UNIT-1

Overview of Computer Graphics

What is computer Graphics?

Computer graphics is an art of drawing pictures, lines, charts, etc. using computers with the help of
programming. Computer graphics image is made up of number of pixels. Pixel is the smallest addressable
graphical unit represented on the computer screen.

Introduction

Computer is information processing machine. User needs to communicate with computer and the computer
graphics is one of the most effective and commonly used ways of communication with the user.

Itdisplaysthe information inthe form of graphical objectssuchas pictures, charts, diagramand graphs.
Graphical objects convey more information in less time and easily understandable formats for example statically
graph shown in stock exchange.

Incomputer graphics picture or graphics objects are presented asa collection of discrete pixels.

We can control intensity and color of pixel which decide how picture look like.

The special procedure determines which pixel will provide the best approximation to the desired picture or
graphics object this process is known as Rasterization.

The process of representing continuous picture or graphics object as a collection of discrete pixelsis called
Scan Conversion.

Advantages of computer graphics

Computer graphics is one of the most effective and commonly used ways of communication with
computer.
It provides tools for producing picture of “real-world” as well as synthetic objects such as mathematical

Surfaces in 4D and of data that have no inherent geometry such as survey result.

It has ability to show moving pictures thus possible to produce animations with computer graphics.

With the use of computer graphics we can control the animation by adjusting the speed, portion of picture in
view the amount of detail shown and so on.

It provides tools called motion dynamics. In which user can move objects as well as observes as per
requirement for example walk throw made by builder to show flat interior and surrounding.

It provides facility called update dynamics. With this we can change the shape color and other properties of object.
Now in recent development of digital signal processing and audio synthesis chip the interactive graphics can now
provide audio feedback along with the graphical feed backs.

Application of computer graphics

User interface: - Visual object which we observe on screen which communicates with user is one of the most
useful applications of the computer graphics.

Plotting of graphics and chart in industry, business, government and educational organizations drawing like bars,
pie-charts, histogram’s are very useful for quick and good decision making.

Officeautomationanddesktop publishing: - Itisused for creationand dissemination of information. Itis used in
in-house creation and printing of documents which contains text, tables, graphs and other forms of drawn or
scanned images or picture.




Computer aided drafting and design: - It uses graphics to design components and system such as automobile
bodies structures of building etc.

Simulationandanimation: - Use of graphics insimulation makes mathematic modelsand mechanical systems
more realistic and easy to study.

Artandcommerce: - Therearemanytoolsprovidedbygraphicswhichallowsusedtomaketheirpicture animated
and attracted which are used in advertising.

Process control: - Now aday’s automation is used which is graphically displayed on the screen.

Cartography: - Computer graphics is also used to represent geographic maps, weather maps,
oceanographic charts etc.

Education and training: - Computer graphics can be used to generate models of physical, financial and economic
systems. These models can be used as educational aids.

Image processing: - It is used to process image by changing property of the image.

Display devices

Display devices are also known as output devices.
Most commonly used output device in a graphics system is a video monitor.
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Fig. 1.1: - Cathode ray tube.

It is an evacuated glass tube.

An electron gun at the rear of the tube produce a beam of electrons which is directed towards the screen of
the tube by a high voltage typically 15000 to 20000 volts

Inner side screen is coated with phosphor substance which gives light when it is stroked bye electrons.

Control grid controls velocity of electrons before they hit the phosphor.

The control grid voltage determines how many electrons are actually in the electron beam. The negative the
control voltage is the fewer the electrons that pass through the grid.

Thus control grid controls Intensity of the spot where beam strikes the screen.

The focusing system concentrates the electron beam so it convergesto small point when hits the phosphor
coating.

Deflection system directs beam which decides the point where beam strikes the screen.

Deflection system of the CRT consists of two pairs of parallel plates which are vertical and horizontal
deflection plates.

Voltage applied to vertical and horizontal deflection plates is control vertical and horizontal deflection




respectively.
There are two techniques used for producing images onthe CRT screen:

1. Vector scan/Random scansdisplay.
2. Raster scandisplay.

Vector scan/Random scan display
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Fig. 1.2: - Architecture of a vector display.

Vector scan display directly traces out only the desired lines on CRT.

If we want line between point p1 & p2 then we directly drive the beam deflection circuitry which focus beam

directly from point p1 to p2.

If we do not want to display line from p1to p2 and just move then we can blank the beam as we move it.

To move the beam across the CRT, the information about both magnitude and direction is required. This

information is generated with the help of vector graphics generator.

Fig. 1.2 showsarchitecture of vector display. It consists of display controller, CPU, display buffer memory and

CRT.

Display controller is connected as an 1/0 peripheral to the CPU.

Display buffer stores computer produced display list or display program.

The Program contains point & line plotting commands with end point co-ordinates aswell as character plotting

commands.

Display controller interprets command and sends digital and point co-ordinates to a vector generator.
1 Vector generator then converts the digital co-ordinate value to analog voltages for beam deflection circuits

that displace an electron beam which points on the CRT’s screen.

In this technique beam is deflected from end point to end point hence this techniques is also called random

scan.
1 We know as beam strikes phosphors coated screen it emits light but that light decays after few

milliseconds and therefore it is necessary to repeat through the display listto refresh the screen at least 30 times

per second to avoid flicker.

Asdisplay buffer is used to store display listand used to refreshing, itis also called refresh buffer.




Raster scan display
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Fig. 1.3: - Architecture of a raster display.

Fig. 1.3 shows the architecture of Raster display. It consists of display controller, CPU, video controller, refresh
buffer, keyboard, mouse and CRT.

The display image is stored in the form of 1’s and 0’s in the refresh buffer.

The video controller reads this refresh buffer and produces the actual image on screen.

It will scan one line at a time from top to bottom & then back to the top.
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Fig. 1.4: - Raster scan CRT.

