitive devices inkjet units and digital units 

such as optical and CD ROM disk. Films provide the highest possible 

resolution, but paper is the obvious medium of choice for written 

applications. 

Networking: It is almost a default function in any computer system in use 

today because of the large amount of data inherent in image processing 

applications. The key consideration in image transmission bandwidth. 

Fundamental Steps in Digital Image Processing: 

There are two categories of the steps involved in the image processing –  

1. Methods whose outputs are input are images. 

2. Methods whose outputs are attributes extracted from those images. 

 

Fig: Fundamental Steps in Digital Image Processing 

Image acquisition: It could be as simple as being given an image that is 

already in digital form. Generally the image acquisition stage involves 

processing such scaling. 

Image Enhancement: It is among the simplest and most appealing areas 

of digital image processing. The idea behind this is to bring out details that 

are obscured or simply to highlight certain features of interest in image. 

Image enhancement is a very subjective area of image processing. 
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Image Restoration: It deals with improving the appearance of an image. 

It is an objective approach, in the sense that restoration techniques tend to 

be based on mathematical or probabilistic models of image processing. 

Enhancement, on the other hand is based on human subjective preferences 

regarding what constitutes a “good” enhancement result.  

Color image processing: It is an area that is been gaining importance 

because of the use of digital images over the internet. Color image 

processing deals with basically color models and their implementation in 

image processing applications. 

 

Wavelets and Multi resolution Processing: These are the foundation for 

representing image in various degrees of resolution. 

Compression: It deals with techniques reducing the storage required to 

save an image, or the bandwidth required to transmit it over the network. 

It has to major approaches a) Lossless Compression b) Lossy Compression 

Morphological processing: It deals with tools for extracting image 

components that are useful in the representation and description of shape 

and boundary of objects. It is majorly used in automated inspection 

applications. 

Representation and Description: It always follows the output of 

segmentation step that is, raw pixel data, constituting either the boundary 

of an image or points in the region itself. In either case converting the data 

to a form suitable for computer processing is necessary. 

Recognition: It is the process that assigns label to an object based on its 

descriptors. It is the last step of image processing which use artificial 

intelligence of software. 

Knowledge base: 

Knowledge about a problem domain is coded into an image processing 

system in the form of a knowledge base. This knowledge may be as simple 
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as detailing regions of an image where the information of the interest in 

known to be located. Thus limiting search that has to be conducted in 

seeking the information. The knowledge base also can be quite complex 

such interrelated list of all major possible defects in a materials inspection 

problems or an image database containing high resolution satellite images 

of a region in connection with change detection application. 

 

A Simple Image Model: 

An image is denoted by a two dimensional function of the form f{x, y}. 

The value or amplitude of f at spatial coordinates {x,y} is a positive scalar 

quantity whose physical meaning is determined by the source of the 

image. When an image is generated by a physical process, its values are 

proportional to energy radiated by a physical source. As a consequence, 

f(x,y) must be nonzero and finite; that is o<f(x,y) <co The function f(x,y) 

may be characterized by two components- The amount of the source 

illumination incident on the scene being viewed. 

(a) The amount of the source illumination reflected back by the objects in 

the scene These are called illumination and reflectance components 

and are denoted by i(x,y) an r (x,y) respectively. 

The functions combine as a product to form f(x,y). We call the intensity of 

a monochrome image at any coordinates (x,y) the gray level (l) of the 

image at that point l= f (x, y.) 

                     L 

min ≤ l ≤ Lmax Lmin is to be 

positive and Lmax must be finite 

The interval [Lmin, Lmax] is called gray scale. Common practice is to 

shift this interval numerically to the interval [0, L-l] where l=0 is 

considered black and l= L-1 is considered white on the gray scale. All 

intermediate values are shades of gray of gray varying from black to 

white. 

8.3  BASIC CONCEPTS IN SAMPLING AND 

QUANTIZATION  
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In Digital Image Processing, signals captured from the physical world 

need to be translated into digital form by “Digitization” Process. In order 

to become suitable for digital processing, an image function f(x,y) must be 

digitized both spatially and in amplitude. This digitization process 

involves two main processes called 

1. Sampling: Digitizing the co-ordinate value is called sampling. 

2. Quantization: Digitizing the amplitude value is called quantization. 

Typically, a frame grabber or digitizer is used to sample and quantize 

the analogue video signal. 

Sampling:  

Since an analogue image is continuous not just in its co-ordinates (x axis), 

but also in its amplitude (y axis), so the part that deals with the digitizing 

of co-ordinates is known as sampling. In digitizing sampling is done on 

independent variable. In case of equation y = sin(x), it is done on x 

variable. 

 

When looking at this image, we can see there are some random variations 

in the signal caused by noise. In sampling we reduce this noise by taking 

samples. It is obvious that more samples we take, the quality of the image 

would be more better, the noise would be more removed and same 

happens vice versa. However, if you take sampling on the x axis, the 

signal is not converted to digital format, unless you take sampling of the y-

axis too which is known as quantization. 

Sampling has a relationship with image pixels. The total number of pixels 

in an image can be calculated as Pixels = total no of rows * total no of 

columns. For example, let’s say we have total of 36 pixels, that means we 
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have a square image of 6X 6. As we know in sampling, that more samples 

eventually result in more pixels. So it means that of our continuous signal, 

we have taken 36 samples on x axis. That refers to 36 pixels of this image. 

Also the number sample is directly equal to the number of sensors on 

CCD array. 

Here is an example for image sampling and how it can be represented 

using a graph. 

 

Quantization: 

Quantization is opposite to sampling because it is done on “y axis” while 

sampling is done on “x axis”. Quantization is a process of transforming a 

real valued sampled image to one taking only a finite number of distinct 

values. Under quantization process the amplitude values of the image are 

digitized. In simple words, when you are quantizing an image, you are 

actually dividing a signal into quanta(partitions). 

Now let’s see how quantization is done. Here we assign levels to the 

values generated by sampling process. In the image showed in sampling 

explanation, although the samples has been taken, but they were still 

spanning vertically to a continuous range of gray level values. In the 

image shown below, these vertically ranging values have been quantized 

into 5 different levels or partitions. Ranging from 0 black to 4 white. This 

level could vary according to the type of image you want. 

 

There is a relationship between Quantization with gray level resolution. 

The above quantized image represents 5 different levels of gray and that 

means the image formed from this signal, would only have 5 different 

colors. It would be a black and white image more or less with some colors 

of gray. 
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When we want to improve the quality of image, we can increase the levels 

assign to the sampled image. If we increase this level to 256, it means we 

have a gray scale image. Whatever the level which we assign is called as 

the gray level. Most digital IP devices uses quantization into k equal 

intervals. If b-bits per pixel are used, 

 

The number of quantization levels should be high enough for human 

perception of fine shading details in the image. The occurrence of false 

contours is the main problem in image which has been quantized with 

insufficient brightness levels. Here is an example for image quantization 

process. 

