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COMPUTER GRAPHICS
MODULE - |

Overwiew of Computer Graphics System: Video Display DevicBaster Scan SystemdfRkandomi Scan
Systems Graphics Monitors and Workstationsnput Deviced Hardcopy Device$ Graphics Software.

Overview of Computer Graphics System

Computer graphics is oumonly seen as a computer science branch that deals with the computerized
fusion theory and technology. As simple as a triangle outline, a corgrrierated image may represent
scene. The computer has become a powerful tool for producing imagkly @ad economically.

When a computer is used to create images, the same process is followed as creating images man
processods primary computational steps give a

Also on computers, the term cpnoter graphics covers almost everything. Here in the computer graj
programbébs <c¢cl assroom, we think of computer ¢
asrendering. The images can be photos, sketches, animations, or pictures of items im@gitiexy may
be pictures, we cannot see directly, like internal body parts.

We have put a great deal of our time to develop how computer images can replieataiccatenes. We
want objects on computers not only to look more real, but also their ¢olbes more realistic and how
di fferent materials appear. We can call it A

The term computer graphics has been incluglidg texteor
s o0 u rGenenally, the termomputer graphiceefer to the following things:

1 Computer representation and manipulation of image data.

1 Various technologies for creating and manipulating images.

1 Computer graphics study is a siikld of computer science that studies methods for digite
incorporating andananipulating visual content.

The next area of computer graphics that deals with the placement of a triangle israafiémmation.

Here we can use matrices to get the mapping of a triangle in image space. We can also se
transformation matrix toontrol the location and orientation of the displayed image. We can also resi:
triangle.
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COMPUTER GRAPHICS

Definition of Computer Graphics-Computer graphicsan be a series of images which is most often ca
a video or single image. Computer graphighe techology that concerns with designs and pictur
onc omput er s . computartgraphicave lvisual representations of data shown on a monitor n
on acomputer.

AnComputer graphics is the wuse of a c ompesdantehe
pictorial output. o An image in computer grap

Output
device
Frame
- —» Processor —» buffer >
devices i
-
< — - Memory

Types of Computer Graphics
There are two kinds of computer graphicg are

1 Interactive Computer Graphics
1 Non-Interactive Computer Graphics

Interactive Computer Graphics

In interactive computer graphics, users have some controls over the image, i.e., the user can n
changes to the image produced.

Interactive Computer Graphics involves compuiser tweway communication.
For Example:

Pingpong game.

Drawingon touch screens.

Display weather forecast or other moving charts/graphs on the screen.
Animating pictures or graphics in movies.

Graphics animation in video games.

=A =4 =4 -4 -4

Working of Interactive Computer Graphics

The modern display of graphics is very simpl&étdd. It is composed of three components:
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COMPUTER GRAPHICS
T Display controller or video controller
1 Digital memory or frame buffer
1 Television monitor

1. Display controller or video controller-1 t 6s a Memory Buffer and T
pass Fr amentesud tfieenonita. The display controller reads each continuous byte of Me
frame buffer data and converts 006s and 106s i

I n todayds ter m, the display controll ercanbe a
VGA(Video Graphics Array) card with a resolution of 640x480. Display Controller is also capah
displaying the image in colors.

2. Digital memory or frame buffer-This is a place where images and pictures are stored as an array (1
of 0 & 1, O represents darkness, and 1 represents image or picture). It is also called a frame buffer.

I n todayds ter m fRAM (wdeo RAMI, and it helpssto store khé imale iN bit form.
helps to increase the speed of graphics.

3. Televisionmonitor - Monitor helps us to view the display, and they make use of CRT(Cathode ray
technology.

Interface with host computer

(Display (Interaction
commands) data)

v

N Display controller < Keyboard
(DC) —» Mouse

—>»  Video controller —»

Advantages

Superior Quality.

More accurate outcomes or products.

Increased Productivity.

Lower cost of development.

Increases the ability to understantbrmation and interpret patterns significantly.

abrownNpE

Non- Interactive Computer Graphics
Noninteractive computer graphics are also known as passive computer graphics. It is a type of cg

graphics in which the user has no control over the image. The phatumpletely controlled by the
instructions of the program, not by the user.
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COMPUTER GRAPHICS

For Example:

Screersavers.

Map representationf the data.

Graphicelements aresedin thetext,documentandPDF presentation.
Staticimages areisedin mobileapplicatiors andwebsites.
Businesgyraphics are useasbrochurespusinessards,menuof the hotel.

=A =4 =4 -4 4

Representation of graphics
We can represent the graphics by following two ways:

1. Raster (Bitmap) Graphics
2. Vector Graphics

1. Raster Graphics:In raster graphics, thenage is presented as a rectangular grid of colored squares.

Raster images are also called bitmap images. Bitmap images are stored as the collection of small i
dots called pixels.

Bitmap images require high resolution and -afitising for a smab appearance.
For example Paint, Photoshop, etc.

2. Vector Graphics: In vector graphics, the image is represented in the form of continuous georn
objects: line, curve, etc.

Vector images are not based on pixel pattern. They use mathematical faordras line and curves. The

lines and curves can be combined to create an image.

For Examplei PowerPoint, Corel Draw, etc.

Raster Graphics Vector Graphics

0@ @VECTOR
Og BITMAP

Fig: Raster (Composition of Paths) Vector (Composition of Pixels)
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COMPUTER GRAPHICS

Difference between Raster and Vector Graphics:

Raster Graphics Vector Graphics

Raster images are the collection of { The Vector images are composed
pixel. paths.

Scan conversion is required. Scan Conversion is not required.

Vector Graphics are moreostly

Raster Graphics are less costly. compared to raster graphics.

Raster image takes less space to store| Vector image takes more space.

Raster graphics can draw mathemati Vector graphics can only dra
curves, polygons, and boundaries. continuous and smooth lines.

File Extension: .BMP, .TIF, .JPG etc. File Extension:.SVG, .PDF, .Al etc|

Computer graphics is an art of drawing pictures on computer screens with the help of programn

involves computations, creation, and manipulation of data. In other words, we can say thatecom

graphics is a rendering tool for the generation and manipulation of images.
Video Display Devices
Cathode Ray Tube

CRT stands for Cathode ray tube. It is a technology which is used in traditional computer monit
television.

Cathode ray tube ig particular type of vacuum tube that displays images when an electron beam ¢
on the radiant surface.

The primary output device in a graphical system is the video monitor.
Component of CRT:

1 Electron Gun: The electron gun is made up of several eleisiemainly a heating filament (heate
and a cathode.

The electron gun is a source of electrons focused on a narrow beam facing the CRT.

1 Focusing & Accelerating AnodesThese anodes are used to produce a narrow and sharply fo
beam of electrons.
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COMPUTER GRAPHICS

T Horizontal & Vertical Deflection Plates: These plates are used to guide the path of the elegtron
the beam. The plates produce an electromagnetic field that bends the electron beam through the
as it travels.

1 Phosphoruscoated ScreenThe phosphorus coatedreen is used to produce bright spots when the
high-velocity electron beam hits it.

The main element of a video monitor is tbathode Ray TubeCRT, shown in the following illustration.
The operation of CRT is very simple 1

1 The electron gun emits a beafetectronscathode rays.
1 The electron beam passes through focusing and deflection systems that direct it towards speci
positions on the phosphaopated screen.
1 When the beam hits the screen, the phosphor emits a small spot of light at each pogdiecto
by the electron beam.
T It redraws the picture by directing the electron beam back over the same screen points quick

y.

Focusing
System

Y deflect

Connector
Pins \

There are two wayRandom scan and Raster stgnwhich we can display an object on the screen.
Raster Scan

In a raster scan sigsm, the electron beam is swept across the screen, one row at a time from top to botto
As the electron beam moves across each row, the beam intensity is turned on and off to create a patte
illuminated spots.

Picture definition is stored in memoryearcalled th&efresh Buffer or Frame Buffer. This memory area
holds the set of intensity values for all the screen points. Stored intensity values are then retrieved from

refresh buffer and A pseanlmdate tnte aoshowih thegfollaving ilusgrationo n e

Each screen point is referred to gsixel picture elemenor pel. At the end of each scan line, the electron
beam returns to the left side of the screen to begin displaying the next scan line.
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Random Scan/VVector Scan

In this technique, the electron beam is directed only to the part of the screen where the picture is to
rather than scanning from left to right and top to bottom as in raster scan. It is alsvecttedisplay,
stroke-writing display, or calligraphic display.

Picture definition is stored as a set of {si@wing commands in an area of memory referred to asfiesh

e dr

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

file, drawing each compwnt line in turn. After all the linrdrawing commands are processed, the syst
cycles back to the first line command in the list.

