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OVERVIEW OF GRAPHICS SYSTEM

1. INTRODUCTION TO COMPUTER GRAPHICS?
* ltisthe use of computer 10 define, store, interrogate and present pictorial oulput.
* Using a computer as a rendering tool for the generation (from models) and manipulation of
images is called computer graphics, More precisely: image synthesis,
* Computer Graphics involves display, manipulation and storage of picture and
experimental data for proper visualization using computer.
* Difference between CG, Image Processing and Computer Vision:
¥' Computer Graphics:
It is about drawing things on the screen with pixels, using mathematics and
physics (trigonometry, lighting, shading, curvature, eic) to give the impression
of objects to a human viewer.
The output requirements can be simple (eg games), or complex (eg realistic
rendition for movies.)
v Image Processing :
Image Processing is about taking a digital input (black and white photo or
colour photo or scanned image or xerox copy etc) and using mathematics and
physics (trigonometry, lighting, shading, curvature, etc) to extract details of
objects in that input,
The output requirements can be simple eg finding lines or detecting colours
(which can be for non-Al purposes) or complex eg finding faces or detecting
emotions (which can be for Al purposes).
v Computer Vision :
¥ Computer Vision is concerned with the interpretation of video and images.
Computer vision takes an incoming image (or series of images) and uses it to
create new, non-image information.,
Key examples are;
Q Creating a 3D mode! from a video,
O Identifying lines and structures from building photos.
O Locating and identifying faces (or license plates, or street signs, or...)
in random imagery.
Computer Vision is generally used to analyse and pull semantic content from
video and images of the real world.

Computer
Graphies
Pictures, Mathemartical
Drawings, [* or Geometrical
elc, - Models
Image
Processing

¢  Goal of CG:
¥ Generate synthetic images (image created by software)
¥ Do it in a practical way and scientifically sound,
¥ In real time?
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*  Basic Elements:
¥ Maodelling:
O We try to define the shape (geometry) of the object.
O How o represent real environments
*  Geomelry: curves, surfaces, volumes
*  Photometry: light, colour, reflectance
0 How to build these representations
* Interactive: sculpt it
= Algorithmie: let it grow ([ractals, extraction)
= Scanning: via 3D sensing
* (Generate primitives — Lines, triangles, guads, patches, Cylinder,
spheres
v" Rendering (as realistic as possible)
O Way to display (shading, illumination, color, texture ...) objects
O What is an image? — Distribution of light energy on 2D “film™
=  How do we represent and store images?
Sampled array of “pixels™ px.y]
*  How do we generate images from scenes?
Input: 3D description of scene, camera — Project o camera’s
viewpoint = [llumination
¥ Animation
O Addresses the issues of movement (dynamics)
U Model how things move
O Temporal change of
*  Objects (position, orientation, size, shape, color, ete.)
= (Camera (position, direction, angle, focus, ¢e.)
= |llumination {position, direction, color, brightness)
s Applications:
v Engineering: We can do simulations using virtual parts (images)
¥ Medical: We can use CG as building tools which allow us the visualization of
various parts or organs in a human body. So there is a project called visible
human project where you have enormous amount of data in digital form, in
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SIICES: and you can use that to do 3D reconstruetion of parts. We can perform
the biomedical simulations; as wha happens i | move this skeleton, how this
musﬂF deforms, how does the skin change and so on. So we use I;:G in the
domain of medicine. We have gross level of body structure and minute
structures for instance tooth and we can look qt the reconstruction of those.
I-{Icncr{ they can help us in the process of diagnosis of any abnormality.
i‘l?llai!xc them so this can be good aid to the medical, *
¥ Bio-graphics: We are dealing with molecules and molecular structures so we
can Imvﬁu: representations of various parts or atoms of a molecule and their
connections or other functiongl aspects, For instance, il protein is represented,
what are the linkages of protein to the rest of the structure and so on? Hence
one can also apply graphics in biology.
E?uurmjnmunt: Computer Games and movies
"r'ususitizulinn [_s:cinntt. business, ete.): It is the process of representing data
graphically and interacting with these representalions in order to gain insight into the

data. CG has provided a powerful mechani i ipulati
. ) A anism for creating, manipul
interacling with these representations. i Sl

vj" = - - [t
Design. i.‘.‘mqpulerl Aided Design is the use of Computer Systems to aid in the
creation, modification, analysis or optimization of a design.