 

8.4  REPRESENTING DIGITAL IMAGES  

Digital Image representation: 

Digital image is a finite collection of discrete samples (pixels) of any 

observable object. The pixels represent a two- or higher dimensional 

“view” of the object, each pixel having its own discrete value in a finite 

range. The pixel values may represent the amount of visible light, infra red 

light, absortation of x-rays, electrons, or any other measurable value such 

as ultrasound wave impulses. The image does not need to have any visual 

sense; it   is sufficient that the samples form a two-dimensional spatial 

structure that may be illustrated as an image. The images may be obtained 

by a digital camera, scanner, electron microscope, ultrasound stethoscope, 

or any other optical or non-optical sensor. Examples of digital image are: 

● digital photographs 

● satellite images 

● radiological images (x-rays, mammograms) 

● binary images, fax images, engineering drawings 

Computer graphics, CAD drawings, and vector graphics in general are not 

considered in this course even though their reproduction is a possible 

source of an image. In fact, one goal of intermediate level image 

processing may be to reconstruct a model (e.g. vector representation) for a 

given digital image. 
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8.5 SPATIAL AND GRAY-LEVEL RESOLUTION 

Spatial resolution: 

Spatial resolution is a term that refers to the number of pixels utilized in 

construction of a digital image. Images having higher spatial resolution are 

composed with a greater number of pixels than those of lower spatial 

resolution. This interactive tutorial explores variations in digital image 

spatial resolution, and how these values affect the final appearance of the 

image. 

      

                    Specimen image    Processed image 

The tutorial initializes with a randomly selected specimen imaged in the 

microscope appearing in the left-hand window entitled Specimen Image. 

Each specimen name includes, in parentheses, an abbreviation designating 

the contrast mechanism employed in obtaining the image. The following 

nomenclature is used: (FL), fluorescence; (BF), brightfield; (DF), 

darkfield; (PC), phase contrast; (DIC), differential interference contrast 

(Nomarski); (HMC), Hoffman modulation contrast; and (POL), polarized 

light. Visitors will note that specimens captured using the various 

techniques available in optical microscopy behave differently during 

image processing in the tutorial. 

Adjacent to the Specimen Image window is a Spatial Resolution window 

that displays the captured image at varying resolutions, which are 

selectable with the Pixel Dimensions slider. To operate the tutorial, select 

an image from the Choose A Specimen pull-down menu, and vary the 

pixel dimensions (and spatial resolution) with the Pixel Dimensions slider. 

The number of pixels utilized in the horizontal and vertical axes of the 

image is presented directly beneath the slider, as is the total number of 

pixels employed in the entire image composition. Available in the tutorial 

are both full color and grayscale images that can be selected using the 

Color Images or Grayscale Images radio buttons located beneath the 

Specimen Image window. 

The spatial resolution of a digital image is related to the spatial density of 

the image and optical resolution of the microscope used to capture the 

image. The number of pixels contained in a digital image and the distance 

between each pixel (known as the sampling interval) are a function of the 

accuracy of the digitizing device. The optical resolution is a measure of 
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the microscope's ability to resolve the details present in the original 

specimen, and is related to the quality of the optics, sensor, and electronics 

in addition to the spatial density (the number of pixels in the digital 

image). In situations where the optical resolution of the microscope is 

superior to the spatial density, then the spatial resolution of the resulting 

digital image is limited only by the spatial density. 

All details contained in a digital image, ranging from very coarse to 

extremely fine, are composed of brightness transitions that cycle between 

various levels of light and dark. The cycle rate between brightness 

transitions is known as the spatial frequency of the image, with higher 

rates corresponding to higher spatial frequencies. Varying levels of 

brightness in specimens observed through the microscope are common, 

with the background usually consisting of a uniform intensity and the 

specimen exhibiting a spectrum of brightness levels. In areas where the 

intensity is relatively constant (such as the background), the spatial 

frequency varies only slightly across the viewfield. Alternatively, many 

specimen details often exhibit extremes of light and dark with a wide 

gamut of intensities in between. 

The numerical value of each pixel in the digital image represents the 

intensity of the optical image averaged over the sampling interval. Thus, 

background intensity will consist of a relatively uniform mixture of pixels, 

while the specimen will often contain pixels with values ranging from 

very dark to very light. The ability of a digital camera system to accurately 

capture all of these details is dependent upon the sampling interval. 

Features seen in the microscope that are smaller than the digital sampling 

interval (have a high spatial frequency) will not be represented accurately 

in the digital image. The Nyquist criterion requires a sampling interval 

equal to twice the highest specimen spatial frequency to accurately 

preserve the spatial resolution in the resulting digital image. An equivalent 

measure is Shannon's sampling theorem, which states that the digitizing 

device must utilize a sampling interval that is no greater than one-half the 

size of the smallest resolvable feature of the optical image. Therefore, to 

capture the smallest degree of detail present in a specimen, sampling 

frequency must be sufficient so that two samples are collected for each 

feature, guaranteeing that both light and dark portions of the spatial period 

are gathered by the imaging device. 

If sampling of the specimen occurs at an interval beneath that required by 

either the Nyquist criterion or Shannon theorem, details with high spatial 

frequency will not be accurately represented in the final digital image. In 

the optical microscope, the Abbe limit of resolution for optical images is 

0.22 micrometers, meaning that a digitizer must be capable of sampling at 

intervals that correspond in the specimen space to 0.11 micrometers or 

less. A digitizer that samples the specimen at 512 points per horizontal 

scan line would produce a maximum horizontal field of view of about 56 

micrometers (512 x 0.11 micrometers). If too few pixels are utilized in 

sample acquisition, then all of the spatial details comprising the specimen 

will not be present in the final image. Conversely, if too many pixels are 

gathered by the imaging device (often as a result of excessive optical 
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magnification), no additional spatial information is afforded, and the 

image is said to have been oversampled. The extra pixels do not 

theoretically contribute to the spatial resolution, but can often help 

improve the accuracy of feature measurements taken from a digital image. 

To ensure adequate sampling for high-resolution imaging, an interval of 

2.5 to 3 samples for the smallest resolvable feature is suggested. 

A majority of digital cameras coupled to modern microscopes have a fixed 

minimum sampling interval, which cannot be adjusted to match the 

specimen's spatial frequency. It is important to choose a camera and 

digitizer combination that can meet the minimum spatial resolution 

requirements of the microscope magnification and specimen features. If 

the sampling interval exceeds that necessary for a particular specimen, the 

resulting digital image will contain more data than is needed, but no 

spatial information will be lost. 

When operating the tutorial, as the Pixel Dimensions slider is moved to 

the right, the spatial frequency of the digital image is linearly reduced. The 

spatial frequencies utilized range from 175 x 175 pixels (30,625 total 

pixels) down to 7 x 7 pixels (49 total pixels) to provide a wide latitude of 

possible resolutions within the frequency domain. As the slider is moved 

to the right (reducing the number of pixels in the digital image), specimen 

details are sampled at increasingly lower spatial frequencies and image 

detail is lost. At the lower spatial frequencies, pixel blocking occurs (often 

referred to as pixelation) and masks most of the image features. 

Gray-level resolution: 

When describing digital images, gray-level resolution is a term that refers 

to the number of shades of gray utilized in preparing the image for display. 

Digital images having higher gray-level resolution are composed with a 

larger number of gray shades and are displayed at a greater bit depth than 

those of lower gray-level resolution.     

     

                     Specimen image         Processed image (7 bits 128  

                                                      Gray levels) 

This interactive tutorial explores variations in digital image gray-level 

resolution, and how these variations affect the appearance of the image. 

The tutorial initializes with a randomly selected specimen (imaged in the 

microscope) appearing in the left-hand window entitled Specimen Image. 
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Each specimen name includes, in parentheses, an abbreviation designating 

the contrast mechanism employed in obtaining the image. The following 

nomenclature is used: (FL), fluorescence; (BF), brightfield; (DF), 

darkfield; (PC), phase contrast; (DIC), differential interference contrast 

(Nomarski); (HMC), Hoffman modulation contrast; and (POL), polarized 

light. Visitors will note that specimens captured using the various 

techniques available in optical microscopy behave differently during 

image processing in the tutorial. 