Randomscan displays are designed to draw all the component lines of a picture 30 to 60 times each

Application ofComputer Graphics
Computer Graphics has numerous applications,

1 Computer graphics user interfacesGUIsT A g r a p {orerted paradignswanich allows thg
user to interact with a computer.
1 Business presentation graphics "A picture is worth a thousand words".
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COMPUTER GRAPHICS

CartographyT Dr awi ng maps.

Weather Mapsi  R-#nzeImapping, symbolic representations.

Satellite Imagingi Geodesi c i mages.

Photo Enhancemeni Sharpening blurred photos.
Medical imagingt MR s, C A T Nos-iovasivs interraltexamination.
Engineering drawingst me chani cal , eRegacihgrthie blweprints of theywast. |
Typographyl The wuse of ¢ har a-adplacng therhardtgos of thenpagh. u b | |
Architecture 7T Co n s t ans,extteriar sketghdgeplacing the blueprints and hand drawings
of the past.
At Computers provide a new medium for arfi
Trainingt Fl i ght simulators, computer aided i|ns
Entertainmenti Movi es and games.

Simulation and modelingl  Blaeing physical modeling and enactments

=A =4 =4 -4 -4 -4 -4 -4
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Color CRT Monitor: It is similar to a CRT monitor.

The basic idea behind the color CRT monitor is to combine three basic-d®émtsGreen, and Blue. By
using these three colors, we can produce millions of diffeaors.

The two basic color display producing techniques are:

1. Beani Penetration Method: It is used with aandom scanmonitor for displaying pictures. There are
two phosphorus layer&ed and Green are coated inside the screen. The color shown depbods pn
far the electron beam penetrates the phosphorus surface.

A powerful electron beam penetrates the CRT, it passes through the red layer and excites the green |
within. A beam with slow electrons excites only the red layer. A beam with the mediuchaSptectrons,
a mixture of red and green light is emitted to display two more caloasge and yellow.

Green layer

qC. ;
/ Red layer

Electron beams ¢
Intermediate

Layer (Orange & Yellow)

Advantages:

1. Better Resolution
2. Half cost
3. Inexpensive
Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL
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Disadvantages:

1. Only four possible colors
2. Time Consuming

2.Shadow Mask Method: It is used witha raster scanmonitor for displaying pictures. It has more range

of color than the beam penetration method. It is used in television sets and monitors.
Structure:
1. It has three phosphorus color dots at each position of the pixel.
First Dot:Red color
SecondDot: Green color

Third Dot: Blue color

1. It has three different guns. Each for one color.

2. It has a metal screen or plate just before the phosphorus screen,im&red Maw k . 0

3. It also has a shadow grid just behind the phosphorus coated screen with émynhaltriangular
shape.

Working: A Shadow Mask is a metal plate with tiny holes present inside a color monitor.

A Shadow Mask directs the beam by consuming the electrons so that the beam hits only the desir
and displays a resulting picture.

It has three different guns. These guns direct their beams to shadow mask, which allows them to p
a task of a shadow mask to direct the beam on its particular dot on the screen and produce a pictu
screen.

A Shadow Mask can display a wider ganof pictures than beam penetration.

Shadow Mask CRT
Blueiun Red
i ) Red
\ @ 2 ) | Phosphor  Green

Phosphor

Green Gun

Blue

Shadow Mask Frapnee

Phosphor Dots
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COMPUTER GRAPHICS

Advantages:
1. Display a wider range picture.
2. Display realistic images.
3. In-line arrangement of RGB color.

Disadvantages:

Difficult to cover all three beams on the same hole.
Poor Resolution.

Liquid crystal display (LCD ): The LCD depends upon the light modulating properties of liquid cryst
LCD is used in watches and portable computers. LCD requires an AC power supply instead of DC,

difficult to use it in circuits. It generally works on flat panel displaytetogy. LCD consumes less powe

als.
SO il
br

than LED. The LCD screen uses the liquid crystal to turn pixels on or off. Liquid Crystals are a mixture c

solid and liquid. When the current flows inside it, its position changes into the desired color.
For Example: TFT(Thin Film Transistor)
Advantages:

1. Produce a bright image
2. Energy efficient
3. Completely flat screen

Disadvantages:
1. Fixed aspect ratio & Resolution
2. Lower Contrast

3. More Expensive

Light Emitting Diode (LED): LED is a device which emits when current passes through is a
semiconductor device. The size of the LED is small, so we can easily make any display unit by arrg
large number of LEDs. LED consumes more power compared to LCD. LED is used on TV, smartp
motor vehicles, traffic light, etc. LEDsr& powerful in structure, so they are capable of withstand
mechanical pressure. LED also works at high temperatures.

Advantages:

1. The Intensity of light can be controlled.

2. Low operational Voltage.

3. Capable of handling the high temperature.
Disadvantages:

More Power Consuming than LCD.
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COMPUTER GRAPHICS

Direct View Storage Tube (DVST):It is used to store the picture information as a charge distribu
behind the phospharoated screen.There are two guns used in DVST:

1.Primary Gun: It is used to store the picture infornwt.
2.Flood / Secondary Gunilt is used to display a picture on the screen.

Flood

. Electrons
Forcusion and

Deflection System

Flood a
Gun / | _
_/ st 3
. ’," "¢’_
[ 1— | Yo Screen
e 2
\\:\‘\\ . _
\ L N
Primary N
Gun I - Stroge
Writing Grid
B
am Collector
Advantages:

1. Less Time Consuming
2. No Refreshing Required
3. High-Resolution

4. Less Cost

Disadvantages:

1. The specific part of the image cannot be erased.
2. They do not display color.

Plasma Display: It is a type of flat panel display which uses tiny plasma cells. It is also knothe &as
Discharge display

Components of plasma display:

1. Anode:lt is used to deliver a positive voltage. It also has the line wires.

2. Cathode:lt is usedo provide negative voltage to gas cells. It also has fine wires.

3. Gas PlatesThese plates work as capacitors. When we pass the voltage, the cell lights regularly.
4. Fluorescentcells: It contains small pockets of gas liquids when the voltage is p&ssleid neon gas. It
emits light.

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL
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Light ourput a__aAA

Cell off Cell off
Cell on
Cathode
/ Electrofluorescent
% / material
gf Anode
N
A
Glass >
plates
Neon gas filled
Advantages:

1. Wall Mounted
2. Slim
3. Wider angle

Disadvantages:

1. Phosphorus loses luminosity over time.
2. It consumes more electricity than LCD.

3. Large Size

3D Display: It is also called stereoscope display technology. Habkrtology is capable of bringing depth

perception to the viewer. It is used for 3D gaming and 3D TVs.

For Example: Fog Display, Holographic Display, Retina Display Etc.

Advantages:
T Impressive Picture Quality
T High Definition
T Motion Communicates

Disadvantage

1 Expensive
1 Binocular Fusion

Input Devices
Foll owing are some

1 Keyboard
1 Mouse

Dr. D. UDAYA / Assistant Professor
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COMPUTER GRAPHICS

Joy Stick

Light pen

Track Ball

Scanner

Graphic Tablet

Microphone

Magnetic Ink Card Reader(MICR)
Optical Character Reader(OCR)
Bar Code Reader

Optical Mark Readr(OMR)

=A =4 =4 -4 -4 4 -4 - -4 -4

Keyboard

Keyboard is the most common and very popular input device which helps to input data to the compu
layout of the keyboard is like that of traditional typewriter, although there are some additional keys pr|
for performing additioal functions.

2
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/////// =
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Keyboards are of two sizes 84 keys or 101/102 keys, but now keyboards with 104 keys or 108 keys
available for Windows and Internet.

Thekeys on the keyboard are as follows 1

S.No Keys & Description

Typing Keys

1 These keys include the letter keysZAhand digit keys (09) which generally give tl
same layout as that of typewriters.
Numeric Keypad

2 It is used to enter the numeric datacorsor movement. Generally, it consists of a

of 17 keys that are laid out in the same configuration used by most adding me
and calculators.

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL
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COMPUTER GRAPHICS

Function Keys

3 The twelve function keys are present on the keyboard which are arranged in &
thetop of the keyboard. Each function key has a unique meaning and is used fc
specific purpose.

Control keys

4 These keys provide cursor and screen control. It includes four directional arrow
Control keys also include Home, End, Insert, Deld®age Up, Page Dowr
Control(Ctrl), Alternate(Alt), Escape(Esc).

Special Purpose Keys

Keyboard also contains some special purpose keys such as Enter, Shift, Car
Num Lock, Space bar, Tab, and Print Screen.

Mouse

Mouse is the most popular pointidgvice. It is a very famous cursoontrol device having a small paln
size box with a round ball at its base, which senses the movement of the mouse and sends corre
signals to the CPU when the mouse buttons are pressed.

Generally, it has two buttercalled the left and the right button and a wheel is present between the by

A mouse can be used to control the position of the cursor on the screen, but it cannot be used to ¢
into the computer.