v Cﬂmpulelr Simulation: Computer simulation reproduce the behaviour of a
System using a mathematical model. Simulations have become a useful tool for
tlrc mathematical modelling of many natural systems in physics, chemistry
l'-lﬂ!IDEJ",I human systems in economics, psychology, social science um:]
engineering.

v Web design

" Digital art

v" Animation

v

Presentation and Training
* Graphics System:

v" A Graphics System consists of:

A host computer

A fast processor

Large memory

Frame buffer

LS;IE E:,‘ :t “?ut devices (keyboard, mouse, scanner, touchscreen, joystick,
Output Devices (Printer, Monitor, Plotter)

Set of interface devices (video input/output, TV interface)

OO0 COCOoODOD
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3 Processor
Input Devices Frame Buffer— Output

Memory Display

Array of Pixels

Resolution: # of pixels
Depth: # of bits/pixel

» Various application packages in graphics:
¥ Core graphics
v GKS (Graphics Kernel System)
¥" SRGP (Simple Raster Graphics package)
¥" Open GL (Graphics Library)
*  Set of Computer Graphics Devices:
v CRT (Cathode Ray Tube) Monitor
¥ EGA (Extended Graphics Adaptor)
¥ CGA (Colour Graphics Adaptor)
¥ VGA (Vector Graphics Adaptor)

1. VIDEO DISPLAY DEVICES:
* The primary output device in a graphics system is a video monitor.
¢ The operation of most video monitors is based on the standard cathode-ray tube
(CRT) design.
o The following figure shows the basic operation of a CRT:
Magnetic

Focusing Defection Coils
Base  Svsfem

Electron
Gun  Electron
Connector Benm

Pins

i [

Fliosphor
Coated Screen

Basic design of 8 mogoetic deflection CRT
* A beam of electrons (cathode rays), emitted by an electron gun, passes through

focusing and deflection systems that direct the beam toward specified positions on the
phosphor-coated screen.

* Refresh CRT: Light emitted by the Phosphor fades very rapidly. To keep the phosphor
glowing the picture is redrawn repeatedly by quickly directing the electron beam back over
the same point. This type of display is called a refresh CRT,
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Focusing  Electron
Cathode Anode  Beam Path }
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Heating
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Grid Anode

Opevation of an electron gun with an accelerating anode
®  Electron gun: The primary components of an electron gun ina CRT are the heated metal

cathode and a control grid.
¥ Filament: Heat is supplied to the cathode tube by directing a current through a coil of

wire, ealled the flament.

¥ This causes the free negatively charged electrons accelerated toward the
phospher coating by a high positive voltage.

¥ The accelerating voltage can be generated with a positively charged metal
coating (shown in wave line in the above ligure) on the inside of the CRT
envelope near the phosphor screen.

¥ Intensity of the eleciron beam is controlled by setting voltage level on the

control grid.
¥ A smaller negative voltage on the control grid simply decrease the number of

electrons passing through.
* Focusing System: The focusing system is needed to force the electron beam to converge into
a small spot as it strikes the phosphor,

¥ Electrostatic focusing is commonly used in television and computer graphics
monitor.

¥ With electrostatic focusing, the electron beam passes through a positively
charged metal cylinder that forms an electrostatic lens.

¥ Similar lens focusing effects can be accomplished with a magnetic field set up
by a coil mounted around the outside of the CRT envelope,

¥ The distance that the electron beam must travel to different points on the
screen varies because the radius of curvature for most CRTs is greater than
the distance from the focusing system to the screen center,

¥ The electron beam will be focused properly only at the center of the screen,

¥ As the beam maoves to the outer edges of the screen, displayed images become

blurred.
¥ Dynamically focusing lens work based on beam position.
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Electrostatic deflection of the

electron beam in a CRT Phosphor
Verticnl Coated Screen
DeNection
Base Forusing Pldtes

Sa'f;tzlm
(]

e
=

| Conndetor Electron 1orizental
i Deflection
Fins Gun
| Plates Electron
| Beam

* Deflection Systems: Deflection of the electron beam can be controlled either with
electric fields or with magnetic fields.