Adjacent to the Specimen Image window is a Current Resolution window 

that displays the captured image at various gray-level resolutions that are 

adjustable with the Grayscale Bit Depth slider. To operate the tutorial, 

select an image from the Choose A Specimen pull-down menu, and vary 

the gray-level resolution with the Grayscale Bit Depth slider. The number 

of bits utilized in the displayed image is presented directly above the 

slider, as is the total number of gray levels. 

The gray-level resolution of a digital image is related to the gray-level 

intensity of the optical image and the accuracy of the digitizing device 

used to capture the optical image. The gray-level intensity of an optical 

image refers to the amount of light energy actually reflected from or 

transmitted through the physical specimen. The range of gray levels 

utilized in creating a digital image is known as the intrascene dynamic 

range of the image, and is a function of both the gray-level intensity of the 

optical image as magnified by the microscope and the accuracy of the 

camera system used to capture the image. This gray-level range is 

commonly represented by the image grayscale (intensity) histogram. 

The optical image is captured by the camera in a process called sampling. 

The number of pixels contained in a digital image is governed by the 

distance between each pixel, termed the sampling interval, which is a 

function of the accuracy of the digitizing device. The numerical value of 

each pixel in the digital image represents the intensity of the optical image 

averaged over the sampling interval. In the sampling process, the gray-

level intensity of each sample of the optical image is measured as an 

analog signal by the camera. Following the sampling process, each image 

sample is quantized from an analog signal into a digital brightness value 

by a device known as an Analog to Digital converter (or A/D converter). 

The accuracy of each digital value is dependent in part upon the number of 

bits available to the quantizer to represent the analog signal. The number 

of bits available to the quantizer determines the number of shades of gray 

that will be used to represent the brightness levels of the image. 

In the tutorial, as the Grayscale Bit Depth slider is moved to the left, the 

number of bits used to display the image in the Current Resolution 

window decreases. The result is that the image begins to take on a 

mechanical appearance with significantly less detail. This phenomenon is 

termed gray-level contouring or posterization. Gray-level contouring 

becomes apparent in the background regions first, where gray levels tend 

to vary more gradually, and is indicative of inadequate gray-level 

resolution. For a majority of the typical applications in optical microscopy, 
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6- or 7-bit resolution is usually adequate for a visually pleasing digital 

image. The tutorial allows a maximum display of 7 bits because on most 

computers, a Web browser limits the displayed grayscale range to 5 or 6 

bits, regardless of the computer screen resolution. Therefore, effects 

occurring in digital images at higher resolutions will not be apparent in the 

tutorial. However, for many quantitative applications in microscopy (such 

as high-resolution fluorescence), bit depths of 10, 12, or even higher 

(1024, 4096, or more gray levels), are necessary to capture and display all 

of the important specimen details. For this reason, it is often desirable to 

use the highest available camera resolution when capturing images in the 

microscope. 

Image processing algorithms, such as background subtraction, 

compression, and histogram manipulation, which are often performed 

prior to display or printing can cause a loss of bit depth in the processed 

image. For applications requiring image deconvolution, feature 

classification, measurement, or other image analysis techniques, high bit 

depth is essential. X-ray imaging usually requires 12-bit gray-level 

resolution, due to the very fine differences in brightness that exist in these 

images, and optical densitometry involving high densities requires at least 

12 to 14 bits. Because the number of bits available to the quantizing 

device is typically fixed, it is important to choose a digital camera or other 

digitizing device with brightness resolution that is adequate for the 

application. 

8.6 SUMMARY  

Upon Successfully completing the course, the student should: 

 Have the skill base necessary to further explore advanced topics of 

Digital Image Processing.Be in a position to make a positive 

professional contribution in the field of Digital Image Processing. 

 At the end of the course the student should have a clear impression of 

the breadth and practical scope of Digital Image Processing and have 

arrived at a level of understanding that is the foundation for most of 

the work currently underway in this field. 

8.7 UNIT AND QUESTIONS 

Q.1 What is mean by pixel resolution 

Q.2 Define digital image processing. 

Q.3 What are the step involved in DIP?  

Q.4 Component of DIP? 
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9  
IMAGE ENHANCEMENT TECHNIQUES 

PART I 

Unit Structure 

9.0  Objectives 

9.1   Image Enhancement in the Spatial Domain 

9.2    Some Basic Intensity Transformation Functions: Image Negatives 

9.3    Log Transformations, and Power Law Transformations 

9.4 Summary 

9.5 Unit and Questions 

9.6  References 

Piecewise- Linear Transformation Functions: Contrast stretching, Gray-

level slicing, Bit plane slicing 

9.0 OBJECTIVES 

Principle objective of Image enhancement is to process an image so that 

result is more suitable than original image for specific application. Digital 

image enhancement techniques provide a multitude of choices for 

improving the visual quality of images. Appropriate choice of such 

techniques is greatly influenced by the imaging modality, task at hand and 

viewing conditions.  The Chapter will provide an overview of underlying 

concepts, along with algorithms commonly used for image enhancement. 

Chapter  focuses on spatial domain techniques for image enhancement, 

with particular reference to point processing methods and histogram 

processing. 

9.1 IMAGE ENHANCEMENT IN THE SPATIAL 

DOMAIN 

Image enhancement approaches fall into two broad categories: spatial 

domain methods and frequency domain methods. The term spatial domain 

refers to the image plane itself, and approaches in this category are based 

on direct manipulation of pixels in an image. Frequency domain 

processing techniques are based on modifying the Fourier transform of an 

image. Spatial methods are covered in this chapter, and frequency domain 

enhancement. Enhancement techniques based on various combinations of 

methods from these two categories are not unusual. We note also that 

many of the fundamental techniques introduced in this chapter in the 

context of enhancement are used in subsequent chapters for a variety of 

other image processing applications. 
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There is no general theory of image enhancement. When an image is 

processed for visual interpretation, the viewer is the ultimate judge of how 

well a particular method works. Visual evaluation of image quality is a 

highly subjective process, thus making the definition of a “good image” an 

elusive standard by which to compare algorithm performance. When the 

problem is one of processing images for machine perception, the 

evaluation task is somewhat easier. For example, in dealing with a 

character recognition application, and leaving aside other issues such as 

computational requirements, the best image processing method would be 

the one yielding the best machine recognition results. However, even in 

situations when a clear-cut criterion of performance can be imposed on the 

problem, a certain amount of trial and error usually is required before a 

particular image enhancement approach is selected. 

Background: 

As indicated previously, the term spatial domain refers to the aggregate of 

pixels composing an image. Spatial domain methods are procedures that 

operate directly on these pixels. Spatial domain processes will be denoted 

by the expression  

g(x, y)  = TC f(x, y)D (3.1-1) 

where f(x, y) is the input image, g(x, y) is the processed image, and T is an 

operator on f, defined over some neighborhood of (x, y). In addition, T can 

op- erate on a set of input images, such as performing the pixel-by-pixel 

sum of K images for noise reduction, as discussed in Section 3.4.2. 

The principal approach in defining a neighborhood about a point (x, y) is 

to use a square or rectangular subimage area centered at (x, y), as Fig. 3.1 

shows. The center of the subimage is moved from pixel to pixel starting, 

say, at the top left corner. The operator T is applied at each location (x, y) 

to yield the output, g, at that location. The process utilizes only the pixels 

in the area of the image spanned by the neighborhood. Although other 

neighborhood shapes, such as ap-Origin y  

 

FIGURE 3.1 A 3*3 neighborhood about a point (x, y) in an image. 