O\

\_

Advantages

1 Easyto use
T Not very expensive
T Moves the cursor faster than the arrow keys of the keyboard.

Joystick
Joystick is also a pointing device, which is used to move the cursor position on a monitor screen. It is

having a spherical ball at its both lower and upper ends. The lowerc@hmil moves in a socket. Th
joystick can be moved in all four directions.

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL
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COMPUTER GRAPHICS

The function of the joystick is similar to that of a mouse. It is mainly used in Computer Aided Designini

(CAD) and playing computer games.

Light Pen

Light pen is a pointing déce similar to a pen. It is used to select a displayed menu item or draw pigture:

on the monitor screen. It consists of a photocell and an optical system placed in a small tube.

AL
\‘\‘y' rd

When the tip of a light pen is moved over the monitor screen and the fien tsupressed, its photoce
sensing element detects the screen location and sends the corresponding signal to the CPU.

Track Ball

Track ball is an input device that is mostly used in notebook or laptop computer, instead of a mouse|

a ball whichis half inserted and by moving fingers on the ball, the pointer can be moved.

A

Since the whole device is not moved, a track ball requires less space than a mouse. A track ball ¢

various shapes like a ball, a button, or a square.
Scanner

Scanner i@n input device, which works more like a photocopy machine. It is used when some inforr
is available on paper and it is to be transferred to the hard disk of the computer for further manipula

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL
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COMPUTER GRAPHICS

Scanner captures images from the source which anecitnverted into a digital form that can be stored
the disk. These images can be edited before they are printed.
Digitizer

Digitizer is an input device which converts analog information into digital form. Digitizer can conv
signal from the televien or camera into a series of numbers that could be stored in a computer. Th
be used by the computer to create a picture of whatever the camera had been pointed at.

Digitizer is also known as Tablet or Graphics Tablet as it converts graphicsctoribpdata into binary
inputs. A graphic tablet as digitizer is used for fine works of drawing and image manipulation applic

Microphone

Microphone is an input device to input sound that is then stored in a digital form.

The microphone is usedrfvarious applications such as adding sound to a multimedia presentation
mixing music.

Magnetic Ink Card Reader (MICR)

MICR input device is generally used in banks as there are large number of cheques to be process

on

ert a
By Cé

ation

or fc

ed €

day. The bank's code nuetband cheque number are printed on the cheques with a special type of ink th;

contains particles of magnetic material that are machine readable.
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This reading process is called Magnetic Ink Character Recognition (MICR). The main advantages of MIC
is that it is fast and less error prone.

Optical Character Reader (OCR)

OCR is an input device used to read a printed text.

OCR scans the text optically, character by character, converts them into a machine readable code, and s
the text on the system meny.

Bar Code Readers
Bar Code Reader is a device used for reading bar coded data (data in the form of light and dark lines).

coded data is generally used in labelling goods, numbering the books, etc. It may be a handheld sgann:
may be embedded mstationary scanner.

’ o -
L v ™

Il

890128

m

1

Bar Code Reader scans a bar code image, converts it into an alphanumeric value, which is then fed tc
computer that the bar code reader is connected to.
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Optical Mark Reader (OMR)

OMR is a special type of optical scanner usedecognize the type of mark made by pen or pencil. It is

used where one out of a few alternatives is to be selected and marked.

w OMR-LT40S

PN

It is specially used for checking the answer sheets of examinations having multiple choice question

Output Devices

An output device is a component of hardware or the main physical part of a computer that can be t
and seen. An output device is an electromechanical device.

AThe Computer gives instructions and data f
called as output. o

For Example: Printer, Plotter, Monitor, Projector etc.

Printers:

v

oucl

A printer is a peripheral device which is used to represent the graphics or text on paper. The quality

measured by its resolution. The resolution of any printer isumec$n dot per inch (dpi).

The printer usually works with the computer and connected via a cable. In present, many digital
support printer features so that we can use Bluetoottii, hd cloud technology to print.

Types of Printers

CLASSIFICATION OF PRINTER

Impact Printer Non-Impact Printer
) Dasiy Wheel
Printer Inkjet or Deskjet

Printer

—»  Drum Printer

Laser Printer

“—>» Dot Matrix

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL

devi




COMPUTER GRAPHICS

Some typesf printers are:

1 Impact Printers
T Non-impact Printers

Impact Printers

In impact printers, there is a physical contact established between the print head, ribbartrioide, and
paper.

The printers hit print head on an #iked ribbon than the letterrmts on the paper. Impact printers a
works like a typewriter.

Impact printers print the characters by striking them on the ribbon, which is then pressed on the pay
Characteristics of Impact Printers are the f
T Very low consumable costs
T Verynoisy
T Useful for bulk printing due to low cost
1 There is physical contact with the paper to produce an image

These printers are of two types 1

1 Character printers
1 Line printers

Character Printers
Character printers are the printers which print one charactetime.
These are further divided into two types:

T Dot Matrix Printer(DMP)
1 Daisy Wheel

Dot Matrix Printer
In the market, one of the most popular printers is Dot Matrix Printer. These printers are popular beg
their ease of printing and economicakp. Each character printed is in the form of pattern of dots and |

consists of a Matrix of Pins of size (5*7, 7*9, 9*7 or 9*9) which come out to form a character which is
it is called Dot Matrix Printer.

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL
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COMPUTER GRAPHICS

Advantages
1 Inexpensive
T Widely Used
1 Otherlanguage characters can be printed

Disadvantages

1 Slow Speed
T Poor Quality

Daisy Wheel
Head is lying on a wheel and pins corresponding to characters are like petals of Daisy (flower) which

it is called Daisy Wheel Printer. These printers are genarsdlg for woreprocessing in offices that requirs
a few letters to be sent here and there with very nice quality.

Advantages

1 More reliable than DMP

1 Better quality

1 Fonts of character can be easily changed
Disadvantages

1 Slower than DMP

T Noisy

1 More expensivéhan DMP

Line Printers

Line printers are the printers which print one line at a time.

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL
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These are of two types 1

¢ Drum Printer
¢ Chain Printer

Drum Printer
This printer is like a drum in shape hence it is called drum printer. The surface of the drumeid iditoch
number of tracks. Total tracks are equal to the size of the paper, i.e. for a paper width of 132 cha
drum will have 132 tracks. A character set is embossed on the track. Different character sets availak
market are 48 charactertsé4 and 96 characters set. One rotation of drum prints one line. Drum pr
are fast in speed and can print 300 to 2000 lines per minute.
Advantages

T Very high speed

Disadvantages

1 Very expensive
T Characters fonts cannot be changed

Chain Printer

In thisprinter, a chain of character sets is used, hence it is called Chain Printer. A standard characte
have 48, 64, or 96 characters.

Advantages

1 Character fonts can easily be changed.
1 Different languages can be used with the same printer.

Disadvantages

T Noisy
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Non-impact Printers

Non-impact printers print the characters without using the ribbon. These printers print a complete pa
time, thus they are also called as Page Printers.

These printers are of two types 1

1 Laser Printers
T Inkjet Printers

Characteristics of Nonimpact Printers
T Faster than impact printers
1 They are not noisy
1 High quality
T Supports many fonts and different character size

Laser Printers

These are neimpact page pnters. They use laser lights to produce the dots needed to form the char
to be printed on a page.

Advantages

Very high speed

Very high quality output

Good graphics quality

Supports many fonts and different character size

=A =4 -4 =4

Disadvantages

1 Expensive
1 Cannot be used to produce multiple copies of a document in a single printing
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Inkjet Printers

Inkjet printers are neimpact character printers based on a relatively new technology. They print char

actel

by spraying small drops of ink onto paper. Inkjeinfers produce high quality output with presentable
features.

They make less noise because no hammering is done and these have many styles of printing modes
Color printing is also possible. Some models of Inkjet printers can produce mulppte ob printing also.

Advantages

T High quality printing
T More reliable

Disadvantages

1 Expensive as the cost per page is high
1 Slow as compared to laser printer

Monitors

Monitors, commonly called agisual Display Unit (VDU), are the main output device of angputer. It
forms images from tiny dots, called pixels that are arranged in a rectangular form. The sharpnes
image depends upon the number of pixels.

There are two kinds of viewing screen used for monitors.

1 CathodeRay Tube (CRT)
1 Flat-Panel Display

Cathode-Ray Tube (CRT) Monitor
The CRT display is made up of small picture elements called pixels. The smaller the pixels, the be

image clarity or resolution. It takes more than one illuminated pixel to form a whole character, such
|l et berndéhe word help.
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I

A finite number of characters can be displayed on a screen at once. The screen can be divided intg
of character boxesfixed location on the screen where a standard character can be placed. Most scre
capable of dispiing 80 characters of data horizontally and 25 lines vertically.