1 Inthismethodthehorizontalandvertical deflectionsignalsaregeneratedtomovethebeamalloverthe screen ina
pattern shown in fig. 1.4.
Here beam is swept back & forth from left to the right.

1 When beam is moved from left to right it is ON.




When beam is moved from right to left it is OFF and process of moving beam from right to left after
completion of row is known as Horizontal Retrace.

Whenbeamisreachatthe bottomofthescreen. Itismade OFFandrapidlyretraced backtothetopleft to start
againand process of moving back to top is known as Vertical Retrace.

The screen image is maintained by repeatedly scanning the same image. This process is known as

Refreshing of Screen.

In raster scan displays a special area of memory is dedicated to graphics only. This memory is called

Frame Buffer.

Frame buffer holds set of intensity values for all the screen points.

That intensity is retrieved from frame buffer and display on screen one row at atime.

Each screen point referred as pixel or Pel (Picture Element).

Each pixel can be specified by its row and column numbers.

It can be simply black and white system or color system.

Insimple black and white system each pixel is either ON or OFF, so only one bit per pixel is needed.
Additional bitsare requiredwhen color and intensity variations can be displayed up to 24-bits per pixel are
included in high quality display systems.

Onablack and white systemwith one bit per pixel the frame buffer iscommonly called a Bitmap. And for

systems with multiple bits per pixel, the frame buffer is often referred as a Pixmap.

Difference between random scan and raster scan

Base of Difference

Raster Scan System

Random Scan System

Electron Beam

The electron beam is swept across the
screen, one row at a time, from top to
bottom.

The electron beam is directed only to the
parts of screen where a picture is to be
drawn.

Resolution

Its resolution is poor because raster
system in contrast produces zigzag
lines that are plotted as discrete point
sets.

Its resolution is good because this system
produces smooth lines drawings because
CRT beam directly follows the line path.

Picture Definition

Picture definition is stored as a set of
intensity values for all screen points,
called pixelsinarefreshbufferarea.

Picture definition is stored as a set of line
drawing instructions in a display file.

Realistic Display

The capability of this system to store
intensity values for pixel makes it well
suited for the realistic display of scenes
contain shadow and color pattern.

These systems are designed for line-
drawing and can’t display realistic shaded
scenes.

Draw an Image

Screenpoints/pixelsare usedtodraw an
image.

Mathematical functions are used to draw an
image.




Color CRT monitors

ACRTmonitorsdisplayscolorpicturesbyusingacombinationof phosphorsthatemitdifferentcolored light.
It produces range of colors by combining the light emitted by different phosphors.
There are two basic techniques for color display:

1. Beam-penetration technique

2. Shadow-mask technique

Beam-penetration technique
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Fig. 1.5: - Beam-penetration CRT

| This technique is used with random scan monitors.
Inthistechnique inside of CRT coated with two phosphor layers usually red and green. The outer layer of red and
inner layer of green phosphor.
The color depends on how far the electron beam penetrates into the phosphor layer.
Abeamoffastelectronpenetratesmoreandexcitesinnergreenlayerwhileslowelectronexcitesouter red layer.
Atintermediate beamspeedwe canproducecombinationofredandgreenlightswhichemitadditional two
colors orange and yellow.

1 Thebeam acceleration voltage controls the speed of the electrons and hence color of pixel.
Itis a low cost technique to produce color in random scan monitors.
It can display only four colors.

1 Quality of picture is not good compared to other techniques.
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Fig. 1.6: - Shadow-mask CRT.




It produces wide range of colors as compared to beam-penetration technique.

This technique is generally used in raster scan displays. Including color TV.

In this technique CRT has three phosphor color dots at each pixel position. One dot for red, one for green and
one for blue light. This is commonly known as Dot Triangle.
HereinCRTtherearethreeelectrongunspresent,oneforeachcolordot. Andashadowmaskgridjust 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 onto the shadow mask and when they pass through a
hole they excite a dot triangle.

In dot triangle three phosphor dots are arranged so that each electron beam can activate only its
corresponding color dot when it passes through the shadow mask.

Adottriangle whenactivated appears as a small dot on the screen which has color of combination of three
small dots in the dot triangle.

Bychangingtheintensity ofthethreeelectronbeamswecanobtaindifferentcolorsintheshadowmask CRT.

Direct-view storage tubes (DVST)
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Fig. 1.7: - Direct-view storage tube.

In raster scan display we do refreshing of the screen to maintain a screen image.

DVST gives alternative method for maintaining the screen image.
DVSTusesthestoragegridwhichstoresthepictureinformationasachargedistributionjustbehindthe phosphor
coated screen.

DVST consists two electron guns a primary gun and a flood gun.

A primary gun stores the picture pattern and the flood gun maintains the picture display.

A primary gunemits high speed electrons which strike on the storage grid to draw the picture pattern.
Aselectron beam strikes on the storage grid with high speed, it knocks out electrons from the storage grid
keeping the net positive charge.

The knocked out electrons are attracted towards the collector.

The net positive charge on the storage grid is nothing but the picture pattern.

The continuous low speed electrons from flood gun pass through the control grid and are attracted to the
positive charged area of the storage grid.




"I The low speed electrons then penetrate the storage grid and strike the phosphor coating without affecting
the positive charge pattern on the storage grid.
Duringthis process the collector just behind the storage grid smooth out the flow of flood electrons.

Advantage of DVST

Refreshing of CRT is not required.

Very complex pictures can be displayed at very high resolution without flicker.
| Flatscreen.

Disadvantage of DVST

. They do not display color and are available with single level of line intensity.

Forerasingitisnecessary toremoval of charge on the storage grid so erasing and redrawing process take

several second.

Erasing selective part of the screen cannot be possible.

| Cannotused for dynamic graphics application as on erasing it produce unpleasant flash over entire screen.
It has poor contrast as a result of the comparatively low accelerating potential applied to the flood
electrons.
The performance of DVST is somewhat inferior to the refresh CRT.