" The magnetic deflection coils mounted on the outside of the CRT envelope,

v" Two pairs of coils are used, with the coils in each pair mounted on opposite
sides of the neck of the CRT envelope.

QO One pair is mounted on the top and bottom of the neck, and the other
pair is mounted on opposite sides of the neck.

" Horizontal deflection is accomplished with one pair of coils, and vertical
deflection by the other pairs.

¥" The proper deflection amounts are attained by adjusting the current throu gh
the coil.

¥ Two pairs of parallel plates are mounted inside the CRT envelope.

¥ One pair of plates is mounted horizontally to control the vertical deflection.
and the other pair is mounted vertically to control horizontal deflection.

* Spots of lights are produced on the screen by the transfer of the CRT beam energy 1o
the phosphor.

¥ Part of the beam energy is converted into heat energy.
v The excited phosphor electrons begin dropping back to their stable ground
state, giving up their extra energy as small quantum of light en crgy.

Overlap

AR R R KR

Different kinds of phosphors are

available for use ina CRT.

v Beside colour, a major difference between phosphors is their persistence {how
long they continue to emit light).

¥ Persistence: The time it takes the emitted light from the screen to decay to

one-tenth of its original intensity.

_
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v e -p._-l,-.is..lq_l|||,'|: |1I||.h|1l|411'u |¢.'L|_|.J'm.' ]I!'l.l,ih:f relresh mes 1o perintain a pi-::lur-:
o the sereen without licker,
o Intensity Distribution: Uhe intensity is greatest at the center of the spot, and decrease
with Cinussian distribution ool to the edges ol the spol,

e Resolution: The maximum number of points that can be displayed without overlap on
a CRT. It s also defined as the number of points per centimeter that can be plotted
hwrizomtally amd vertically,

¥ Resolution of o CRT is dependent on;
O The tvpe ol phosphor
L 1he imtensity to be displayed
O e locusing and deflection systems,
¥ Typical resolution on high-quality sysiems is 1280 by 1024,
¥ High resolution systems are olien referred 1o as high-defimition systems.

= Aspeet Ratio: This numbers gives the rtio of vertical points to horizontal points

necessary 1o produce equal length lines in both dircetions on the screen.
¥ An aspect mtio of 34 means that @ vertical line plotted with three points has
the same length as a horizontal line plotted with four poinms,

*  Scanning Systems in Graphies:

¥ Random Scan Display
¢ Raster Scan Display
e Raster Scan Display:
¥ Raster: A rectangular amay of points or dots
¥ Pixel: One dot or picture element of the raster

¥ Sean Line: A row of pixels
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In a raster scan system, the electron beam is swept across the screen, one row
ata time from top to botiom.

As the eleetron beam moves across each row, the beam intensity is turned on
and ofT to create a pattern of illuminated spots,

Picture definition is stored in a memory area called the refresh buffer or
frame buffer,

Refresh buffer or frame buffer: This memaory area holds the set of intensity
values for all the screen points.

Intensity range for pixel positions depend on the capability of the raster
Syslem.

In a black-and-white system: each screen point is cither on or off, so only ene
bit per pixel is needed to eontrol the intensity of screen positions.

On a black-and-white system with one bit per pixel, the frame buffer is called
bitmap.

For system with multiple bits per pixel, the frame buffer 15 called pixmap.
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¥ Horizontal retrace: The return 1o the

lefi of the screen, after refreshing each
scan line.

Vertical retrace: At the end of each frame the electron beam

returns to the op
left corner of the screen to begin the next frame,
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L Stroke line style and color
LT sy b vl eavlon
Yo Aadvanitages:
L This minimal amount of information transkates 1o a much smaller file
stae, Hile size compared (o large raster images)
L On zooming in, it remains smooth
U The parimeters of objects are stored and can be later modified
(iranslormation),
= Color CIRT Monitors:
¥ A CRT monitor displays color pictures by using a combination of phosphors
that emit dilterent eafor lights.
¥ By combining the emitted light from the different phosphors, a range of colors
can be generated,
¥ Basic Techniques Tor producing color displays:
O Beam-penetration
O Shadow-mask
¥ Beam-penetration Method:
U This methad for displaying colour pictures has been used with random-
s monilors.
O Two layers of phosplor (red and green) are coated onto the inside of
the CRT sereen.