There are some disadvantages of CRT 1

1 Largein Size
T High power consumption

Flat-Panel Display Monitor

The flatpanel display refers to a class of video devices that have reduced volume, weight and
requirement in comparison to the CRT. You can haegitbn walls or wear them on your wrists. Curre

Das
rens

pow
nt

uses of flafpanel displays include calculators, video games, monitors, laptop computer, and graphi

display.

Theflatpanel di splay is divided into two categori

T Emissive Displaysi Emi s s i vaee dalices fhat aopvert electrical energy into light. F

example, plasma panel and LED (Ligbmitting Diodes).
1 Non-Emissive Displays  N-emissive displays use optical effects to convert sunlight or light i
some other source into graphics pattefws.example, LCD (LiquieCrystal Device).

Plotters:

or

om

A plotter is a special type of output device. Itis used to print large graphs, large designs on a largerpaper.

Example: Construction maps, engineering drawings, architectural plans, and businéssatbar
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It was invented bji Re mi n gt anil958.a nd o

It is similar to a printer, but it is used to print vector graphics.

Types of Plotter

1. Flatbed Plotter: In a flatbed plotter, the paper is kept in a stationary position on a table or a tr

flatbedplotter has more than one pen and a holder. The pen rotates on the papedapsidad
right-left by the using of a motor.

Every pen has a different color ink, which is used to draw the multicolor des
We can quickly draw the following designs byngsi flatbed printer.

For: Cars, Ships, Airplanes, Dress design, road and highway blueprints, etc.
Advantages of Flatbed Plotter

1. Larger size paper can be used
2. Drawing Quality is similar to an expert

Disadvantages of Flatbed Plotter
1. Slower than printers
2. More Expensive than printers

3. Do not produce higiQuality text printouts

2. Drum Plotter: Itis also calledi Ro | | e r Theledsta trent in this plotter. We can apply the pa
on the drum. When the plotter works, these drums moves back and forth, anedghes drawn.

Drum plotter has more than one pen and penholders. The pens easily moves right to left and left
The movement of pens and drums are controlled by graph plotting program.It is used in industry to [
large drawings (up to AO).

Advantages of Drum Plotter

1. Draw Larger Size image
2. We can print unlimited length of the image

Disadvantages of Drum Plotter

1. Very costly
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Graphics Monitors and Workstations

Graphics Monitor:
i).The name itself giving some idea that, Monitor whichisschpl e of di spl ayi ng f
of the Monitors support Text modes.

il).So Monitors which are capable of showing and supporting Graphics mode along with the Text m

iii).Graphic monitors who can display pictures on its screen, ofseotiracts like an output device. Th
monitors which support the following Graphic applications are said to be Graphic Monitors.

The Graphics Applications include,

A).AnimationSof t war ed s

B).CADSof t war ed s

C).Drawingprograms

D).PaintApplicationprograms

E).PresentatiorGraphicsS o f t w(Bxcedil@wise,creatingpie andbar charts)
F).Desktoppublishing(MS Office, Sharepoints,Documenimanagements)

So by now, you might have got an Idea of what is Graphic Monitor Actually is??

Workstation:

i).Workstation is also a computer which varies generally with other General Computers

Gr

hdes

(S

il).Because these Workstations need good operating power of computer. They must be able to support |

power i.e. it must sustain good graphic capabilities.
iii). These kind of cenputers comes with the following specifications. Unlike normal general computers
consists of,

A).Minimumof 64 Megabyte®f RAM

B).VerygoodResolutionGraphicsscreen

C).HighandLarge Screen

D).GUI GraphicalUserInterface(whichhelpsprogramseaser to useoftheC o mp u Graphiésy

E).VerygoodMassstorageDevicelike Disk Drive

F).Built-in NetworkSupportand manyfactors
iv) We may also notice that, some of the workstations do not have any disk drives in it. So these

disk drives arealled as Diskless workstation.
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v) Workstations took place of and they lie between Personal computer (General Computer
minicomputers as far as Computing power is concerned.
vi) Thesecan be used as both types such as stand system (which only cohsisey and Local area
network. So basically in this LAN kind, workstations are typically connected together one and other

Operating Systemsfor Workstations:

The most generally used common operating systems are,

UNIX:

UNIX is a multitasking operatingystem. Unix Operating System are to be written in High le
programming language, which we can simply say C language. This Unix Operating System is wil
flexible and so most commonly used in Workstations.
Windows NT:

Windows NT is also referred as Wiows New Technology. It is also a most commonly used Opera
system for workstations. This Windows NT highly supports multitasking works and Windows NT h

other versions are such as Windows NT Server and Windows NT Workstation.
Graphics software ard standard
[1 There are mainly two types of graphics software:
1. General programming package
2. Specialpurpose application package

General programming package

vel

h ve

ting

as it

[1 A general programming package provides an extensive set of graphics function that can be used i

high level programming language such as C or FORTRAN.

[1 It includes basic drawing element shape like line, curves, polygon, color of element transformation

etc.
[1 Example:- GL (Graphics Library).

Specialpurpose application package

[1 Specialpurpose application packagre customize for particular application which implement
required facility and provides interface so that user need not to vory about how it will work
(programming). User can simply use it by interfacing with application.

1 Example:- CAD, medical and busess systems.
Coordinate representations

[1 Except few all other general packages are designed to be used with Cartesian coordinate
specifications.
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[1 If coordinate values for a picture are specified is some other reference frame they must be convert
to Carteian coordinate before giving input to graphics package.

[1 Specialpurpose package may allow use of other coordinates which suits application.
1 In general several different Cartesian reference frames are used to construct and display scene.

1 We can constructhspe of object with separate coordinate system called modeling coordinates|or
sometimes local coordinates or master coordinates.

[1 Once individual object shapes have been specified we can place the objects into appropriate
positions called world coordinates.

1 Finally the Worldcoordinates description of the scene is transferred to one or more output device
reference frame for display. ThesDevicdi spl ay ¢
Coordi aeSciérseoen Coordi nateso.

[1 Generally a graphic systemdi converts the wortdoordinates position to normalized device
coordinates. In the range from 0 to 1 before final conversion to specific device coordinates.

1 An initial modeling coordinates position ( Xmc,Ymc) in this illustration is transferred to aedevi
coordinates position(Xdc,Ydc) with the sequence ( Xmc,Ymc)[l ( Xwe,Ywe) [ ( Xne,Ynce)[ (
Xdc,Ydc).

Graphic Function

[1 A general purpose graphics package provides user with Varity of function for creating and
manipulating pictures.

[1 The basic building block®f pictures are referred to as output primitives. They includes character,
string, and geometry entities such as point, straight lines, curved lines, filled areas and shape
defined with arrays of color points.

Uy

(1 Input functions are used for control & prasehe various input device such as mouse, tablet, etc.

[1 Control operations are used to controlling and housekeeping tasks such as clearing display s¢reer
etc.

1 All such inbuilt function which we can use for our purpose are known as graphics function
Software Standard

[1 Primary goal of standardize graphics software is portability so that it can be used in any hardware
systems & avoid rewriting of software program for different system

[ Some of these standards are discuss below

Graphical Kernel System (GKS)

[1 Thissystem was adopted as a first graphics software standard by the international standard
organization (ISO) and various national standard organizations including ANSI.

[1 GKS was originally designed as the two dimensional graphics package and then laterrextassi
developed for three dimensions.

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL




COMPUTER GRAPHICS

PHI GS (Programmer 6s Hierarchical Il nteractivel G

1 PHIGS is extension of GKS. Increased capability for object modeling, color specifications, surface
rendering, and picture manipulation are providedhhGS.

1 Extension of PHIGS called P H1 G®as developed to provide three dimensional surface shading
capabilities not available in PHIGS.
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MODULE - li

Output Primitives: Line Drawing Algorithmé Loading the Frame Buffei Line Fundion i Circle i
Generating Algorithms Attributes of Output Primitives: Line AttributésCurve Attributes Color and
Gray scale levelsArea fill Attributesi Character Attributes Bundled Attributes Inquiry Functions.

Output Primitives

Points and Lines

Point plotting is done by converting a single coordinate position furnished by an application program into

appropriate operations for the output device in use.

Line drawing is done by calculating intermediate positions along the line path betwegretifaed
endpoint positions.

The output device is then directed to fill in those positions between the end points with some color.
For some device such as a pen plotter or random scan display, a straight line can be drawn smoothly
end point to dter.

Digital devices display a straight line segment by plotting discrete points between the two endpoints.
Discrete coordinate positions along the line path are calculated from the equation of the line.

For a raster video display, the line intensity eded in frame buffer at the corresponding pixel positions.
Reading from the frame buffer, the video controller then plots the screen pixels.

Screen locations are referenced with integer values, so plotted positions may only approximate actual
positiors between two specified endpoints.

For example line position of (12.36, 23.87) would be converted to pixel position (12, 24).