Flat Panel Display

Thetermflat panel display referstoaclass of video device that have reduced volume, weight & power
requirement compared to a CRT.
As flat panel display is thinner than CRTs, we can hang them on walls or wear on our wrists.
Since we canevenwrite onsome flat panel displays they will soon be available as pocket notepads.
| We can separate flat panel display in two categories:
1. Emissivedisplays: - the emissive display oremittersare devicesthat convertelectrical energy into light. For
Ex.Plasmapanel, thinfilmelectroluminescent displays and lightemitting diodes.
2. Nonemissive 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).

Plasma Panels displays
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Fig. 1.8: - Basic design of a plasma-panel display device.




This is also called gas discharge displays.

It is constructed by filling the region between two glass plates with a mixture of gases that usually includes
neon.

Aseriesofvertical conductingribbonsisplacedononeglasspanelandasetofhorizontal ribbonisbuilt into the
other glass panel.

Firingvoltageisappliedtoapairofhorizontalandvertical conductors cause the gasatthe 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.

Thin Film Electroluminescent Displays.
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Fig. 1.9: - Basic design of a thin-film electro luminescent display device.

Itissimilarto plasmapanel display butregion betweentheglass platesisfilledwith phosphorssuchas zink
sulphide doped with magnesium instead of gas.
Whensufficientvoltageisappliedthephosphorsbecomesaconductorinareaofintersectionofthetwo
electrodes.

1 Electricalenergyisthenabsorbed bythemanganeseatomswhichthenreleasetheenergyasaspotof light similar
to the glowing plasma effect in plasma panel.

'] Itrequires more power than plasma panel.
In this good color and gray scale difficult to achieve.

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
levelsthat are applied to the diodes to produce the light pattern on the display.




Liquid Crystal Display (LCD)
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Fig. 1.10: - Light twisting shutter effect used in design of most LCD.

Itis 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.

It consists of two glass plates each with light polarizer at right angles 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.
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Transistor cause crystaltochangetheir state quicklyand alsoto 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

Advantages of LCD display
Low cost.
Low weight.
Small size
Low power consumption.

Hardcopy Devices

All the output devices can be categorized into two categories

| Hard Copy Devices

| Soft Copy Devices
Hard copy devices are those that give the output in the tangible form. Printers and Plotters are two common hard
copy devices.
Soft copy devices give output in the intangible form or the virtual form, e.g. something displayed on a screen. All
the computer monitors are covered under this category.

Printers
All the printers irrespective of the technology used can be categorized as
" Impact Printers
I Non Impact Printers
Impact printers are those printers in which there is a direct contact between the printing head and the paper on
which the print is produced.
they work by striking a head or a needle against an inked ribbon which leaves a mark on the paper.
These printers produce a lot of noise when printing, because of the head striking the paper.
Examples are Dot Matrix, Daisy Wheel and Line printers.
In the case of non-impact printers the printing head never comes in direct contact with the paper.
) These printers work by spraying ink on the paper.
\ Electrostatic or electromagnetic charge is used in these printers.
\ Examples are Ink-Jet and Laser printers.

Dot-Matrix Printers:
' Dot Matrix is an impact printer.
' These printer forms characters from individual dots.
"1 These printers have a print head which runs back and forth on a paper.
| The print head has a two-dimensional array of pins called dot matrix. There may be 9 to 24 pins in the dot matrix.
' From this array of pins some pins are drawn out (or driven forward) to form the shape of a character.
' The drawn out pins strike an ink soaked cloth ribbon against a paper. This forms that particular character on the
paper.
| Thus dot matrix printers can be used to print different fonts of characters.
' Since mechanical force is used; carbon copies of documents can be taken.
1 40 to 250 characters can be printed per second.
Daisy Wheel Printers:
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| This is an impact printer.
Only preformed fonts of characters can be printed.
This printer contains a daisy wheel. Daisy wheel is made of plastic or metal. This holds an entire character set as
raised characters molded on each "petal”.
"I A motor rotates the daisy wheel to position the required character between the hammer and the ribbon.
A small hammer then strikes the petal, which in turn strikes the inked ribbon to leave the character mark on the
paper.
| The daisy wheel and hammer are mounted on a sliding carriage similar to that used by dot matrix printers.
Different fonts cannot be printed using this technology.

Line Printers:

The line printer is a high speed impact printer in which one line is printed at a time.

600-1200 lines can be printed per minute.

Drum printer is an example of line printers.

These printers are very expensive.

These kinds of printers were popular in the early days of computers, but the technology is still in use.

Drum Printers

In a drum printer, a fixed font character set is engraved onto a number of print wheels.

There are as many print wheels as the number of columns (letters in a line) the printer could print.

The print wheels are joined to form a large drum (cylinder),

This drum spins at high speed and paper and an inked ribbon is moved past the print position.

As the desired character for each column passes the print position; a hammer strikes the paper from the rear
and presses the paper against the ribbon and the drum, causing the desired character to be printed on the paper.
Ink-Jet Printers:

Inkjet printer is a non impact printer, Core of an inkjet printer is the print head.

The print head contains an ink cartridge which has a series of nozzles that are used to spray tiny drops of ink on to
the paper.

Ink cartridges come in various combinations, such as separate black and color cartridges, color and black in a
single cartridge or even a cartridge for each ink color.

A motor moves the print head back and forth across the paper.

Different types of inkjet printers form their droplets of ink in different ways. There are two main inkjet
technologies currently used by printer manufacturers

0 Thermal bubble - This method is commonly referred to as bubble jet. In a thermal inkjet printer, tiny resistors
create heat, and this heat vaporizes ink to create a bubble. As the bubble expands, some of the ink is pushed out of
a nozzle onto the paper. When the bubble "pops" (collapses), a vacuum is created. This pulls more ink into the
print head from the cartridge. A typical bubble jet print head has 300 or 600 tiny nozzles, and all of them can fire
a droplet simultaneously.