O The displayed color depends on how far the electron beam penetrates
into the phosplior livers.

U The speed of the electrons, and the sereen colorat any point, is
controlled by the beam-aceeleration voltage.

O Only four colors are possible (red, green, orange, and yellow),
O Quality of pictures is not as good as with other methods.
¥ Shadow Mask Method
U This method is commonly used in raster-scan systems (including color
TV,
O Produce o much wider range of colours than beam-penetration method.
O The color CRT has:
*  Three color phosphor dots (red, green and blue) at each point
on the sereen

= Three electron guns, each controlling the display of red, green
and blue light,

O Methods:
*  Delta Method: commonly used in colour CRT systems

= |n-line Method
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O The three electron beams are deflected and focussed as a group onto
the shiadow mask. which contains a series of holes aligned with the
phosphor-dot pelerns.

0O We abtain color variations by varying the intensity levels of the three
clectron beam.

O Designed as RGH monitors.

O High quality raster graphics system have 24 bits per pixel in the frame
buffer (a full color system or a true color system).

E lgctraen

Guns

|"‘..h‘1""-

.F'\-.‘

L, >y 8

Sl A Solection
T T | of

Shadow Mask

mMagnified
. Phosphar-Dot

o0 Mi'\xﬁeﬂ
190 “Sp—"| Triangle
i--

Screen

« Direct-View Storage Tubes (DVST):
v Instead of refreshing the screen, DWVST stores the picture information inside
the CRT just behind the phosphor-coated screen as a charge distribution.
< It uses two electron puns: the primary gun stores the picture pattemn, the flood
gun maintains the picture display.
v Advantages:

O Because no refreshing is needed. very complex pictures can be
displayed at very high resolutions.

¥ Disadvantages:

O Ordinarily do not display colors.

O Selected parts of a picture cannot be erased. To eliminate a picture
seclion, the entire screen must be erased and the modified piclure
redrawn,

«  Flat-Panel Displays:
/ It is a class of video devices that have reduced volume, less weight and power
requirements compared 1o 2 CRT.
v These are thinner than CRT hence we can hang them on walls or wear them
on our wrisls.
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v Example: small TV monitors, caleulitors, pocket video games, laptop
womiputers, portable monitors ete,
v Flat-panel displays ean be divided into two categories:
U Emissive displays (emitter):
= These devices can converts electrical energy into light.
= Lxample: plasma panels, thin-film clectroluminescent displays,
light-emitting diodes (LED).
L Non-emissive displays (non-emitter):
»  These devices use optical effects to convert sunlight or light
ronm some other source into graphics patlerns.
= Example: liquid-crystal device (LCD).
v Plasma pancls (gas-discharge displays):
O These are constructed by filling the region between two gas plates with
a misture of gases that usually includes neon (inert gas).
L A series of vertical conducting ribbons is placed on one glass panel and
set of hovizontal ribbons is built into the other glass panel,

O Firing voltages applied 1o a pair ol horizontal and vertical conductors
cause the wag at the intersection of the two conductors to break down
inte & glowing plasma ol electrons and ions.

O Picwre definition is stored in a refresh buffer, and firing voltages are
applicd 1o refresh the pixel positions.
O Disadvantage: Stricily monochromatic

[CETETH FTS NT RS
b A

el Bl

-
U RTEN IR
§

v LED:

O A matrix of diodes is arranged to form the pixel positions in the display
and picture definition is stored in a refresh-buffer.

O Information is read from the refresh buffer and converted to voltage
levels that are applied to the diedes to produce the light patterns in the
display.