 

Image f(x, y) 

(x, y) 
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proximations to a circle, sometimes are used, square and rectangular 

arrays are by far the most predominant because of their ease of 

implementation. 

The simplest form of T is when the neighborhood is of size 1*1 (that is, a 

single pixel). In this case, g depends only on the value of f at (x, y), and T 

be- comes a gray-level (also called an intensity or mapping) 

transformation function of the form 

s = T(r)       (3.1-2) 

where, for simplicity in notation, r and s are variables denoting, 

respectively, the gray level of f(x, y) and g(x, y) at any point (x, y). For 

example, if T(r) has the form shown in Fig. 3.2(a), the effect of this 

transformation would be to pro- duce an image of higher contrast than the 

original by darkening the levels below m and brightening the levels above 

m in the original image. In this technique, known as contrast stretching, 

the values of r below m are compressed by the transformation function 

into a narrow range of s, toward black. The opposite effect takes place for 

values of r above m. In the limiting case shown in Fig. 3.2(b), T(r) 

produces a two-level (binary) image. A mapping of this form is called a 

thresholding function. Some fairly simple, yet powerful, processing 

approaches can be formulated with gray-level transformations. Because 

enhancement at any point in an image depends only on the gray level at 

that point, techniques in this category often are referred to as point 

processing. 

Larger neighborhoods allow considerably more flexibility. The general ap- 

proach is to use a function of the values of f in a predefined neighborhood 

of (x, y) to determine the value of g at (x, y). One of the principal 

approaches in this formulation is based on the use of so-called masks (also 

referred to as filters, kernels, templates, or windows). Basically, a mask is 

a small (say, 3*3) 2-D array, such as the one shown in Fig. 3.1, in which 

the values of the mask coefficients determine the nature of the process, 

such as image sharpening. En-hancement techniques based on this type of 

approach often are referred to as mask processing or filtering. These 

concepts are discussed in Section 3.5.a b 

  

 



 

 163 

Computer Graphics  

 
Gray-level slicing: 

Highlighting a specific range of gray levels in an image often is desired. 

Applications include enhancing features such as masses of water in 

satellite imagery and enhancing flaws in X-ray images. There are several 

ways of doing level slicing, but most of them are variations of two basic 

themes. One approach is to dis- play a high value for all gray levels in the 

range of interest and a low value for all other gray levels. This 

transformation, shown in Fig. 3.11(a), produces a binary image. The 

second approach, based on the transformation shown in Fig. 3.11(b), 

brightens the desired range of gray levels but preserves the background 

and gray-level tonalities in the image. Figure 3.11(c) shows a gray-scale 

image, and Fig. 3.11(d) shows the result of using the transformation in 

Fig. 3.11(a). Variations of the two transformations shown in Fig. 3.11 are 

easy to formulate. 

Bit-plane slicing: 

Instead of highlighting gray-level ranges, highlighting the contribution 

made to total image appearance by specific bits might be desired. Suppose 

that each pixel in an image is represented by 8 bits. Imagine that the image 

is composed of eight 1-bit planes, ranging from bit-plane 0 for the least 

significant bit to bit- plane 7 for the most significant bit. In terms of 8-bit 

bytes, plane 0 contains all the lowest order bits in the bytes comprising the 

pixels in the image and plane 7 contains all the high-order bits. Figure 

3.12 illustrates these ideas, and Fig. 3.14 shows the various bit planes for 

the image shown in Fig. 3.13. Note that the higher-order bits (especially 

the top four) contain the majority of the visually significant data. The 

other bit planes contribute to more subtle details in the image. Separating a 

digital image into its bit planes is useful for analyzing the relative 

importance played by each bit of the image, a process that aids in 

determining the adequacy of the number of bits used to quantize each 

pixel. Also, this type of decomposition is 

Useful for image compression:   
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FIGURE 3.11 

(a) This transformation highlights range [A, B] of gray levels and reduces 

all others  to a constant level. 

(b) This transformation highlights range [A, B] but preserves all other 

levels. 

(c) An image. 

(d) Result of using the transformation in (a). 

In terms of bit-plane extraction for an 8-bit image, it is not difficult to 

show that the (binary) image for bit-plane 7 can be obtained by processing 

the input image with a thresholding gray-level transformation function that 

(1) maps all levels in the image between 0 and 127 to one level (for 

example, 0); and (2) maps all levels between 129 and 255 to another (for 

example, 255). The binary image for bit-plane 7 in Fig. 3.14 was obtained 

in just this manner. It is left as an exercise (Problem 3.3) to obtain the 

gray-level transformation functions that would yield the other bit planes. 

 

FIGURE 3.12 

Bit-plane representation of an 8-bit image. 

 

FIGURE 3.13 An 8-bit fractal image. (A fractal is an image generated 

from mathematical expressions). (Courtesy of Ms. Melissa D. Binde, 

Swarthmore College, Swarthmore, PA.) 

 
One 8-bit byte 

(most significant) 

 

Bit-plane 0 

(least 
significant) 

 

Bit-plane 7 
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9.2  SOME BASIC INTENSITY TRANSFORMATION 

FUNCTIONS: IMAGE NEGATIVES  

Some Basic Gray Level Transformations: 

We begin the study of image enhancement techniques by discussing gray-

level transformation functions. These are among the simplest of all image 

enhancement techniques. The values of pixels, before and after processing, 

will be denoted by r and s, respectively. As indicated in the previous 

section, these values are related by an expression of the form s=T(r), 

where T is a transformation that maps a pixel value r into a pixel value s. 

Since we are dealing with digital quantities, values of the transformation 

function typically are stored in a one-dimensional array and the mappings 

from r to s are implemented via table lookups. For an 8-bit environment, a 

lookup table containing the values of T will have 256 entries. 

As an introduction to gray-level transformations, consider Fig. 3.3, which 

shows three basic types of functions used frequently for image 

enhancement: linear (negative and identity transformations), logarithmic 

(log and inverse-log transformations), and power-law (nth power and nth 

root transformations). The identity function is the trivial case in which 

output intensities are identical to input intensities. It is included in the 

graph only for completeness. 

Image Negatives: 

The negative of an image with gray levels in the range [0, L-1] is obtained 

by using the negative transformation shown in Fig. 3.3, which is given by 

the expression  

                            s = L - 1 - r.                   (3.2-1) 

 
FIGURE 3.3 

Some basic gray-level transformation functions used for image 

enhancement.  
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a b Figure 3.4 

(a)  Original digital mammogram. 

(b)  Negative image obtained using the negative transformation in Eq. 

(3.2-1).   

(Courtesy of G.E. Medical Systems.) 

Reversing the intensity levels of an image in this manner produces the 

equivalent of a photographic negative. This type of processing is 

particularly suited for enhancing white or gray detail embedded in dark 

regions of an image, especially when the black areas are dominant in size. 

An example is shown in Fig. 3.4. The original image is a digital 

mammogram showing a small lesion. In spite of the fact that the visual 

content is the same in both images, note how much easier it is to analyze 

the breast tissue in the negative image in this particular case. 

9.3  LOG TRANSFORMATIONS, AND POWER LAW 

TRANSFORMATIONS 

Log Transformations: 

The general form of the log transformation shown in Fig. 3.3 is  

s = c log (1 + r)                   (3.2-2)  

where c is a constant, and it is assumed that r  ≥  0. The shape of the log 

curve in Fig. 3.3 shows that this transformation maps a narrow range of 

low gray-level values in the input image into a wider range of output 

levels. The opposite is true of higher values of input levels. We would use 

a transformation of this type to expand the values of dark pixels in an 

image while compressing the higher-level values. The opposite is true of 

the inverse log transformation. 