0 Piezoelectric - This technology uses piezo crystals. A crystal is located at the back of the ink reservoir of each
nozzle. The crystal receives a tiny electric charge that causes it to vibrate. When the crystal vibrates inward, it
forces a tiny amount of ink out of the nozzle. When it vibrates out, it pulls some more ink into the reservoir to
replace the ink sprayed out.

I The ink droplets are subjected to an electrostatic field created by a charging electrode as they form. Charged
droplets are separated by one or more uncharged “guard droplets” to minimize electrostatic repulsion between
neighbouring droplets. The charged droplets pass through an electrostatic field and are directed (deflected) by
electrostatic deflection plates to print on the Paper.

Laser Printers:
A laser printer is a non impact printer, which produces a page of text at a time.

~I Laser printer uses the principle of Static Electricity to print.

This printer has revolving cylinder called Drum.

Drum is given a positive charge.

A Laser beam is used to draw the image to be printed, on the drum with negative charge. This discharges some
portion of the charge on the drum. This creates electrostatic image of the print on the drum with no charge, and
the background is left positively charged.

I The drum is then exposed to toner from which positively charged toner particles mixed with carbon black are
released. Since positive charge repels positive charge, the toner particles settles on the discharged areas of the
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drum, this is exactly the image to be printed.
The paper is then pressed against the drum; this transfers the toner particles on to the paper.

" Paper is then passed through a fuser, which is a set of heated rollers; this melts the carbon black on the paper to
form the desired print.

Plotters:

Another hard copy output device is plotter. Plotter is a printing device which can draw continuous lines. This is
useful to print vector graphics rather than raster graphics unlike normal printers. Plotters are widely used in
applications like CAD.

Plotters print by moving one or more pen across the surface of a piece of paper. This means that plotters are
restricted to line art, rather than raster graphics as with other printers.

Pen plotters can draw complex line art, including text, but do so slowly because of the mechanical movement of
the pens. They are often incapable of efficiently creating a solid region of color, but can draw an area by drawing
a number of close, regular lines.

Plotters offered the fastest way to efficiently produce very large drawings or color high-resolution vector-based
artwork when computer memory was very expensive and processor power was very limited.

There are a number of different types of plotters:

A drum plotter draws on paper wrapped around a drum which turns to produce one direction of the plot,
while the pens move to provide the other direction.

A flatbed plotter draws on paper placed on a flat surface; and an electrostatic plotter draws on negatively
charged paper with positively charged toner.

Pen plotters have essentially become obsolete, and have been replaced by large-format inkjet printers and toner
based printers.

They are most frequently used for CAE (computer-aided engineering) applications, such as CAD (computer-aided
design) and CAM (computer-aided manufacturing).

Raster-graphics system with a display processor
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Fig. 1.17: - Architecture of a raster-graphics system with a display processor.

One way to designing raster system is having separate display coprocessor.

Purpose of display processor is to free CPU from graphics work.

Display processors have their own separate memory for fast operation.

Mainworkofdisplay processorisdigitalizingapicturedefinitiongivenintoasetofpixelintensity values for
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store in frame buffer.

This digitalization process is scan conversion.

Display processor also performs many other functions such as generating various line styles (dashed, dotted, or
solid). Display colorareasand performingsome transformation formanipulating object.

Italso interfaces with interactive input devices such as mouse.

For reduce memory requirements in raster scan system methods have been devised for organizing the frame
buffer as a line list and encoding the intensity information.

One way to do this is to store each scan line as a set of integer pair one number indicate number of adjacent
pixels on the scan line that are having same intensity and second stores intensity value this technique is called
run-length encoding.

Asimilar approach is when pixel. Intensity is changes linearly, encoded the raster as a set of rectangular areas (cell
encoding).

Disadvantages of encoding is when run length is small it requires more memory then original frame buffer.
Italso difficult for display controller to process the raster when many sort runs are involved.
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Output Primitives
Points and Lines

Pointplotting is done by converting asingle 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 between two specified endpoint
positions.

The output device is then directed to fill in those positions between the end points with some color.

Forsome device such as apen plotter or random scan display, astraight line can be drawn smoothly from one
end point to other.

Digital devices display astraight 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 is loaded in frame buffer at the corresponding pixel positions.
Reading from the frame buffer, the video controller then plots the screen pixels.

Screenlocationsare referencedwithintegervalues, soplotted positionsmayonly approximateactual line
positions between two specified endpoints.

For example line position of (1236 2387) would be converted to pixel position (12 24).

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

(“the jaggies™), as represented in fig 2.1.

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

The stair step shape is noticeable in low resolution system, and we can improve their appearance somewhat
by displaying them on high resolution system.

Moreeffective techniques for smoothingraster linesare based on adjusting pixel intensitiesalongthe line
paths.

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

Pixelpositionwill referencedaccordingtoscan-linenumberandcolumnnumberwhichisillustrated by
following figure.

[

0 1 2 3 4 5 6

Fig. 2.2: - Pixel positions referenced by scan-line number and column number.

To load the specified color into the frame buffer at a particular position, we will assume we have available
low-level procedure of the form setpire(x, y).
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or retrieve the current frame buffer intensity we assume to have procedure getpirel(x, y).

Line Drawing Algorithms

The Cartesian slop-intercept equation forastraight line is “y = mx + b” with ‘m’ representingslopand ‘b’ as the
intercept.
| The two endpoints of the line are given which are say (x1,yl) and (x2 y2).