< LCI
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U These devices produce the picture by p:l%‘.irl[.:’ pix ariwed !i:ghi from the
suprotnding or from an internal Tight source throwgh a lguid-cry stal
ieht,

nunterial that can be aligned o either blogk or transmit the

C

Liguid-crystal refers 1o the Fet that these compounds have a cry stalline
arrangenmient ol molecules which flow like a liguid.
culators, laplops clc.

O

Commaonly used i small systems such as ca

O ‘Typus:

o Passive-matrix LCD: The light is reflected back to the viewer.
T tuen of] the pixel, we apply a voltage 1o the two intersecting
conductors o align the molecules so that light is not twisted.

»  Active-matrix LOD: Transistors are used at each pixel location
which control the voltage ol pixel locations to prevent charge
from pradually leaking out of the liquid-crystal cells.

A, RASTER SCAN SYSTEMS:

e« i addition 1o the central processing unit (CPU), a special processor, called the video
controller or display controller, is used to control the operation of the display
device,

o Organization of o simple raster sysiem is shown below:

P Svslem Videno

: —=  Monilor
Moemory Controller

R =it il e | -

] | |

Svstem Hus

1

1Y e iwes

o Viden Controller: A fixed arca of the system memory is reserved for the frame
buiTer, and the video controller is given direct access to the frame buffer memory.

W
Svstem Frame i Video

1 . —
CH Memurs Buller I Comtroller

—=  Monitor

* e S - s

| |

Suslenn Tars

|

103 13 v ices

«  Frame buffer location, and the corresponding screen positions, are referenced in
Cartesian coordinates.
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= Sean lines
es are them Libele Fromm v, 0l the top of the screen 1o O at the hottom, Along

wl
cac e seam line, sereen frisel positions, e labeled from 0 1o %,
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eritions can be performed by the Video € untrnllu
¥
v

Relreshing BpErilion

Framstormation (Areas of the screen can be enlarged, reduces, or moved
during the relresh cyviles)

Basier Sean Generator
v Register ¥ Register
Memry Adideess

Fravme Buller T

S
<2

Intensity i
S I o
s Raster Sean Display Processor (DP):
¥ A raster system containing a separate display processor (also referred as
graphics controller / display coprocessor).

I
|
I
168 Devices
W TSRS R ——
| L SystemBus
.,I gy CPU Swehemn i
Y izl Menwny {
i
E.:.uu-: =l . Video  ha | spanitos i
[4aelts £ ogptnolie l |
e s e e st k=

v The purpose of the DI is to free the CPU from the graphics chores,
v A major task of the display processor is Sean Conversion,
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¥ Scan Conversion: is digitizing a pivtuee definition piven in an Applieation

program into a set ol pisel intensity values fin stosringee i the Teivepe booFlies
¥ DP performs the follow e additional vpertione:

3 Generation various line stvles dashied, dotted, or salily

3 Displaving color arcas

O Performing certain tsansformation and i pulition s dlisplay nhipeots
A RANDOM SCAN SYSTEMS:

L] 411 5 — i
The argamzation of a simple random-sean {(veetlord system is shown below:

Jgviem B

1
«  Graphic commands are transkited by the graphies package into a display file stored in
the system memory.
* This file is then accessed by the display processor unit (DPU) (also referred an
graphic controller) to refresh the sereen.
» Difference between Raster Scan and Random Scan:

B R s ——— o T
-_ i I : T iif
| L | el
|
. ] : l dhijd
I SRR ; Bt DELE Ty i wsiniiiomg LA IRIE 1)
: 1 e |
i r ; i""" Vsplay 4 lipstier o[47"y
| i 'r
1 = | i E =
1 | E 4
|
L] S Z i
. | ] S, i 1 P
i J —_—
] &
- =. l; ™

I BT S Tl

3. INPUT DEVICES:
s These devices are used for data input on graphics workstations.
+  Some of these are:

3.1 Kevboard:
» An alphanumeric kevboard in o graphics system is used primarily as a device for
entering text strings,
o [Itis mainlv used for entering nongraphic data.
o It facilitate the entry of sereen coordinates, menu selections, or graphic functions.