Any curve having the general shape of the log functions shown in Fig. 3.3 

would accomplish this spreading/compressing of gray levels in an image. 

In fact, the power-law transformations discussed in the next section are 

much more versatile for this purpose than the log transformation. 

However, the log function has the important characteristic that it 

compresses the dynamic range of images with large variations in pixel 
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values. A classic illustration of an application in which pixel values have a 

large dynamic range is the Fourier spectrum, which will be discussed in 

Chapter 4. At the moment, we are concerned only with the image 

characteristics of spectra. It is not unusual to encounter a b spectrum 

values. 

 

FIGURE 3.5 

(a) Fourier spectrum. 

(b) Result of applying the log transformation given in 

Eq. (3.2-2) with c=1. 

that range from 0 to 106 or higher. While processing numbers such as 

these pre- sents no problems for a computer, image display systems 

generally will not be able to reproduce faithfully such a wide range of 

intensity values. The net effect is that a significant degree of detail will be 

lost in the display of a typical Fourier spectrum. 

As an illustration of log transformations, Fig. 3.5(a) shows a Fourier 

spectrum with values in the range 0 to 1.5*106. When these values are 

scaled linearly for display in an 8-bit system, the brightest pixels will 

dominate the display, at the expense of lower (and just as important) 

values of the spectrum. The effect of this dominance is illustrated vividly 

by the relatively small area of the image in Fig. 3.5(a) that is not perceived 

as black. If, instead of displaying the values in this manner, we first apply 

Eq. (3.2-2) (with c=1 in this case) to the spectrum values, then the range of 

values of the result become 0 to 6.2, a more manageable number. Figure 

3.5(b) shows the result of scaling this new range linearly and dis- playing 

the spectrum in the same 8-bit display. The wealth of detail visible in this 

image as compared to a straight display of the spectrum is evident from 

these pictures. Most of the Fourier spectra seen in image processing 

publications have been scaled in just this manner. 

Power-Law Transformations: 

Power-law transformations have the basic form  

s = crg    (3.2-3) 
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where c  and  g  are  positive  constants.  Sometimes  Eq.  (3.2-3)  is  

written  as s = c(r + e)g to account for an offset (that is, a measurable 

output when the input is zero). However, offsets typically are an issue of 

display calibration and as a result they are normally ignored in Eq. (3.2-3). 

Plots of s versus r for various values of g are shown in Fig. 3.6. As in the 

case of the log transformation, power-law curves with fractional values of 

g map a narrow range of dark input values into a wider range of output 

values, with the opposite being true for high-  

 

 
 

Input gray level, r 

FIGURE 3.6 Plots of the equation s=crg 

for various values of g (c=1 in all cases). 

ervalues of input levels. Unlike the log function, however, we notice here 

a family of possible transformation curves obtained simply by varying g. 

As e pected, we see in Fig. 3.6 that curves generated with values of g>1 

have exactly the opposite effect as those generated with values of g<1. 

Finally, we note that Eq. (3.2-3) reduces to the identity transformation 

when c=g=1. 

A variety of devices used for image capture, printing, and display respond 

ac- cording to a power law. By convention, the exponent in the power-law 

equation is referred to as gamma [hence our use of this symbol in Eq. (3.2-

3)]. The process used to correct this power-law response phenomena is 

called gamma correction. For example, cathode ray tube (CRT) devices 

have an intensity-to-volt- age response that is a power function, with 

exponents varying from approximately 1.8 to 2.5. With reference to the 

curve for g=2.5 in Fig. 3.6, we see that such display systems would tend to 

produce images that are darker than intended. This effect is illustrated in 

0                    L/2                 3L/4             L-1 

0 

L/4 

L/2 

3L/4 

L-1 
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Fig. 3.7. Figure 3.7(a) shows a simple gray-scale linear wedge input into a 

CRT monitor. As expected, the output of the monitor appears darker than 

the input, as shown in Fig. 3.7(b). Gamma cor- rection in this case is 

straightforward. All we need to do is preprocess the input image before 

inputting it into the monitor by performing the transformation 

s = r1/2.5 = r0.4. The result is shown in Fig. 3.7(c). When input into the 

same monitor, this gamma-corrected input produces an output that is close 

in appearance to the original image, as shown in Fig. 3.7(d). A similar 

analysis would .  

Image as viewed on monitor    

 

Image as viewed on monitor 

 

 

FIGURE 3.7 

(a) Linear-wedge gray-scale image. 

(b) Response of monitor to linear wedge. 

(c) Gamma- corrected wedge. 

(d) Output of monitor. 

Example 3.1: Contrast enhancement using power-law transformations. 

to other imaging devices such as scanners and printers. The only 

difference would be the device-dependent value of gamma (Poynton 

[1996]). 

Gamma correction is important if displaying an image accurately on a 

computer screen is of concern. Images that are not corrected properly can 

 

Monitor 
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look either bleached out, or, what is more likely, too dark. Trying to 

reproduce colors accurately also requires some knowledge of gamma 

correction because varying the value of gamma correction changes not 

only the brightness, but also the ratios of red to green to blue. Gamma 

correction has become increasingly important in the past few years, as use 

of digital images for commercial purposes over the Internet has increased. 

It is not unusual that images created for a popular Web site will be viewed 

by millions of people, the majority of whom will have different monitors 

and/or monitor settings. Some computer systems even have partial gamma 

correction built in. Also, current image standards do not contain the value 

of gamma with which an image was created, thus complicating the issue 

further. Given these constraints, a reasonable approach when storing 

images in a Web site is to preprocess the images with a gamma that 

represents an “average” of the types of monitors and computer systems 

that one expects in the open market at any given point in time. 

 ■ In addition to gamma correction, power-law transformations are 

useful for general-purpose contrast manipulation. Figure 3.8(a) shows a 

magnetic reso- nance (MR) image of an upper thoracic human spine with a 

fracture dislocation  
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a b Figure 3.8 

(a) Magnetic resonance (MR) image of a fractured human spine 

(b)  –(d) Results of applying the transformation in Eq. (3.2-3) with c=1   

and g=0.6, 0.4, and0.3, respectively. (Original image for this example 

courtesy of Dr. David R. Pickens, Department of Radiology and 

Radiological Sciences, Vanderbilt University Medical Center.) 

and spinal cord impingement. The fracture is visible near the vertical 

center of the spine, approximately one-fourth of the way down from the 

top of the pic- ture. Since the given image is predominantly dark, an 

expansion of gray levels are desirable. This can be accomplished with a 

power-law transformation with a fractional exponent. The other images 

shown in the Figure were obtained by processing Fig. 3.8(a) with the 

power-law transformation function of Eq. (3.2-3). The values of gamma 

corresponding to images (b) through (d) are 0.6, 0.4, and 0.3, respectively 

(the value of c was 1 in all cases). We note that, as gamma de- creased 

from 0.6 to 0.4, more detail became visible. A further decrease of gamma 

to 0.3 enhanced a little more detail in the background, but began to reduce 

con- trast to the point where the image started to have a very slight 

“washed-out” look, especially in the background. By comparing all 

results, we see that the best enhancement in terms of contrast and 

discernable detail was obtained with g=0.4. A value of g=0.3 is an 

approximate limit below which contrast in this particular image would be 

reduced to an unacceptable level.   

Example 3.2: Another illustration of power-law transformations. 