This rounding of coordinate values to integers causes lines to be displayed with a stair step appearance

(At he | agegsertedidfigl2.l.as repr

Fig. 2.1:- Stair step effect produced when line is generated as a series of pixel positions.

from

line

The stair step shape is noticeable in low resolution system, and we can improve their appearance somewh:

by displaying them on high resolati system.

More effective techniques for smoothing raster lines are based on adjusting pixel intensities along the
paths.

For raster graphics devidevel algorithms discuss here, object positions are specified directly in integer
device coordinates.

Pixel position will referenced according to sdare number and column number which is illustrated by
following figure.
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[
»

0 1 2 3 4 5 6
Fig. 2.2:- Pixel positions referenced by selime number and column number.

1 To load the specified color into the frame buffer pagicular position, we will assume we have
available lowlevel procedure of the forin" Q¢ w)
1 Similarly for retrieve the current frame buffer intensity we assume to have proca@ni@(w «).

Line Drawing Algorithms

The Line drawing algorithm is a graphical algorithm which is used to represent the line segualisoteata
graphical media, i.e., printer and piteElsed media.

A line contains two points. The point is an important element of a line.
Properties of a Line Drawing Algorithm
There are the following properties of a good Line Drawing Algorithm.

An algorithm should be preciseEach step of the algorithm must be adequately defined.
Finiteness:An algorithm must contain finiteness. It means the algorithm stops after the execution of g
steps.

Easy to understand:An algorithm must help learners to understaredgblution in a more natural way.
Correctness:An algorithm must be in the correct manner.

Effectiveness:The steps of an algorithm must be valid and efficient.

Uniqueness:All steps of an algorithm should be clearly and uniguely defined, and the resultl Hle
based on the given input.

Input: A good algorithm must accept at least one or more input.

Output: An algorithm must generate at least one output.

f
f

=A =4 -4 =4

il
!
Equation of the straight line

We can define a straight line with the help of the following equation.
y=mx +a

Where,

(x, y) = axis of the line.

m = Slope of the line.

a =Interception point
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YA

(P2.q2)

/ a
7 > X
(Pv.ar)

Let us assume we have two points of the Ime ) and 62, gv).

Now, we will put values of the two points in straight line equation, and we get
y=mx+a

2= mpz e(1)
01=mp:+a é(2)

We have from eggtion (1) and (2)
02T g1 = mp2T mp;
Q21 g2=m (P21 p1)
The value ofm = (21 qu)/ (p21p1)
m = z2q [ zp
Algorithms of Line Drawing
There are following algorithms used for drawing a line:

1 DDA (Digital Differential Analyzer) L ine Drawing Algorithm
T Bresenhamdéds Line Drawing Algorithm
f Mid-Point Line Drawing Algorith

DDA (Digital Differential Analyzer) Line Drawing Algorithm

The Digital Differential Analyzer helps us to interpolate the variables on an interval from one poirthir adnt.
We can use the digitalifferential Analyzer algorithm to perform rasterization on polygons, lines, and triangles

Digital Differential Analyzer algorithm is also known as amtremental method of scan conversion. In this
algorithm, we can pesfm the calculation in a step by step manner. We use the previous step result in the ne

As we know the general equation of the straight line is:
y=mx+c

Here,m is the slope ofxi, y1) and(xz, y-).
m = (Y21 y1)/ (X1 X1)

Now, we consider e point(xk, yk) and(Xk+1, Yk+1) as the next point
Then the slopen = (ke T Yk)/ (X2 T X)

Now, we have to find the slope between the starting point and ending point. There can be following three
discuss:
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Case lilf m<1
Thenx coordinate tends to the Unit interval.
Xie1= X + 1
Yir1 =Y+ M
Case 2Ilf m>1
Theny coordinate tends to the Unit interval.
Vir1 =Y+ 1
Xi+1 = Xk + 1/m
Case3ilfm=1
Thenx and y coordinate tend to the Unit interval.
Xer1 =X+ 1
Vie1 =Yk + 1
We can calculate all intermediate points with the help of above thmesdesl cases.

Algorithm of Digital Differential Analyzer (DDA) Line Drawing

Step 1:Start.
Step 2:We consider Starting point &, y1), and endingpoinfxz, V2).
Step 3:Now, we have to calculaie x andz vy .
Z X =Xo>-X1
ZYy=Yyxy1
m = zy/ zX
Step 4:Now, we calculate three cases.
fm<1
Thenx change in Unit Interval
y moves with deviation
(Xk+1, Yie1) = (X+1, Wet1)
fm>1
Thenx moves with deviation
y change in Unit Interval
(Xk+1, Yirr) = (X+1/m, yic+1/m)
fm=1
Thenx moves in Unit Interval
y moves in Unit Interval
(Xke1, Yier) = (4c+1, Wet1)
Step 5 We will repeat step 4 until we find the ending point of the line.
Step 6:Stop.

Example: A line has a starting point (1,7) and ending point (11,17). Apply the Digital Differential Analyzer algot
to plot a line.

Solution: We havetwo coordinates,
Starting Point =(x1, y1) = (1,7)
Ending Point H(xz, y2) = (11,17)

Step 1:First, we calculateg x,z y andm.
ZX = Xxp11-1=10
ZYy=Yy2i y1=177=10

m = zy/zx = 10/10 = 1
Step 2:Now, we calculate the numbef steps.
zx = zy = 10

Then, the number of stepsld

Dr. D. UDAYA / Assistant Professor AAGASC / Department of Computer Science / KKL

ithm



COMPUTER GRAPHICS

Step 3:We getm = 1, Third case is satisfied.

Now move to next step.

Xk Yk Xi+1 Vi1 (Xk+1, Yi+1)

1 7 2 8 (2, 8)
3 9 (3,9)
4 10 (4, 10)
5 11 (5, 11)
6 12 (6, 12)
7 13 (7, 13)
8 14 (8, 14)
9 15 (9, 15)
10 16 (10, 16)
11 17 (11, 17)

Step 4:We will repeat step 3 until we get the endpoints of the line.

Step 5:Stop.

(0,0) 2 4 6 8 10 12

14

16

18

The coordinatesf drawn line are
Pi= (2, 8)
P2=(3,9)
Ps= (4, 10)
Ps= (5, 11)
P5= (6, 12)
Ps= (7, 13)
P-=(8, 14)
Ps=(9, 15)
Py= (10, 16)
Plo: (11, 17)
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Advantages of Digital Differential Analyzer

It is a $mple algorithm to implement.

It is a faster algorithm than the direct line equation.

We cannot use the multiplication method in Digital Differential Analyzer.

Digital Differential Analyzer algorithm tells us about the overflow of the point when the gloamtges its
location.

= =4 -4 =4

Disadvantages of Digital Differential Analyzer
1 The floatingpoint arithmetic implementation of the Digital Differential Analyzer is ticogsuming.
1 The method of roundff is also timeconsuming.
1 Sometimes the point position is natcarate.

Bresenhamdéds Line Drawing Al gorithm

This algorithm was introduced by J ac k E | t o n inB962. $hes ralgoaithmd helps us to perform scan

conversion of a line. It is a powerful, useful, and accurate method. We use incremental integer aaltoldtay a
line. The integer calculations include addition, subtraction, and multiplication.

I n Bresenhamdéds Line Drawi ng a mpbetweer the startingvpint laral the endi
point.

YA
|-
Yk+1 y;;-}‘_ ___-L 'd%'(
Yk »X
oo | 4
Xk Xk+|

As shown in the above figure let, wave initial coordinates of a line x«( y«). The next coordinates of a lime(Xy+1,
Vk+1). The intersection point betwegn andyi.1 = y. Let we assume that the distance betwgemdyy = di. The
distance betweenandyy:1= d>.Now, we have to dede which point is nearest to the intersection point.
If m < 1thenx=x+1 { Unit Interva}

y =yk+1 { Unit Interval
As we know the equation of a line

y=mx+b
Now we put the value of x inthé line equation, then
y = m(%+1) +b eééeée. (1)

The value o=y T i«

Now we put the value af,in equation (1).
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y=m (X+1) +bT yx
Now, we again put the value win the previous equation then we got,

d2= YT y
=y+1i m(xtl)i b

Now, we calculate the difference betwegii d,

If di<d

Thenyi:1 = y« {we will choose the lower pixel as shown in figure
If di=>d,

Thenyi:1 = yi+1 {we will choose the upper pixel as shoin figurg

Now, we calculate the values @fi d>
(diT d2)=m (X+1) +bT ye T ykT 1+ m (%+1) + b

We simplified the above equation and replacedihei t /z
(di7 d2) =2 m (%) -2y + 2b-1

We mul t kgiboth sidk then we got,

Z X (diT d2) =2 X (2m (1) -2yk + 2b-1)

We ¢ o n x{dd € as @ decision paramei@k), so
Pk=2 X (dl'l' dz)