Downloaded from www.L ectureNotes.in by Deepak Garg of Swami devi dyal institute of engineering & technology with registered phone

no 9999234890 and email deepgargak2010@gmail.com. Contributed by Jasaswi Prasad M ohanty



https://lecturenotes.in
https://lecturenotes.in

* Lursor-control keys are used to select displayed objects or coordinate positions by
positioning the moving cursor.,

«  Lunction kevs allow users to enter frequently used operations in a single keystroke.

o Porspecialized applications, input to a graphics application may come from a set of
buttons, dials or switches that select data values or customized graphics operations.

*  Buttons and switches are oflen used to inpul predelined functions. and dials are
cemmon devices for entering scalar values,

e Real numbers within some defincd ranges are selected for input with dial rotations.
*  Potentiomelers are used to measure dial rotation, which are then converted to
detlection voltages lor cursor movements.

3.2 Muowse:

* A meuse is a small hand-held box used 1o position the screen cursor.

e [Ruollers on the bottom of the mouse ean be used to record the amount and direction of
movemenl.

*  Muouse motion can be detected with an optical sensor. In this system mouse is moved
over a special mouse pad that has a grid of horizontal and vertical lines, The optical
sensor detects the movement across the lines in the grid.

# One, two, or three butlons are usually included on top of the mouse for signaling the
eaceilion of some operations,

o The Z-mouse is a special type of mouse which includes three buttons, a thumbwheel
on the side. a trackball on the top. and a standard mouse ball underneath.

¢ With a Z-mouse. we can pick up an object, rotate it and move it in any direction, or
we can navigate our viewing position and orientation through a three-dimensional
sCene;

= Application of Z-mouse include virtual reality. CAD and animation.
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5.3 Trackball and Spaceball:

« It isaball that can be rotated with fingers or palm to produce screen cursor
movement.

«  Potentiometers, attached to the ball measure the amount and direction of rotation.

s  Sometime trackball are attached on kevboards or £-mouse.

» Spaceballs are used for three-dimensional positioning and selection operations in
virtual-reality svstems, modelling. animation, CAD ete.

* A spaceball does not actually move.

*  Strain gauges measure the amount of pressure applied to the spaceball to provide input
for special positioning and orientation as the ball is pushed or pulled in various
directions.

5.4 Joysticks:
o Jovstick consists of a small. vertical lever (stick) mounted on a base that is used 1o
steer the screen cursor around.

o Most joysticks select screen positions with actual stick movement. others respond to
pressure on the stick.

« Some jovsticks are mounted on the kevboard and some functions as stand-alone units.
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¢ lhe distance that the stick is moved in any direction from ils center position
correspomds o sereen-cursor movement in that direction.

™ L T Af g il » i i H
PPotentiometers mounted at the base of the joystick measure the amount of movement,
il springs return the stick 1o the center position when it is released.
e e L S : 1

*  Pessure-sensitive joysticks have a non-movable stick, Pressure on the stick is
measured with strain gauges and converied o movement of the cursor in the direction

spectfie.,

5.3 Data Glove:
*  DulaGlove is used 1o grasp a “virtual” object,
*  Ihe globe is constructed with a serics of sensors that deteet hand and finger metions.
* Inputs from the globe can be used 1o position or manipulate objects ina virtual seene,
s Atwo-dimensional projection of the scene can be viewed on a video monitor. or a
three-dimensional projection can be viewed with a headset.

5.0 Digitizers:
A digitizer tablet (also known as a digitizer or graphices tablet) is a tool used to

L]
convert hand-drawn images into a format suitable for ecomputer processing.
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* Images are usually drawn onto o Dat surface with a st¥lus (a small pen-shaped
instrument that is used to input commands 1o a computer screen,) and then appear on
i compiter monitor or screen.

*  Digitizer tablets can also be used us an input device. receiving information represented
in drawings and sending output 1w CAD (computer aided design) application and
PC-based software like AutoC Al

5.7 Image Seanners:
* Drawing, graphs, colour and blach-and-white photos. or text can be stored for
computer processing with an image scanner by passing an optical scanning
L] - . X = =
mechanism over the information 1 be stored,
* The gradations of gray scale or colour are recorded and stored in an array.

* Using the information stored in the array the picture can be rotated, scaled or cropped
o a particular screen area.