Y2

X1 X2

Fig. 2.3: - Line path between endpoint positions.
We can determine values for the slope m by equation:
m= (y2 — y1)/(x2 — x1)
We can determine values for the intercept b by equation:
b=yl -m=xxl
Forthe giveninterval Ax along a line, we can compute the corresponding y interval Ay as:
Ay =m * Ax
Similarly for Ax:
Ax = Aylm
For line with slop im| < 1, A can be set proportional to small horizontal deflection voltage and the
correspondingvertical deflectionvoltageisthensetproportionalto Ay whichiscalculated fromabove equation.
For line with slopm| > 1, Ay can be set proportional to small vertical deflection voltage and the
corresponding horizontal deflection voltage is then set proportional to Ax which is calculated from above
equation.
Forlinewithslopm = 1, Ax = Ay andthehorizontal and vertical deflection voltages are equal.

DDA Algorithm

Digital differential analyzer (DDA) is scan conversion line drawing algorithm based on calculating either

Ay or Ax using above equation.
Wesamplethelineatunitintervalsinonecoordinateandfindcorrespondingintegervaluesnearestthe line path
for the other coordinate.
Consider firsta line with positive slope and slope is less than or equal to 1:

We sample at unit x interval (Ax = 1) and calculate each successive y value as follow:

y=mx*x+bh

ye=mx(x+1)+b

Ingeneral yy=m=* (x+k)+ , &

Yisr = mx(x+k+1)+b

Nowwrite thisequationinform:

Jer =Y Smxfe+ k+ 1)+ b)—(mxf+k+ b

Vir1 =Yt m

So that it is computed fast in computer as addition is fast compare to multiplication.
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Inabove equation k takes integer values starting from 1 and increase by 1 until the final endpoint is reached.

Asm canbeanyreal numberbetween0Oand1,the calculated y valuesmustbe roundedtothe nearest integer.
Consider a case for a line with a positive slope greater than 1:

We change the role of x and y that is sample at unit y intervals (Ay = 1) and calculate each succeeding

x value as:

X = (y—bm

n=(y+1)-bhm

Ingeneralx = (y + k)—bim, &

Y = [y + k + 1)—bm

Nowwrite thisequationinform:

ter — X =y + k + )= bim)— ({y + k- bjm)

X1 = X + 1m
Abovebothequationsare based ontheassumptionthat linesaretobe processed from leftendpointto the right
endpoint.
Ifwe processed linefromrightendpointto leftendpointthan: If
Ax = —1 equation become:

Yiri=Yik—m

If Ay =—1 equation become:

Xkl = X — 1/m
Above calculated equations also used to calculate pixel position along a line with negative slope.
Procedurefor DDA linealgorithm.

VoidlineDDA (int xa,int ya,int xb,int yb)

{

intdx=xb—xa,dy=yb—ya, steps,k;

floatxincrement,yincrement,x=xa,y=ya; if

(abs(dx)>abs(dy))
{
Steps = abs (dx);
}
else
{
Steps =abs (dy);
}
xincrement = dx/(float) steps; yincrement =
dy/(float) steps;

setpixel (ROUND (x), ROUND (y));
for(k=0;k<steps;k++)

{

X += xincrement; y += yincrement;
setpixel (ROUND (x), ROUND (y));
}

}

17
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Advantages of DDA algorithm
It is fasteralgorithm.
1 Itis simplealgorithm.

Disadvantage of DDA algorithm
' Floating point arithmetic is time consuming.
"1 Poor end pointaccuracy.

Bresenham’s Line Algorithm

I Anaccurate andefficient raster line-generating algorithm, developed by Bresenham which scan converts line using
only incremental integer calculations that can be modified to display circles and other curves.
Figure shows section of display screen where straight line segments are to be drawn.

Spec |ified -
! 8 line |path \// >0 @
1 ) / J pecified

- O : 4

10 11 12 13 14 15 50 51 52 53 54 55

Fig. 2.4: - Section of a display screen where a straight line Fig. 2.5: - Section of a display screen where a negative
segment is to be plotted, starting from the pixel at column 10 slope line segment is to be plotted, starting from the
onscanline11. pixel at column 50 onscan line 50.
The vertical axes show scan-line positions and the horizontal axes identify pixel column.
Samplingatunitxintervalsintheseexamples, weneedtodecidewhichoftwopossiblepixelpositionis closer to
the line path at each sample step.
Toillustrate bresenham’s approach, we first consider the scan-conversion process for lines with positive slope less
thanl.
Pixel positions along a line path are then determined by sampling at unit x intervals.
Starting from left endpoint (x, ) of a given line, we step to each successive column and plot the pixel whose scan-
line y values is closest to the line path.
Assuming we have determined that the pixel at (x, i) is to be displayed, we next need to decide which pixel to plot
in column x; + 1.
Our choices are the pixels at positions (v + 1 y) and (x + Ly +1).
Let’s see mathematical calculation used to decide which pixel position is light up.
We know that equation of line is:
y=mx+b
Now for position xj + 1.
=mu+l +b
Now calculate distance bet actual line’s y value and lower pixel as di and distance bet actual line’s y
value and upper pixel as d>.

di=y—yi

18
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G T Nt ) o Y (1)
d2=(yet+ 1)~y
By = (P 1) = (M F L) = Do (2)
' Now calculate d1 — d» from equation (1) and (2).
di=da=(y-y) - t1)-y)
d—d={u+)+b—y—{p+1)-—m+1-b
d—dy = {mu+m+b—y}—{p+1-my—m-Db
G = Z 20 1) = 20k F 2D = Lo e 3)
"1 Now substitute m = Ay/Ax in equation(3)

=02 2 (%) (0 1) = 24 2D~ 1 e (4)