After calculation we got,
Pc=2z yxk+ 22 yi 22 xyx+z x (2b-1)

Then, the next coordinate pf
Pii1= 22 YXe1+ 22 YT 22 Xy +2 X (2b-1)

Now, the difference betwegn.11 pkthen,
Prerl Pk= 22 Y (Xkr1-Xk) T 22 X (Ykr1-Yk)
Prs1= Pr+ 22 Y (Xkr1-Xk) T 22 X (Yir1-Yk) {Decision parameter coordinate}

Now, we put the value of+1in above equation then we got,
Pr1=pPrk+ 22 YT 22 X (Yier T Yk) {New decision parameter when m <1}

Similarly, if m >1, the new decision parameter for next coordinate will be

Prr1= Pt 22 YT 22 X (Xis2 T X) {New decision parameter when m >1}
If px>=0 {For coordinate y}

Then,

Vi1 = Y+l {We will choose the nearest y: pixel}

The next coordinate will be+1, yic+1)

If Pk < 0

Then,

Vi1 = Yk {We will choose the nearest ypixel}

The next coordinate will be+1, W)

Similarly,
If pk>=0 {For coordinate x}
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Then,
Xi+1 = X+l {We will choose the nearest 1 pixel}

The next coordinate will bex+1, yi+1)
If pxk<O

Then,
Xkl = Xk {We will choose the nearest xpixel}

The next coordinatevill be (X, yk+1)

Al gorithm of Bresenhambés Line Drawing Algorithm

Step 1:Start.
Step 2:Now, we consider Starting point @s, y1) and ending poinfxz, y»).
Step 3:Now, we have to calculaie x andz vy .
Z X =XoX1
ZYy=Yyxy1
m = zy/ zX
Step 4:Now, we will calculate the decision parameatewith following formula.
Pk=2 2z & X
Step 5:The initial coordinates dhe line argXxx, y«), and the next coordinates dr-1, yk+1). Now, we are going to
calculate two cases for decision parampter

Case 1:If
pk< 0
Then
P+1=px+ 2 Z Y
Xir1 = Xk +1
Yk+1 = Yk
Case 2: If
pk>=0
Then
Prr1 =Pk + 2 2-§ Z X
Xir1 =Xk +1
Vie1 =Yk +1

Step 6:We will repeat step 5 until we found the ending point of the line and the total number of iteratiris =
Step 7:Stop.

Example: A line has a starting point (9,18) and ending point (14,22). Applythe Brasaths Li ne Dr a
to plot a line.

Solution: We havetwo coordinates,
Starting Point £x1, y1) = (9,18)
Ending Point x(x», y») = (14,22)

Step 1:First, we calculate x,z y .
ZX = Xx»149=5

Z Yy=Yy2i y1=2218 =4

Step 2:Now, we are going to calculate the decision paran{pter
pk=2 z ¥ X
=2x415=3

The value opx= 3

Step 3:Now, we will check both the cases.
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If px>= 0ThenCase 2is satisfied.

Thus
Pre1= Pt 2 2-§ 2 X3+2x4)i1 (2x5)=1
X1 =Xk +1 =9+ 1 =10
Vi1 =Yk +1=18 +1 =19

Step 4:Now move to next step. We will calculate the coordinates until we reach the end point of the line.
zZXx-1=511=4

Px Pk+1 Xk+1 Yk+1
9 18
3 1 10 19
1 -1 11 20
-1 7 12 20
7 5 13 21
5 3 14 22
Step 5:Stop.
A
Ps
24
2/ Ps

;; Py Ps :

18 P

16

14

12

10

8

6

4

2

L T T L T T T T T T T T "

(0,00 2 4 6 8 10 12 14 16 18 20 22 24 ”

The Coordinates of drawn lines are
P1= (9, 18)

P,= (10, 19)

Ps= (11, 20)

Ps= (12, 20)

Ps= (13, 21)

Ps= (14, 22)

Advantages of Bresenham6s Line Drawing Algorithm

{1 Itis simple to implement because it only contains integers.
T Itis quick and incremental
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71 ltis fast to apply but not faster than the Digital Differential Analyzer (DDA) algorithm.
1 The pointing acuracy is higher than the DDA algorithm.

Di sadvantages of Bresenhamés Line Drawing Al gori

T The Bresenhambs Line drawing algorithm only 1}

1 The resulted draw line is not smooth.

Circle generating algorithm

Drawing a circle on th screen is a little complex than drawing a line. There are two popular algorithm
generati nBr e@as en hr a&rhdsandMidgoint GirtlenAbgorithm . These algorithms are
based on the idea of determining the subsequent points required tohdrawcte. Let us discuss the
algorithms in detail 1

The equation of circle iX2+Y2=r2 X2+Y2=r2,where r is radius.
(-b,a) (b,a)

(-b-a)  (b-3)

Bresenhamés Al gorithm

t h

1 e |

s for

We cannot display a continuous arc on the raster display. Instead, we have to choose the nearest [

position tocomplete the arc.

From the following illustration, you can see that we have put the pixelyaX,Y location and now need

to decide where t oX+p\XiXtrl YtohaeSXrdx W+ YellL 1 at N
£
(x.y) ;\ Jﬂ. R

Y "," _:\
-1 AN S{x+1,y-1)
/ O\

P ]
= - \
_,4-:‘3/7; ad ‘LkS'
0 /,'/f

This can be decided by the decision parantter

T If d <=0, then X+1,YX+1,Y is to be chosen as next pixel.
T Ifd>0,thenX+ 1, X+ 1, ¥iobe chosen as the next pixel.
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Algorithm

Stepli Get the coordinates of the center of th
Set P=0 ad Q=R.
Step2i Set deci si oi2ZRparameter D = 3

Step3i Repeat Bhwhudglk Ft Op Q.

Stepd4i Cal | DX, 4RVOXXIPQc | e

Step51 I ncrement the value of P.
Step6i I f D < O then D = D + 4P + 6.
Step7T7 EI|l se SleD=DR+4£1 BR @10.

Step8i Cal | DX, 4RVOXX|PQc | e

Draw Circle Method(X, Y, P, Q).

Call Putpixel (X + P, Y + Q).
Call Putpixel (X-P, Y + Q).
Call Putpixel (X + P, Y- Q).
Call Putpixel (X- P, Y- Q).
Call Putpixel (X + Q, Y + P).
Call Putpixel (X-Q, Y + P).
Call Putpixel (X + Q, Y- P).
Call Putpixel (X-Q, Y- P).

Mid Point Algorithm

Step 11 | n p ut and cadkicantefxc,yc)xc,yc)and obtain the first point on the circumference
the circle centered on the origin as

(X0, Yo) = (0, 1)
Step2i Cal cul ate the initial value of decision

POPO=5/471 r
Seethefollowing descriptionfor simplificationof this equation.

fx,y) =x2+y?-r2=0

f(xi-1U2+eyi+1)
= (Xi- UV2+e*+(yi+1)?-r?
= (Xi- U2)? + (yi + 1)?-r?+ 2(xi - 1/2)e + €
=f(xi-1/2,yi+ 1)+ 2(xi- /2)e+ € =0
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(% -1/2, Yi + 1)

T=0 v +1)

P=(.W)

Letdi =f(xi- 1/2,yi + 1) = -2(xi - 1/2)e- €
Thus

If e<0thendi>0so choose point S(x;-1,yi+1).

Giss =f(Xi-1-12,yi+1+1)=(X-22) -1+ ((yi+1)+1)3>-r?
=di-2(xi-1)+2(yi + 1)+ 1
=di+2(yi+1-Xi+1)+1

If e>=0thendi <=0 so choose point F (x, yi + 1)
div=f(xi- 12, yi+1+1)
=di+ 2M+1 +1

Theinitial valueof di is
do=f(r-21/2,0+1)=(r-12)72+12-r
=5/4-r{1-r can be used r is an integey

Whenpoint S= (xi - 1, yi + 1) is choserthen
di+1 = di + -2Xi+1 + 2y|+1 +1

Whenpoint T= (xi, yi + 1) is choserthen
di+i=di+2y+1+1

Step3i At XXXl si tion starting at K=0, perform

If Pk < 0thennextpoint on circle(0,0) is (Xk+1,Yk) and
Pcri =Pk + 2Xk+1 + 1

Else
Pci1 =Pk +2Xk+1+ 17T 2Yk+1

Where 2Xk+1 = 2Xk+2 and2Yk+1 = 2Yk-2.

Step4i Det e e symmetry poillits in other seven octants.