Figure 3.9 (a) shows the opposite problem of Fig. 3.8(a). The image to be 

en-hanced now has a washed-out appearance, indicating that a 

compression of gray levels is desirable. This can be accomplished with 

Eq. (3.2-3) using values of g greater than 1. The results of processing Fig. 

3.9(a) with g=3.0, 4.0, and 5.0 are shown in Figs. 3.9(b) through (d). 

Suitable results were obtained with gamma values of 3.0 and 4.0, the latter 
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having a slightly more appealing appearance be- cause it has higher 

contrast. The result obtained with g=5.0 has areas that are too dark, in 

which some detail is lost. The dark region to the left of the main road in 

the upper left quadrant is an example of such an area.  

 

a b Figure 3.9 

Aerial image. (b)–(d) Results of applying the transformation in Eq. (3.2-3) 

with c=1   and g=3.0, 4.0, and 5.0, respectively. (Original image for this 

example courtesy of NASA.) 

9.4  PIECEWISE- LINEAR TRANSFORMATION 

FUNCTIONS: CONTRAST STRETCHING, GRAY-

LEVEL SLICING, BIT PLANE SLICING 

Piecewise-Linear Transformation Functions: 

The principal advantage of piecewise linear functions over the types of 

functions we have discussed above is that the form of piecewise functions 

can be arbitrarily complex. In fact, as we will see shortly, a practical 

implementation of some important transformations can be formulated only 

as piecewise functions. The principal disadvantage of piecewise functions 

is that their specification requires considerably more user input. 
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Contrast stretching: 

One of the simplest piecewise linear functions is a contrast-stretching 

transformation. Low- contrast images can result from poor illumination, 

lack of dynamic range in the imaging sensor, or even wrong setting of a 

lens aperture during image acquisition. The idea behind contrast stretching 

is to increase the dynamic range of the gray levels in the image being 

processed. 

Figure 1.3 (a) shows a typical transformation used for contrast stretching. 

The locations of points (r1 , s1) and (r2 , s2) control the shape of the 

transformation  

 

Fig.1.3 Contrast Stretching 

(a)  Form of Transformation function  

(b)  A low-contrast image 

(c)  Result of contrast stretching  

(d)  Result of thresholding. 

function. If r1=s1 and r2=s2, the transformation is a linear function that 

produces no changes in gray levels. If r1=r2,s1=0 and s2=L-1, the 

transformation becomes a thresholding function that creates a binary 

image, as illustrated in Fig. 1.3 (b). Intermediate values of (r1 , s1) and (r2, 

s2) produce various degrees of spread in the gray levels of the output 

image, thus affecting its contrast. In general, r1 ≤ r2 and s1 ≤ s2 is 

assumed so that the function is single valued and monotonically 

increasing. This condition preserves the order of gray levels, thus 

preventing the creation of intensity artifacts in the processed image. 

Figure 1.3 (b) shows an 8-bit image with low contrast. Fig. 1.3(c) shows 

the result of contrast stretching, obtained by setting (r1 , s1) = (rmin , 0) 
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and (r2 , s2) = (rmax , L-1) where rmin and rmax denote the minimum and 

maximum gray levels in the image, respectively. Thus, the transformation 

function stretched the levels linearly from their original range to the full 

range [0, L-1]. Finally, Fig. 1.3 (d) shows the result of using the 

thresholding function defined previously, with r1 = r2 = m, the mean gray 

level in the image. The original image on which these results are based is a 

scanning electron microscope image of pollen, magnified approximately 

700 times. 

Gray-level slicing: 

Highlighting a specific range of gray levels in an image often is desired. 

Applications include enhancing features such as masses of water in 

satellite imagery and enhancing flaws in X-ray images. There are several 

ways of doing level slicing, but most of them are variations of two basic 

themes.One approach is to display a high value for all gray levels in the 

range of interest and a low value for all other gray levels. This 

transformation, shown in Fig. 1.4 (a), produces a binary image. The 

second approach, based on the transformation shown in Fig. 1.4 (b), 

brightens the desired range of gray levels but preserves the background 

and gray-level tonalities in the image. Figure 1.4(c) shows a gray-scale 

image, and Fig. 1.4 (d) shows the result of using the transformation in Fig. 

1.4 (a).Variations of the two transformations shown in Fig. 1.4 are easy to 

formulate.   

 

Fig.1.4  

(a)  This transformation highlights range [A, B] of gray levels and 

reduce all others to a constant level  

(b)  This transformation highlights range [A, B] but preserves all 

other levels 

(c)  An image  

(d)  Result of using the transformation in (a). Bit-plane slicing: 
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Instead of highlighting gray-level ranges, highlighting the contribution 

made to total image appearance by specific bits might be desired. Suppose 

that each pixel in an image is represented by 8 bits. Imagine that the image 

is composed of eight 1-bit planes, ranging from bit-plane 0 for the least 

significant bit to bit plane 7 for the most significant bit. In terms of 8-bit 

bytes, plane 0 contains all the lowest order bits in the bytes comprising the 

pixels in the image and plane 7 contains all the high-order bits. Figure 1.5 

illustrates these ideas, and Fig. 1.7 shows the various bit planes for the 

image shown in Fig.1.6 . Note that the higher-order bits (especially the top 

four) contain the majority of the visually significant data. The other bit 

planes contribute to more subtle details in the image. Separating a digital 

image into its bit planes is useful for analyzing the relative importance 

played by each bit of the image, a process that aids in determining the 

adequacy of the number of bits used to quantize each pixel. 

 

Fig.1.5 Bit-plane representation of an 8-bit image. 

In terms of bit-plane extraction for an 8-bit image, it is not difficult to 

show that the (binary) image for bit-plane 7 can be obtained by processing 

the input image with a thresholding gray-level transformation function that 

(1) maps all levels in the image between 0 and 127 to one level (for 

example, 0); and (2) maps all levels between 129 and 255 to another (for 

example, 255). 

 

Fig.1.6 An 8-bit fractal image 
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Fig.1.7 The eight bit planes of the image in Fig.1.6. The number at the 

bottom, right of each image identifies the bit plane. 

9.4 SUMMARY 

Principle objective of Image enhancement is to process an image so that 

result is more suitable than original image for specific application. Digital 

image enhancement techniques provide a multitude of choices for 

improving the visual quality of images. Appropriate choice of such 

techniques is greatly influenced by the imaging modality, task at hand and 

viewing conditions.  The Chapter will provide an overview of underlying 

concepts, along with algorithms commonly used for image enhancement. 

Chapter focuses on spatial domain techniques for image enhancement, 

with particular reference to point processing methods and histogram 

processing. 

9.5 UNIT AND QUESTIONS  

Q.1  What are spatial domain methods for image enhancement? 

Q.2  How spatial domain is helpful in image enhancement? 

Q.3  What is spatial domain enhancement in digital image processing? 

Q.4  What is spatial enhancement technique? 

Q.5 Basic difference between spatial domain and Frequency domain? 

How Fourier transform work in frequency domain.  
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Unit Structure 

10.0  Objectives 

10.1 Introduction to Histogram, 

10.2 Image Histogram and Histogram Equalization, 

10.3 Image Subtraction and Image Averaging 

10.4  Summary 

10.5  Unit and Questions 

10.6  References 

10.0 OBJECTIVES 

Upon completion of all of the activities in this lesson plan as well as the 

discussion topics and quizzes, your students have to be able to: 

● Define a histogram 

● Understand the purposes of a histogram 

● Read/interpret a histogram 

● Create their own histogram 

10.1 INTRODUCTION TO HISTOGRAM 

Histogram of a digital image: 

Histogram Processing: The histogram of a digital image with gray levels 

in the range [0, L-1] is discrete function h(rk) = (nk), where rk is the kth 

gray level and nk is the number of pixels in the image having gray levelrk. 