Now we have decision parameter p for k= step in the line algorithm is given by:
pr=A(d1 — d»)
Pk = AQAYIAx(xy + 1) — 2yx + 2b - 1)
Pk =2Ayxi + 2Ay — 2Axyi + 2Axb — Ax
Dk =20y = 2AXYk + 2AY + 2AXD = AX oo &)
pe = 2Ayx — 20wy, + C (W here Constant C = 20 + 20D — AX) wovveneiiiiice s (6)
The sign of py is the same as the sign of d1 — dz, since Ax > 0 for our example.
| Parameter c is constant which is independent of pixel position and will eliminate in the recursive
calculation forpy.
Now if p is negative then we plot the lower pixel otherwise we plot the upper pixel.
So successive decision parameters using incremental integer calculation as:
Dirt = 2Ayx1e1 — 2Axyrn + C
Now Subtract pk frompr+1
Piet — Dk = 2A(Xps1 = X)) 2AX(Yir — Vi)

Pi+1 — Pie = 2AY X1 — 2AxY i1 + C = 2Ayx + 2Axy — C
But xi1 = xi + 1, 50 that (xes1 — xi) = 1
Dis1 = P T 2AY — 2A(Vir1 — Vi)
Where the terms yi+1 — y« is either 0 or 1, depends on the sign of parameter py.
I This recursive calculation of decision parameters is performed at each integer x position starting at the left
coordinate endpoint of the line.
| Thefirstdecision parameter pois calculated using equation (5) as first time we need to take constant part into
accountso:
D= 2Ay x5 — 2Axyi + 2Ay + 2Axb — Ax
po=2Ayxo—2Axyo+ 2Ay + 2Axb — Ax
Now Substitute b = yo— mxo
oo = 2Ayx — 2Axyo + 20y + 2A(y — ma) — Ax
Now Substitute m = Ay/Ax
po=2Ayxo — 2Axyo + 2Ay + 2A(yo — (AylAx)xo) — Ax
po=2Ayxo — 2Axyo + 2Ay + 2Axyo — 2Ayxo — AX
po=2Ay — Ax
] Let’s see Bresenham’s line drawing algorithm for jm| < 1
1. Input the two line endpoints and store the left endpoint in (x, ).
2. Load (x ) into the frame buffer; that is, plot the first point.

3. Calculate constants Ax, Ay, 2Ay, and 2Ay —2Ax, and obtain the starting value for the decision parameter as

19
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po =2Ay — Ax
4. Ateachx;alongtheline,startingatk =0,performthe

followingtest: If p, <0, the next point to plot is (x + 1

) and
Drs1 = Pt 2Ay
Otherwise, the next point to plot is (x, + Ly + 1) and
Pkt = pr+2Ay — 2Ax
5. Repeat step-4 Axtimes.
Bresenham’s algorithm is generalized to lines with arbitrary slope by considering symmetry
between the various octants and quadrants of the xy plane.
For lines with positive slope greater than 1 we interchange the roles of the x and y directions.
Alsowe canrevise algorithm to draw line from right endpoint to left endpoint, both x and y
decreaseas we step from right to left.
When d1—d, = 0 we choose either lower or upper pixel but once we choose lower than for
all such case for that line choose lower and if we choose upper the for all such case choose
upper.
For the negative slope the procedure are similar except that now one coordinate decreases as
the other increases.

Thespecial case handle separately. Horizontal line (Ay = 0), vertical line (Ax = 0)anddiagonal line with |Ax | =
|Ay| each can be loaded directly into the frame buffer without processing them through the line plotting
algorithm.

20
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Characters Generation in CG

In computer graphics character can be generated using software.

In hardware implementation of character generation limited faces of
character can be generated.

A wide variety of faces of character can be generated with software
implementation.

There are three methods for generating characters using software
implementation.

Stroke method

Vector method or bitmap method.
Star bust method

21



Stoke method

* In this method we use a sequence of line drawing function and arc
functions to generate characters.

* We can generate a sequence of character by assigning starting and
end point of line or arc.

* By using this method various faces of character can be generated
by changing the values (parameters) in line and arc function.

YN APAN

22
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Stoke method

* The main disadvantage of this method is when we draw a diagonal line it
produce aliased character.

A
GG TAVAN
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Bitmap Method

Method
1 This method is suitable for producing various character.

1 Font size of character can be increased by increasing the size of
array.

[1 This method uses an array of 1’s & 0’s to represent pixels.

-
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#include<stdio.h>
#include<conio. >
#include<graphics.h>
main()
i
int gd.gm.ij:
inta[13)[9] = {
10.0,0.0,1,0,0.0, 0,
10.0,0, 1.0, 1,0, 0, 05,
{0.0.1,0,0,0,1.0, 05,
10.1,0,0,0,0,0, 1, 0},
{0.1,0,0,0,0,0, 1, 0},
10.1,0,0,0,0,0, 1, 0},
1OLLLELLLO,
1O.1,0.0,0, 0,0, 1, 0,
10.1,0.0,0,0,0, 1, 0},
10.1,0.0,0. 0.0, 1, 03,
10.1,0.0,0. 0.0, 1, 0},
10.1,0.0,0,0,0, 1, 0},
{0.1,0.0.0.0.0,1, 04, b e
H l Forj=4:j<9:j++)
/* Initialise graphics mode */ : putyi xel (200420043, 15% alilj]):
detectgraph(&ged &gm); }
initgraph(&gd,&gm," c:ite\\bygi"); fl‘::::_.ph &

Program For Bitmap Method

25
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Bitmap Method

* This method is suitable for producing various
character.

* Font size of character can be increased by
increasing the size of array.

* The main draw back of this method is this
method produce aliased character.

GG

I 2
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14 Pk {0, e net p. o plot PRECORLES [P

Prar 2 Py 941

Othcwwise , Mhe next pr. oo plot & (3 ! 4 Yy ¥V 8

Prar = P t 24y - 24x
'EQP‘"!Lt steply  Ax dimes.
€4 B Line dmina

Fod pk (0, w (30,18).