. _Sc-mc scanners are able to scan cither graphical representations or text. and they come
m a variely of sizes and capabilities.
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5.8 Touch Yanels:

 Touch Panels allow displayed objects or sereen positions o be selected with a louch
ol a finger.

+  Normally touch panel is used for the selection of processing options that are
represented with graphical icons,

*  Touch input can be recorded using optical. electrical or acoustical methods.
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5.9 Light Pens: ‘ W
= Light pens are used Lo select sereen posiions by detecting the light coming
points on the CRT screein e
o  Anactivated light pen. pointed i s spal on the screen as the uluel.rtml I::cam Ii s up
that spot, generates an electiical pulse that causes the eoordinate position of the
electron beam to be recorded. ‘
e Recorded light-pen coordinates can b used 1o position an object or to select a
processing oplion.
» Disadvantages: . . o o
v Light pens require special implementations for some applications because
they cannot detect positions w ithin black areas. ‘
v Light pens sometimes wive fulse readings due to background lighting na
rooim,
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Voice Systems:

Speech recognizers are used in some graphics workstations as input devices to accepl
voice commands.

The voice-system input can be used to initiate graphics operations or 1o enter data.
These systems operate by matching an input against a predefined dictionary of words
and phrases,

A dictionary is set up For a particular operator by having the operator speak the
commind words to be used into the <vstem several times.

When a voice command is given, the system searches the dictionary for a frequency-
patiern match,

ITa different operator is 1o use the system, the dictionary must reestablished with that
operator’s voice patterns.

Advantage: The attention o' the operator docs not have 1o be switched from one
deviee o another to enter acomnuinl,

4. HARD-COPY DEVICES:

We can obtain hard-copy output for our images in the following formats:
¥ For presentation we can produce overhead iransparencies (35-mm sides)
¥" To put images on film. we can photograph a scene displayed on a video
monitor,
v We can put pictures on papers by directing graphics output to printer of
plotter,
The quality of picture depends on dot size and the number of dots per inch, or lines
per inch, that can be displaved.
Printers produce output by using the following methods:
¥ Impact:
O Impact printers press lormed character faces against an inked ribbon
anle the paper.
O Example: Line printer with the tvpefaces mounted on bands. chains,
drums, or wheels.
v Non-impact:
O Nonimpact printers and plotiers use laser techniques, ink-jet sprays,
xerographic processes, electrostatic methods and electrothermal
_ methods 1o get images onto paper,
Character impact printers often have a dot-matrix print head containing a rectangular
array of protruding wire pins. with the number of pins depending on the quality of the
printer. Individual characters or graphics patterns are obtained by retracting certain
pins so that the remaining pins form the pattern o be printed,
In a laser device, a laser beam creates a charge distribution on a rotating drum coated
with a photoelectric material. such as selenium. Toner is applied to the drum and then
transferred to paper.
Ink-jet methods produce outpul by squirting ink in horizontal rows across a roll of
paper wrapped on a drum. The elecirically charged ink stream is deflected by an
electric field 1o produce dot-matris patterns, )
In impact printer we can get limited color output by using different colored ribbons.
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¢ Non-impact deviges use various wehnigues 1o combing three color pigments (cyan,
magenta and vellow ) o prixduce range of color paticms.

*  Drmlting lavouts and other drawings are typically pencrated with ink-jet or pen
plotiers.
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Let Py - é-‘j(clj -64-':..) whong, P ¢ The deciciam Vearciallq

fo we howe :

e 22 by ok 2 ey
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3
case 4: f P Yo dhen dy >dz 1

Cheose the point B @) ;)
case 21 :f Pulo ten 44

s e e Ao b
ES’ 'Pk. -0 Ahon Cﬂl -':CL.L
Wb eidhos A o B,

Cafe 33
e

Chapse m.ma( To!