It is common practice to normalize a histogram by dividing each of its 

values by the total number of pixels in the image, denoted by n. Thus, a 

normalized histogram is given by for k=0,1,…… .,L-1. Loosely speaking, 

p(rk) gives an estimate of the probability of occurrence of gray level rk. 

Note that the sum of all components of a normalized histogram is equal 

to1. 

Histograms are the basis for numerous spatial domain processing 

techniques. Histogram manipulation can be used effectively for image 

enhancement. Histograms are simple to calculate in software and also lend 

themselves to economic hardware implementations, thus making them a 

popular tool for real-time image processing. 

As an introduction to the role of histogram processing in image 

enhancement, consider Fig. 3, which is the pollen image shown in four 
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basic gray-level characteristics: dark, light, low contrast, and high 

contrast. The right side of the figure shows the histograms corresponding 

to these images. 

The horizontal axis of each histogram plot corresponds to gray level 

values, rk. 

The vertical axis corresponds to values of h(rk) = nk or p(rk) = nk/n if the 

values are normalized. Thus, as indicated previously, these histogram plots 

are simply plots of h(rk) = nk versus rk or p(rk) = n k/n versus rk. 

Fig.3 Four basic image types: dark, light, low contrast, high contrast, and 

their corresponding histograms. 

We note in the dark image that the components of the histogram are 

concentrated on the low (dark) side of the gray scale. Similarly, the 

components of the histogram of the bright image are biased toward the 

high side of the gray scale. An image with low contrast has a histogram 

that will be narrow and will be centered toward the middle of the gray 

scale. For a monochrome image this implies a dull, washed-out gray look. 

Finally, we see that the components of the histogram in the high-contrast 

image cover a broad range of the gray scale and, further, that the 

distribution of pixels is not too far from uniform, with very few vertical 

lines being much higher than the others. Intuitively, it is reasonable to 

conclude that an image whose pixels tend to occupy the entire range of 

possible gray levels and, in addition, tend to be distributed uniformly, will 

have an appearance of high contrast and will exhibit a large variety of gray 

tones. The net effect will be an image that shows a great deal of gray-level 

detail and has high dynamic range. It will be shown shortly that it is 

possible to develop a transformation function that can automatically 

achieve this effect, based only on information available in the histogram of 

the input image. 

10.2 IMAGE HISTOGRAM AND HISTOGRAM 

EQUALIZATION 

Histogram of a digital image. 

Histogram Processing: 

The histogram of a digital image with gray levels in the range [0, L-1] is a 

discrete function h(rk) 

= (nk), where rk is the kth gray level and nk is the number of pixels in the 

image having gray level 

rk. It is common practice to normalize a histogram by dividing each of its 

values by the total number of pixels in the image, denoted by n. Thus, a 

normalized histogram is given by for k=0,1,…… .,L-1. Loosely speaking, 

p(rk) gives an estimate of the probability of occurrence of gray level rk. 

Note that the sum of all components of a normalized histogram is equal to 

1. 
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Histograms are the basis for numerous spatial domain processing 

techniques. Histogram manipulation can be used effectively for image 

enhancement. Histograms are simple to calculate in software and also lend 

themselves to economic hardware implementations, thus making them a 

popular tool for real-time image processing. 

As an introduction to the role of histogram processing in image 

enhancement, consider Fig. 3, which is the pollen image shown in four 

basic gray-level characteristics: dark, light, low contrast, and high 

contrast. The right side of the figure shows the histograms corresponding 

to these images. 

The horizontal axis of each histogram plot corresponds to gray level 

values, rk. 

The vertical axis corresponds to values of h(rk) = nk or p(rk) = nk/n if the 

values are normalized. Thus, as indicated previously, these histogram plots 

are simply plots of h(rk) = nk versus rk or p(rk) = n k/n versus rk. 

Fig.3 Four basic image types: dark, light, low contrast, high contrast, and 

their corresponding histograms. 

We note in the dark image that the components of the histogram are 

concentrated on the low (dark) side of the gray scale. Similarly, the 

components of the histogram of the bright image are biased toward the 

high side of the gray scale. An image with low contrast has a histogram 

that will be narrow and will be centered toward the middle of the gray 

scale. For a monochrome image this implies a dull, washed-out gray look. 

Finally, we see that the components of the histogram in the high-contrast 

image cover a broad range of the gray scale and, further, that the 

distribution of pixels is not too far from uniform, with very few vertical 

lines being much higher than the others. Intuitively, it is reasonable to 

conclude that an image whose pixels tend to occupy the entire range of 

possible gray levels and, in addition, tend to be distributed uniformly, will 

have an appearance of high contrast and will exhibit a large variety of gray 

tones. The net effect will be an image that shows a great deal of gray-level 

detail and has high dynamic range. It will be shown shortly that it is 

possible to develop a transformation function that can automatically 

achieve this effect, based only on information available in the histogram of 

the input image. 

Histogram Equalization: 

Consider for a moment continuous functions, and let the variable r 

represent the gray levels of the image to be enhanced. We assume that r 

has been normalized to the interval [0, 1], with r=0 representing black and 

r=1 representing white. Later, we consider a discrete formulation and 

allow pixel values to be in the interval [0, L-1]. For any r satisfying the 

aforementioned conditions, we focus attention on transformations of the 

form  
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that produce a level s for every pixel value r in the original image. For 

reasons that will become obvious shortly, we assume that the 

transformation function T(r) satisfies the following conditions: 

(a)  T(r) is single-valued and monotonically increasing in the interval 0 ≤ r 

≤ 1; and 

(b) 0 ≤ T(r) ≤ 1 for 0 ≤ r ≤ 1. 

The requirement in (a) that T(r) be single valued is needed to guarantee 

that the inverse transformation will exist, and the monotonicity condition 

preserves the increasing order from black to white in the output image.A 

transformation function that is not monotonically increasing could result 

in at least a section of the intensity range being inverted, thus producing 

some inverted gray levels in the output image. Finally, condition (b) 

guarantees that the output gray levels will be in the same range as the 

input levels. Figure 4.1 gives an example of a transformation function that 

satisfies these two conditions.The inverse transformation from s back to r 

is denoted 

 

 It can be shown by example that even if T(r) satisfies conditions (a) and 

(b), it is possible that the corresponding inverse T-1 (s) may fail to be 

single valued. 

 

Fig.4.1 A gray-level increasing. 

valued and monotonically: 

The gray levels in an image may be viewed as random variables in the 

interval [0, 1].One of the most fundamental descriptors of a random 

variable is its probability density function (PDF). Let pr(r) and ps(s) 

denote the probability density functions of random   variables r and s, 

respectively,where the subscripts on p are used to denote that pr and ps are 

different functions.A basic result from an elementary probability theory is 

that, if pr(r) and T(r) are known and T-1 (s) satisfies condition (a), then the 

probability density function ps(s) of the transformed variable s can be 

obtained using a rather simple formula: 

 
 

 

 

 

 

 

 

 

 

 

transformation function that is both single 
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Thus, the probability density function of the transformed variable, s, is 

determined by the gray- level PDF of the input image and by the chosen 

transformation function. A transformation function of particular 

importance in image processing has the form  

 

where w is a dummy variable of integration. The right side of Eq. above is 

recognized as the cumulative distribution function (CDF) of random 

variable r. Since probability density functions are always positive, and 

recalling that the integral of a function is the area under the function, it 

follows that this transformation function is single valued and 

monotonically increasing, and, therefore, satisfies condition (a). Similarly, 

the integral of a probability density function for variables in the range [0, 

1] also is in the range [0, 1], so condition (b) is satisfied as well. 