8‘0?2 -n.%

A= Xa =N Ay * ‘J‘l _9'
= 3o-20 U = 19 -lo
= W '-g

:l- nikal dﬂd&iﬁn -Pmmgﬁ]

Po = QAH -Ax

- 2(g)-w
b
K P <0 ' ) Py ™
. . oD => Fake => (21, 1) Posi * 64 2 (2)- 2w
= Lk lb - 20’
bk
B =2

) P <0 => Fake =5 (92, 12) T e, 4+2(82) )
14 | L e



.Pk <0

Prw
’ Pa <0 => Twe =% @3,/2) Pouy = B # 408)
e ol
: ' Ps =Lk
3

Pa 40 =5 Foake =% Gk, 13) Py 4l =Ps +2(2) ‘3(‘0)

= [l +16 -0
- lh -~ H
Py = 10
4 Py 4o =) Fake = (25‘,[].;) Prst * Pu —4
= LQ,—L'I
ps = b
5 Ps <o =2 Fake =>(m,,1's) Psii = Px —h
=b-h
P = 2
b Po 40 =) Fake => (a7, I6) Ped = P )
= o-)
Pr =<2 i
s py Lo =% Tnde => (25’, I6) Prid = P7 +1b
= -2+416
Pe = Y
2 Pe <0 =5 Fake =Y (29, IY) Pesi = Pg ¢ -4
= -k

Py = O

q Pa Lo =5 Fake =>(30,1%)



. kK | Pu _‘___(’xk“ ’3_“')

" | | % (21, W)
] 9 (32, 12)
2 -2 (23, 12)
3 Ity (CTALY
A © _(:g"i 1h)
5 6 (26 ,15)
6 2 (o1, 16)
"T | -2 (2%,10)
2 I (29 ,11)
1T |V o " (30, 19)

*
a0 & ° =

Pryel ,oasu'ﬁom a‘xma e dine poth  pot. endpk - (90, w) % (20,18)
plotied with B¢ dine  algo,



oln amplementettion s% B dine ci*xa.u]inﬂ -Bm .-S[DPBS dn munﬂe

o< m < ds given o dhe ~BoLLou3iﬂg procecue. Indpt  pizd positiors
Jov dhe  dine e passed do  this proweduse, ¢ pixes aie plotted from
deft endpt. o vight endpt.  The call do setpind dosds o presek

ooy val. dnip dhe FB at dhe Spea%lﬁi (113') p[’zd PDS‘{HOn.

#andude " Qevice i "
veid JdieBres (dnt xa, Jnt qo ,dnt %b dnt yb)
g Ax Ay

\I:nt d.“ E G.bfs C'fﬂ —'Ib) 1 d& = abs((d& -H'b)’

I'o unii inl Aecyan ™ (R RIS

ant P o= o2 ¥ dy -dx
dnt  dwody . 2 ¥y ) dwoPyDx = 2 * (dy -dv);

dnt %, 4, 2 End 5

I Determive which pt. v wse as start , which 08 end
4‘% (ra > 1b)
§

o= 2b;
y= 4o
:gknd S 41 9

3
else

o G 40 WS
H: Ha’.,
1Eﬂd = 'ib,
%
getPind (%905

while [ < xknd)

§

L3 2

%(p(’b)
1 dwo'])'dj'
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¥ |
et Prxel (=, y);
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Wwe

n i definity
To apply midpt. methed | defire @ civcle  definitiony
Jeinele (1,9) - 2%} y* gt =B
8 4“‘3 (2 y) oo dhe boumc{ary of Jhe - drle  with  vadiys ,
sabizfjes the  eqn- “ﬁchde-("’wﬁ) =0.
+ If dhe pt. @ in Jdhe dntevor & cvcle , Jhe drle Jun. i —ve

mn

" L u 4 Ve.

% = X outside he dicle,

« To cummanize , Jhe velotive position e} amy point (7, 4) can pe

detevmined b'i chenk{n? dhe Sign 91 clrle fu)nm'on.

o, § (x,4) ik d;side dhe ciacls bounda.v,gl.
'-%dut;("‘»‘j) -0, df (Y) & on Jhe urcle boundmy, —@
>0, df (1, g) ourside dhe civele bUUﬂC@ﬂig .

The civele {un. fests in @ are Pevgo'smecf' fox  dhe midposibions

between pixels heav dfe cocle path af coth  gampling gtep: Thus dhe
eirle  June. 3 e deusion pasameter the  fnicpt. c&iao.
g ghows Jhe midpt. bet dhe 2 canclicdlags y Tl

" ¢

praels b mmp’uiuﬁ position A 11 . o&saumima we 4 "’“‘iP*-

have  gust plotted e pitd o (3,y,) , we T Xy, e

i i ,

neyt heed o cdetexmine Whether dhe pixel ar Mitpt. bet. condtltr

posinion (% #1 , yy) b3 dhe One ok pesiton (x, 41, YY) pixek at myl.n?

i Upser do dhe cile. Ouy dp ds dhe  cixcle position % 41 alony
a eiyeylos ?aﬁ

-*’unch'on @ evatuoticl  at  dhe m(dpt. bet.