Step 51 Mo v e each cal culXaEX¥e ontpithee tirculap goath tcenterag
on (XC,YC)(XC,YC) and plot the coordinate values.
X=X+Xc, Y=Y +Yc

Step 61 R e p e&throught5emil X >=Y.
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Attributes of output primitives

Attributes

The featuresor characteristicof anoutput primitiveareknown asAttribute. In otherwords,
anyparametethataffectsthe way a primitive is to bedisplayedis knownasAttribute. Some
attributes, such as colour and size, are basic characteristicsof primitive. Some attributes
controlthebasicdisplaypropertiesof primitives. For example linescan bedottedor dashed,
thin or thick. Areascanbe filled with one colour or with multiple colours patternText can
appearfrom left to right, slantedor vertical.

Line Attributes:

Basic attributes of a straight line are its type, its width, and its colour. In some graphics packages
can also be displayed using selected pen or brush options.

1 Line Type: Theline typeattribute includesolidlines, dashed linesanddotted linesWe
modify the line drawing algorithmto generatesuchlines by settingthe length and space.A
dashedline could be displayedby generatingspacesthat is equalto length of solid part.A
dottedline can bedisplayedby generatingvery shortdasheswith spacingequalto or greater
thanthedashsize. Similar methodareusedto produceotherline-type variations.

Rasterline-algorithms displays line type attribute by plotting pixels. For various dashed,
dottedpatternstheline-drawingalgorithmsoutputspartof pixels followedby spaces. Plotting
dasheswith a fixednumberof pixels resultan unequallengthdashedor differentline angles.
For example,the length of dashdiagonallyis more thanhorizontaldashfor same numbeof
pixels. For precision drawingsdashlength shouldremainapproximatelysamefor any line
angle.Forthis, we canadjustthe pixel number accordingo line slope.

2 Line Width: A line with morewidth canbedisplayal asparallellines onavideo monitor.

In rasterlines, a standardvidth line is generatedvith single pixels at eachpoint. Width lines
aredisplayedby plotting additionalpixels along nextparallelline paths.For lines with slope
less thanl, wecandisplaythick linesby plotting avertical lengthof pixels at eachx position
along the line. Similarly, for lines with slopegreaterthan 1 we can plot thick lines with

horizontalwidths for eachpoint.

The problemwith implementingwidth optionsusinghorizontal and vertical pixel widths is
that the width of line is dependedon the slope. A 45-degreeline will be displayed thinneias
comparedo vertical or horizontalline plotted with samenumberof pixel widths.
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() !

| I
Figum q-3 Fagun'??--l '
: " . . Raster line with slope (m| > 1
Double-wide raster line with slope |m| < 1 generated with and line-width parameter 1w = 4

vertical pixel spans plotted with horizontal pixel spans.

Another problemis thatit produceslines whose ends are eitherhorizontalor vertical. We
canadjustthe shapeof theline endsby addingLine Caps

One kindof line capis the Butt Cap. It is obtainedby adjustingthe end positionsof lines so
thatthethick line is displayedwith squareendsthat areperpendiculato theline. Anotherline
capis the Round Cap obtainedby addingafilled semicircleto eachbutt cap.The semicircle
hasdiameterequalto thicknessof line. Thethird type of line capis theProjecting Square Cap
Here the butt capis extendedo half of line width.

& &

Thick Lines drawn with (a) Butt Cap (b) Round Cap and (c) Projecting Square Cap

Generatingthick connectedine segments requiretherconsiderationsThe methodsthat we

haveconsideredor displayingthick lines will not produce smoothlgonnectedine segments.
It leavesgapsat the boundariesbetweenlines of different slope.There are three possible
methodsfor smoothly joiningtwo line segmentsA Miter Join is obtainedby extendingthe

outerboundarieof eachof thetwo linesuntil they meetA Round Joinis producedoy covering
the connection betweethetwo segmentsvith acircular boundarywhosediameteris equalto

the line width. A Bevel Join is generatedoy displayingthe line with butt capsand filling in

the triangulargap wherethe segmentsmeet.
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Line without Joins Bevel Join
Miter Join RoundJoin

3 Penand Brush Options: In somegraphic packages]ines can be displayedwith penor
brush selection. Optionsn this categoy include shapesize and pattern.Theseshapesare
storedin aPixel Maskthatidentifiesthe pixel positionsthat areto besetalongtheline path.
Lines generatedvith penor brushshapedcanbe displayedn variouswidths by changingthe
sizeof themask.Lines canalsobedisplayed withselectedpatterns.

Custom Document Brushes

¢ = Y S | B Y )
o--\\— ¢
X
X

e e\ / | -
Ole /| -

\‘ Repert

[ ok ) ;
L__A; Figure 4-10

Curved lines drawn with a paint program using various shapes and
patterns. From left to right, the brush shapes are square, round,
diagonal line, dot pattern, and faded airbrush.

Figure 4.7
Penand brush shapes for line display

4. Line Colour: A system displaysline in the current colourby settingthe colour valuein
the frame bufferat pixel locations.The numberof colour choices depends the numberof
bits available perpixel in theframebuffer. A line drawnin the backgroundcolouris invisible.

COLOR AND GRAYSCALE LEVELS

Various color and intensithevel options can be made available to a user, depending on the capabilities
and design objectives of a partiaukystem. General purpose rastean systems, for example, usually
provide a wide range of colors, while randsgan monitors typically offer only a few color choices, if
any. Color options are numerically coded with values ranging from O through thiegogegers. For
CRT monitors, these color codes are then converted to intensity level settings for the electron beams. Wi
color plotters, the codes could controljek deposits or pen selections.

In a color raster system, the number of color chaasedlable depends on the amount of storage provided
per pixel in the frame buffer. Also, colorformation can be stored in the frame buffer in two ways: We
can store color codes directly in the frame buffer, or we can put the color codes in a sdparanel tase
pixel values as an index into this table. With the direct storage scheme, whenever a particular color| cod:
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is specified in an application program, the corresponding binary value is placed in the frame buffer fo

eachcomponent pixel in the dput primitives to be displayed in that color. A minimum number of colot
can be provided in the scheme with 3 bits of storage per pixel, as shown in Table. Each of the th
positions is used to control the intensity level (either on or off) of theegponding electron gun in an
RGB monitor. The leftmost bit controls the red gun, the middle bit controls the green gun, anc
rightmost bit controls the blue gun. Adding more bits per pixel to the frame buffer increases the nu
of color choices. Wit 6 bits per pixel, 2 bits can be used for each gun. This allows four different inten
settings for each of the three color guns, and a total of 64 color values are available for each scree
With a resolution of 1024 by 1024, a falblor (24bitper pixel) RGB system needs 3 megabytes of stora
for the frame buffer. Color tables are an alternate means for providing extended color capabilities to
without requiring large frame buffers. Loweost personal computer systems, in particulagnafise color
tables to reduce frarauffer storage requirements.

COLOR TABLES

Figure 2.1 illustrates a possible scheme for storing color values in a color lookup table (or video Ig
table), where framéuffer values are now used as indices into therdalde. In this example, each pixel
can reference any one of the 256 table positions, and each entry in the table uses 24 bits to specify
color. For the color code 2081, a combination giielele color is displayed for pixel location (X, ).
Systemsemploying this particular lookup table would allow a user to select any 256 colors
simultaneous display from a palette of nearly 17 million colors. Compared to a full color system,
scheme reduces the number of simultaneous colors that can lagetisp

but it also reduces the frame buffer storage requirements to 1 megabyte. Some graphics systems
9 bits per pixel in the frame buffer, permitting a user to select 512 colors that could be used in each d

TABLE 4-1

THE EIGHT RGB COLOR CODES FOR A THREE-BIT PER PIXEL FRAME BUFFER

0 () () () Black
0 0 ] Blue
0 | 0 Green
0 | | Cvan
() ) Red
0 1 Magenta
Yellow
| | White

Jl = LI P e

(Table 2.1, The eight color ced for a thredit per pixel frame buffer)
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r— To Red Gun
» To Green Gun

= To Blue Gun

[5]

P I 1
L 196 2081 | 00000000|00001000[DOD1I00DO01

A color lookup table with 24 bits per entry that is accessed from a frame

buffer with 8 bits per pixel. A value of 196 stored at pixel position (x, y) references the
location in this table containing the hexadecimal value Ox0821 (a decimal value of 2081)
Each 8-bit segment of this entry controls the intensity level of one of the three electron
guns in an RGB monitor.

(Fig: 2:1, Color Lookup Table)

There are several advantages in storing color codes in a lookup table. Use of a color table can pr
"reasonable” number of simultaneous colors without requiring large fraffegd For most applications,
256 or 512 different colors are sufficient for a single picture. Also, table entries can be changed &
time, allowing a user to be able to experiment easily with different color combinations in a design, s
or graph vithout changing the attribute settings for the graphics data structure. Similarly, visualiza
applications can store values for some physical quantity, such as energy, in There are several adv
in storing color codes in a lookup table. Use of dorctable can provide a "reasonable” number o
simultaneous colors without requiring large frame buffers. For most applications, 256 or 512 diffe
colors are sufficient for a single picture. Also, table entries can be changed at any time, allowmirig a U
be able to experiment easily with different color combinations in a design, scene, or graph wi
changing the attribute settings for the graphics data structure. Similarly, visualization application:
store values for some physical quantity,tsas energy, ithe frame buffer and use a lookup table to try
out various color encodings without changing the pixel values. And in visualization andpnoagssing
applications, color tables are a convenient means or setting color thresholds $@tkelt\alues above
or below a specified threshold can be set to the same color. For these reasons, some systems proyv
capabilities for coloicode storage, so that a user can elect either to use color tables or to store color
directly in theframe buffer.