Given transformation function T(r),we find ps(s) by applying Eq. We 

know from basic calculus (Leibniz’s rule) that the derivative of a definite 

integral with respect to its upper limit is simply the integrand evaluated at 

that limit. In other words, 

 

 Substituting this result for dr/ds, and keeping in mind that all probability 

values are positive, yields  

 

Because ps(s) is a probability density function, it follows that it must be 

zero outside the interval [0, 1] in this case because its integral over all 

values of s must equal 1.We recognize the form of ps(s) as a uniform 

probability density function. Simply stated, we have demonstrated that 

performing the transformation function yields a random variable s 

characterized by a uniform probability density function. It is important to 

note from Eq. discussed above that T(r) depends on pr(r), but, as indicated 
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by Eq. after it, the resulting ps(s) always is uniform, independent of the 

form of pr(r). For discrete values we deal with probabilities and 

summations instead of probability density functions and integrals. The 

probability of occurrence of gray level r in an image is approximated by  

 

where, as noted at the beginning of this section, n is the total number of 

pixels in the image, nk is the number of pixels that have gray level rk, and 

L is the total number of possible gray levels in the image. The discrete 

version of the transformation function given in Eq. is 

 

Thus, a processed (output) image is obtained by mapping each pixel with 

level rk in the input image into a corresponding pixel with level sk in the 

output image. As indicated earlier, a plot of pr (rk) versus rk is called a 

histogram. The transformation (mapping) is called histogram equalization 

or histogram linearization. It is not difficult to show that the 

transformation in Eq. satisfies conditions (a) and (b) stated previously. 

Unlike its continuos counterpart, it cannot be proved in general that this 

discrete transformation will produce the discrete equivalent of a uniform 

probability density function, which would be a uniform histogram. 

 

Fig.4.2 (a) Images from Fig.3 (b) Results of histogram equalization. (c) 

Corresponding histograms. 
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The inverse transformation from s back to r is denoted by  

 

10.3 IMAGE SUBTRACTION AND IMAGE 

AVERAGING 

Local Enhancement: 

The histogram processing methods discussed in the previous two sections 

are global, in the sense that pixels are modified by a transformation 

function based on the gray-level content of an entire image. Although this 

global approach is suitable for overall enhancement, there are cases in 

which it is necessary to enhance details over small areas in an image. The 

number of pixels in these areas may have negligible influence on the 

computation of a global transformation whose shape does not necessarily 

guarantee the desired local enhancement. The solution is to devise 

transformation functions based on the gray-level distribution—or other 

properties—in the neighborhood of every pixel in the image. 

The histogram processing techniques are easily adaptable to local 

enhancement. The procedure is to define a square or rectangular 

neighborhood and move the center of this area from pixel to pixel. At each 

location, the histogram of the points in the neighborhood is computed and 

either a histogram equalization or histogram specification transformation 

function is obtained. This function is finally used to map the gray level of 

the pixel centered in the neighborhood. The center of the neighborhood 

region is then moved to an adjacent pixel location and the procedure is 

repeated. Since only one new row or column of the neighborhood changes 

during a pixel-to-pixel translation of the region, updating the histogram 

obtained in the previous location with the new data introduced at each 

motion step is possible. This approach has obvious advantages over 

repeatedly computing the histogram over all pixels in the neighborhood 

region each time the region is moved one pixel location. Another approach 

used some times to reduce computation is to utilize non overlapping 

regions, but this method usually produces an undesirable checkerboard 

effect. 

Image subtraction: 

The difference between two images f(x, y) and h(x, y), expressed as 

 

 is obtained by computing the difference between all pairs of 

corresponding pixels from f and h. The key usefulness of subtraction is the 

enhancement of differences between images. The higher- order bit planes 

of an image carry a significant amount of visually relevant detail, while 

the lower planes contribute more to fine (often imperceptible) detail. 

Figure 7(a) shows the fractal image used earlier to illustrate the concept of 

bit planes. Figure 7(b) shows the result of discarding (setting to zero) the 
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four least significant bit planes of the original image. The images are 

nearly identical visually, with the exception of a very slight drop in overall 

contrast due to less variability of the graylevel values in the image of Fig. 

7(b).The pixel-by-pixel difference between these two images is shown in 

Fig. 7(c).The differences in pixel values are so small that the difference 

image appears nearly black when displayed on an 8-bit display. In order to 

bring out more detail, we can perform a contrast stretching transformation. 

We chose histogram equalization, but an appropriate power-law 

transformation would have done the job also. The result is shown in Fig. 

7(d). This is a very useful image for evaluating the effect of setting to zero 

the lower-order planes. 

 

Fig.7 (a) Original fractal image (b) Result of setting the four lower-

order bit planes to zero 

(c) Difference between (a) and(b) (d) Histogram equalized difference 

image. 

One of the most commercially successful and beneficial uses of image 

subtraction is in the area of medical imaging called mask mode 

radiography. In this case h(x, y), the mask, is an X-ray image of a region 

of a patient’s body captured by an intensified TV camera (instead of 

traditional X-ray film) located opposite an X-ray source. The procedure 

consists of injecting a contrast medium into the patient’s bloodstream, 

taking a series of images of the same anatomical region as h(x, y), and 

subtracting this mask from the series of incoming images after injection of 

the contrast medium. The net effect of subtracting the mask from each 

sample in the incoming stream of TV images is that the areas that are 

different between f(x, y) and h(x, y) appear in the output image as 

enhanced detail. Because images can be captured at TV rates, this 

procedure in essence gives a movie showing how the contrast medium 

propagates through the various arteries in the area being observed. 
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Image averaging process: 

Consider a noisy image g(x, y) formed by the addition of noise h(x, y) to 

an original image f(x,y); that is,  

 

where the assumption is that at every pair of coordinates (x, y) the noise is 

uncorrelated and has zero average value. The objective of the following 

procedure is to reduce the noise content by adding a set of noisy images, 

{gi (x, y)}. If the noise satisfies the constraints just stated, it can be shown 

that if an image   is formed by averaging K different noisy images,  

Then it follows that  

 

and  

 

Where  is the expected value of and  and  are 

the variances of and η, all at coordinates (x, y). The standard deviation at 

any point in the average image is   

 

As K increases, the above equations indicate that the variability (noise) of 

the pixel values at each location (x, y) decreases. Because  

 this means that   approaches f(x, y) as the 

number of noisy images used in the averaging process increases. In 

practice, the images gi(x, y) must be registered (aligned) in order to avoid 

the introduction of blurring and other artifacts in the output image. 

10.4 SUMMARY 

A histogram is used to summarize discrete or continuous data. In other 

words, it provides a visual interpretation of numerical data by showing the 

number of data points that fall within a specified range of values (called 

“bins”). It is similar to a vertical bar graph. However, a histogram, unlike 

a vertical bar graph, shows no gaps between the bars. 

10.5 UNIT AND QUESTIONS 

Q.1 Define histogram. 

Q.2 What is a Histogram in Statistics? 
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Q.3 What is a Histogram Used For? 

Q.4 What is a Histogram Graph? ... 

Q.5 How do you Construct a Histogram? ... 

Q.6 What is the Difference Between a Bar Graph and a Histogram? ... 

Q.7 What is a Relative Frequency Histogram? ... 

Q.8 How are Histograms Used Around? ... 

Q.9 How does a Histogram Represent Data? 
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