Jhese 2 pinek -
Ve ¢ Peincle (3 41, Yy -1)
e Lo 1Y iy =Ly -
sy) & oem 21 b s gll) o) -

2
Fu (M) ¢ 2%, -lt-&[l:'k)l- Y, + L 32
&y



X P do, B midpt i unkide  she dvde & dhe pixel om

gwan dine 4, a5 cdoser do dhe  cicle bcundara. Ofeiwize , Jne

midpt. L3 outside oy gy dhe  cle boundag and we select

dne  pixel  on  zanline Yy <,

Successive dp ave gbtaingd using  docsemental  aloulations.
He obtain a reusrsive 91'{)7953\‘011 Jor e pext dp by e"&mw”ﬁ

Pes - '%ﬂ'rde (11‘““ ’ HkhFJI)

[l 041 % (g L) -

"ka“)i 4 2w k) + 1 4‘(_9;«01 - 23“1('-2) "(";] N

- 2 2 { -11
Pryy SO0 + 2% 41 4 2(% 4D 4} +(Yga) -Yxn -

Ll iy ¢ 2 1 3
Rsr P =) 3 27 11 4 2 #0) A0+ (Yyy) Tt % =7
2 - 2 :
()T 2%y -1 -+ Yy _;_H T

?k“ _ Pk’, = 2(1“41‘) +1 & L"jkl‘i)i -_(3'1{[') —'Qlﬂk); + ':’k

Wou ~ By, © EEAN # (G '%J - (Yeur - YD) H1

Pesr = Pr 4 2(%) 4[&3&;”} '(Sk);] - (fhm Y )4l =D
Uy 'nere Yy, cither Yy, o7 Y sa!ePgncu‘n&; on e sign 4 Py
E\!O-I.U-Clﬁoﬂ % ey 211:.“ A 2‘:|1¢..” man ako  be g[png ++Lb, oK

2% " 27,4 2

Qa7 2 2



, -de ,Eu_nc. ak StG_HL
valuar o
The dnual dp & obtafhed bﬂ e n?

position (o, 1 4o) « 0, ¥)
B = fan {12770
) % 11
» 14 (a - ,z.) -

S mal)

A

LA N
&

Pne-ﬁ-""
h

T T w@n sim
T dhe vadiss v s spedfied as an 0P PY o
P o
Po= 1-¥

Midpoint__Civele  olige . |
oInput vadime v & chele centey (x.,4.) ® obtain dhe st pLoon
YR o0 ;umf)ewn.gg .-B!” a u'rcle .Crgnte-lter:‘s on dhe Oﬂ'qfhf as
SRR
2. (al. Jhe . unthal \u.{.. 0& ~dp o

P 2B v
oo 2By

o

3. At each % ‘posfh'op.? S‘tmﬁh_q- at ‘k_:o, perfoim  dre —gollnwimi o
T px<o, the hext pr. along dhe citle eqteved on (o,0) &

G s Yoe) and).

Pens ° P_k 2%y, H

Ofhevwize , dhe next pt. ‘al_onca cdbe civele wx (7, 41, gk_]) 3

Pieii # Pt 2Ll Y A 23“'

Wwheve 2%, = 2% 12 & Ql‘“m " 23.& P



k. Retevmine GHmme{I‘z’ pt'. AN dhe  othey 7 octank .

5 Move each calautabkd Pi‘xd pOSI'h'bn [-x,LJ) onts  he dyadad Pﬂfh

ceenteied on (Xe,ye) & piot e worcinat val.

r e &

HEq e

5 ?epeat steps 3 dhw' A unhl X Z.H'

.E%'.

Given o cvcle vadiug v-w, we demonshals dhe widpoint civcle a,ltaa.

2 <4
by determinrma positions alﬂaq dhe e otant an dhe ! auandvant

oM X -0 g x-y - The dpibal wal. fhe dedsion paiametet &
1

Po st =¥

- -9

(. 4) - (0, w)

Q'—Kc = 0 239 s

20

Sutcessive dp val. and posiions  along

calewlakd upsin? dhe midpt. method a5

k Py (’xk“: Yea1)
o iy (1, w)
| -b (9—7UJ)
2 -1 (3,
3 | 6 (4,0
h -3 (5,%)
5 R (6,8)

b 5 ('Ta-f)

2%y 4.

=

12

Th

2Y%4

29

20

29

b

14"

dhe cude Palrh e

"..?kto -r Pk*nrllr.-n ti

le_‘ [P >0 Py ¥ 2%k, 120

Bowi & -9 12 H
Pl = _b

P ¥ Shdnu
Parmd

Pary =1 4641
P: b

‘Pg.q-; = 64 8§41 -)%

Py = -3

Poat = =3 4, @41
Py - ¢

Pou ° g 412 41-1b
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Setetid pinel posifons (solid cinces) atong @ cixle PO with
wdivs v:w  centated  on the onigin, wing Jhe 'mid?pf. aiele alge,

E}p&n cvtles showe the aﬂmmehd Pp,gfh'[)ng bg & q,u.nndlﬂm

The %ollnu:imi che‘chue. d.MP"CUjS a 05t eqyle on g
bilevel monitoy  using miclpoint Dltaﬂﬁmm. Iopwt  do  dhe Pm[?_dl]ie

ae dhe woorcinares .%ox fhe 'éi;de centey  and dhe radius.
TIntensibies ‘tua Pi?{ell pbsfhbm 'alang the cintle d‘acumkezmce
are dooded unko  Jhe {mrm-buﬂ)e] anay with calle o fhe

getPixd roukne.

#include “devite. h”
o ' I PR, l’ 2 . X 2
void  ciicle Madpom (dnt  xlentey .  nt ylentes , ot yacius)
Ut el '
Jnt (d’ uﬁt‘ﬁuﬁ;
ng p ! - vaduus;

woid  civete PotPoink - (ant | ine  py dnt) ;



AR T Jpet et of poin¥

eivele PlotPoinks (1lentes | Ylentey | ¥, 4);
while (7 <@

i

LAt
i3 (p<o
pt=24% 241
else
4
pra2t (1-Y) +1,
3
tirelePlot Pein%  (x(enter , ylenter, x, 4
}
3

woid  grelePlot Foin% [dnt zlenter | dnt ylente¥ dnt x, dnt y)

i

setPixel (xlentes 4o ylentes +y);
setPinel (Center -z, ylenter 143
getPinel (-u(enrew rx, ylenter - TBE
getPind («lentey - % y Center -0) 5
getPixel (nlente¥ £4 ylentes + %)
getPixel (m(entey -4 g tenter b 1Y
getPinel (xlenkes +4 ylenter - %);

setPinel [ *lenter - , {Ylenter - %),
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