GRAYSCALE

With monitors that have no color capability, color functions can be used in an application program {
the shades of gray, or grayscale, for displayed primitives. Numeric values over the range from 0 to
be used to specifyrgyscale levels, which are then converted to appropriate binary codes for storage i
raster. This allows the intensity settings to be easily adapted to systems with differing gray,
capabilities.

Table lists the specifications for intensity codesddourlevel grayscale system. In this example, any
intensity input value near 0.33 would be stored as the binary value 01 in the frame buffer, and pixel
this value would be displayed as dark gray. If additional bits per pixel are availablefianteebuffer,

the value of 0.33 would be mapped to the nearest level. With 3 bits per pixel, we can accommodate
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levels; while 8 bits per pixel would give us 256 shades of gray. An alternative scheme for storin

) the

intensity information is to corert each intensity code directly to the voltage value that produces this

grayscale level on the output device in use.

INTENSITY CODES FOR A FOUR.LEVEL GRAYSCALE SYSTEM

Intensity Stored Intensity Displayed
Codes Values Gray Scale
In the frame Buffer (Binary Code)

0.0 0 (00) Black

0.33 1 (01) Dark gray

0.67 2 (20 Light gray

1.0 3 (12) White

Area-Fill Attributes:

Options for filling a region include a choice betweesold colour and a patterned fill. These options

can be applied to polygon regions or regions with curved boundaries.
Areas can be displayed with various fill styles: hollow, solid, pattern and hatch.

Hollow areas are displayed using only the boundaryineytwith interior colour the same as the
background colour.

A Solidfill is displayedin asinglecolour includingthe borders.Fill style canalsobewith a
specific patterror design.The Hatchfill is usedto fill area withhatching pattern.

AN

B\
*&
;,/

i\
b 4

%
¢4

93
>

>4

N

¢/

Hollow Solid Pattern

Polygonfill styles

Diagonal hatch Diagonal Crosshatch

Polygonfill usinghatch patterns

Otherfill options includespecificationsfor theedgetype, edgewidth andedgecolour. These
attributesare sameasthe line attributes.That is, we can display polygon edgess dotted,
dashedthick or of different colours.etc.
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Soft Fill

We may want to fill area again due to 2 reasons:

91 It is blurred (unclear)when paintedfirst time, or

1 It is repaintingof a color area thatwvas originally filled with semitransparenbrush,
where current color is then mixture of the brush color and the background color
fbehindd the area.

Sothatthefill color is combinedwith thebackgroundcolors arereferred toas Soft-fill.

Character Attributes:

The appearanceof displayedcharacterss controlledby attributessuch adont, size,colourand
orientation. Attributescan be set both for entire characterstrings and for individual
charactersknown as Marker symbols.

1. Text Attributes: Therearemanytextoptionsavailable,suchasfont, colour,size,spacing,
and orientation.

b

Text Style: The characterdsn aselectedfont can alsobe displayedin variousunderlining
styles (solid, dotted dashed doublg, in bold, in italics, shadowstyle, etc. Fontoptions
canbemadeavailableaspredefinedsetsof grid patternsor as charactesets designewith

linesand curves.

Text Colour: Coloursettingsfor displayedtext are storedin the systemattributelist and
transferredto the frame bufferby character loadindunctions.Whenacharacter strings

displayed,the current colours usedto setpixel valuesin the frame buffercorresponding
to thecharactershapesand position.

Text Size: We can adjusttext size by changing theoverall dimensions,i.e., width and
height, of charactersor by changingonly the width. Charactersizeis specifiedin Points,

wherelpointis 0.013837inch or approximatelyl/72 inch. Poinmmeasurementspecifythe

size of the Character Body. Different fonts with the same pointspecificatons can have
different charactesizesdependinguponthe designof the font.

Topline Kern
_____________ Capline
to
i Seline
* [ > Descenders
Bottomline
Character
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Character Body

Thedistance betweefopline andBottomline is samefor all charactersn aparticularsize
and font, but the width may be different. A smaller body width is assignedto narrow
charactersuchasi, j, |, e t c. comparedo broad charactersuchasW or M. The Character
Height is thedistance betweetheBaselineandCapline of charactersKernedcharacters,
suchasf andj, extend beyondhe charactetwidth limits. And letterswith descenderssuch
asg, |, p,q, extendbelowthe baseline.

The size camechangedn suchaway sothatthewidth andspacingof characterss adjuded
to maintainthe same textproportions.For example,doubling the height also doublesthe
charactemwidth andthe spacingbetween character#\lso, onlythe width of thecharacters
canbe changes without affectings height. Similarly, spacing betweewgharactersanbe
increasedvithout changing heighor width of individual characters.

The effect of different charactertheight setting characteswidth setting, and character
spacingon atext is shownbelow.

HEIGHT1 WIDTH1 SPACING1
HEIGHT?2 WIDTHZ2 SPACING2
HEIGHTS3 WIDTHS3 SPACING3

Effect of changing Height, Width and Spacing

b Text Orientation: The text canbe displayedat various anglesknown as orientation. A
procedurefor orienting text rotatescharactersso that the sidesof characterbodies,from
baselineto topline atalignedat someangle. Charactestringscanbearranged verticallyr

horizontally.
Orientation (’\\Q’ O/)
N4 &

A text orientated by 45 degrees in anticlockwise and clockwise direction

b Text Path: In some applications the charater strings are arranged vertically or
horizontally. Thisis knownasText Path. Text patbanberight, left, upor down.
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n

g

b Text Alignment: Another attributefor characterstrings is alignment. This attribute
specifies how text is to be positioned with respectto the start coordinates.Vertical
alignmentcanbetop, cap, half, basandbottom. Similarly, horizontal alignmentcan be
left, centreandright.

_______________________ top
R cap
TEXT ALIGNMEN] palt
. bottam
right
Alignment valuedor a string
Text Attributes
0 In text we are having so many style and design like italic fonts, bold fonts etc.
0 For setting the font style in PHIGS package we have one function which is:
setTextFont (tf)
0 Where tf is used to specify text font
0 It will set specified font as a caamt character.
0 For setting color of character in PHIGS we have function:
setTextColorindex (tc)
0 Where text color parameter tc specifies an allowable color code.
0 For setting the size of the text we use function.

setCharacterheight (ch)
0 For scalinghe character we use function.
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setCharacterExpansionFacter (cw)

O Where character width parameter cw is set to a positive real number that scale the character |bod)
width.

0 Spacing between character is controlled by function

setCharacterSpacing (cs)

0 Where character spacing parameter cs can be assigned any real value.

0 The orientation for a displayed character string is set according to the direction of the character uy
vector:

setCharacterUpVector (upvect)

0 Parameter upvect in this function is assjteo values that specify thieandwvector components

Text is then displayed so that the orientation of characters from baseline to cap line is in the direction of
the up vector.

0 For setting the path of the character we use function:

setTextPath (tp)

0 Where the text path parameter tp can be assigned the value: right, left, up, or down.

0 It will set the direction in which we are writing.

0 For setting the alignment of the text we use function.

setTextAlignment (h, v)

0 Where parameter h and v contharizontal and vertical alignment respectively.

0 For specifying precision for text display is given with function.

setTextPrecision (tpr)

0 Where text precision parameter tpr is assigned one of the values: string, char, or stroke.
0 The highesguality text is produced when the parameter is set to the value stroke.
Marker Attributes

0 A marker symbol display single character in different color and in different sizes.

0 For marker attributes implementation by procedure that load the chosen characher iatter at
defined position with the specified color and size.

0 We select marker type using function.

setMarkerType (mt)

0 Where marker type parameter mt is set to an integer code.

0 Typical codes for marker type are the integers 1 through 5, spegifgspectively, a dot (.), a
vertical cross (+), an asterisk (*), a circle (0), and a diagonal cross (x). Displayed marker types are
centered on the marker coordinates.

0 We set the marker size with function.

SetMarkerSizeScaleFactor (ms)

0 Where paramter marker size ms assigned a positive number according to need for scaling.
0 For setting marker color we use function.

setPolymarkerColorindex (mc)

0 Where parameter mc specify the color of the marker symbol

Bundled Attributes

A particular set of attibute values tor a primitive on each output device is then chosen by specifying t
appropriate table index. Attributes specified in this manner called bundled attributes

-

e
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