We can also find
Porr = RAX Yoy — 2% Ky + 2dx godx -—.:ia,
So  Pry—Pe= Rda Chen=Y%) = 2dy (wai U )
=> Pray = Px + 2dx - Qd"}(”’:mf k)
Nole fhad dhe velae of U™ T will be eithry 4 07O

Case 1 If we chooce. ke fofﬂii‘ 'E}C'lu"""' :%H""‘-}

mkau'_rxh_ =1
So P‘Iﬁ.rtl = Pt QA“I“RC!H.
case 2 T we chome the PXd B A (2 %k."r'-)

Coladodion of Taikied Tecision Poramedey o

We  hove
g 2yt A -y

Pudking k=0 B =
We knad Hhe equakion  &f dhe Line t&  §= mx+C
Cp we hove by = M%oHC
ﬂ\? i Ef'o-—-m"'xu

= Yo 2t
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Pcd#ﬂg dhe valwe C én Ho aloue gou’’ e e ve =8

Pﬂ - .2_::!"1' HD _'}xdgﬁ'{a 2 d.":{ - ?\vcl?ﬁé[g —+% iL—_}’fr — ol

{s oy

= PD = :lﬂl"{-—rc';g,

Alsorcidhm

1, Jnpd dhe dae end -Fc.eLJ—':.. of 4o Qine and stos€ Al
ldl  end poid as (o>o)
X- Plol e first  end poc (% ,'%)

3 Calcuwlele c:l’l: Cb&’ , qu 5 ."{I Zsd ohtain 4 5%@1%605
vadue  fort die decision  ponamoler as i

b = 2dx« -d,a,

b, AL gach " Mmgw fiue squ‘tl—mg s bep F,erﬁ_{;--,-m

dn JGHMETE lests -

1f P Lo, dhe nexd poud 4o plet es (ﬂ{;,;,;fkﬂ\)
m«c\ Prai= P+ 2dx
Odheeors® , de  nend poiud loFlot ts
mMc‘ Per = Pt Ilcl"ac—-zd:f

E. Reecd Clep 4 dy demes

H‘-""Lﬂ 1&%03 E’»Y’ Breose nham  Line J?rt'ﬂlci‘éqg ﬂl&b‘ﬁé*lhu-]

@;{H > T l \)

e

- A.n J.‘,'UL'E. MGEEIH-EJ'}'}QJ El.l_aﬂ'ﬁ‘ E'-'“L'-ﬂ
— Uces mwﬂﬂ, entexat  calocfedians
Bresenham Circle Dronng A-.E@*Hhm

Lel ws ossyme we howve ?UEVIWQE—
plolied o pordd (70,4,
The  nead fami‘ lo ke cheesen is xﬂfﬂfvﬁh‘iﬁ
in bekoaen N@+1,4) am (A, 41
Has alsssedm il find e cliskancg
ofN, 8 from e crecle S )
Le) Jhese dRlamces ane $(N) ﬂ-»«r\ $(sY,

—
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Tt @l calewdale

dhe crTes in /{E&) &m{ J*CM) 36
Whichever  wtll have  fesg emoor ol b St.tL{c;'i-:fi
We have Q-tI,uﬁ n(-‘ f1||f,-\,g {'ILFE{LE
5 Li":'__: m?"
So we howe gf,m[lafm
fea)=x g™
Now §(n) = f (i a‘i’) (q{ M\, +(4 ) o
and  §(8) = £ (A Y- 0,@{%) I(a’"l)rl‘i
Lel s dﬂ.f'i:sxﬁ dlg olocesian F}cfﬂ'tam_gjﬁ-g } c.l; = 'j-('hi) "l'lf(g)

e by pepud M 06 oudside H’Lt@ Ctrcfiszh UL{LLQ, dislane of N
2:: &ii c{::: f};-: ;Ei?i” LZ (s mfic e recle | Al dizlane
of & friom e pamcle te. $(5) ¢S F\_QIELL‘['EUQH_
] Ai<=0 : the leam f(¢) is :ic-mmc:,lma = Pt Nis C*D”Lm“l

S e trad Ha~‘ﬁ1
EE; c}(:_")-t} ;

¢ Ao lerim I}(‘N) i crl.(i-?m I'}:(,Lmé ___\7 i e s {—_;;[Q.:lcr:,
———— .____._\7_, Pey = ’XT'H Q-MC\ d'r"\-l = H'Th_\

Noo  di = 2(aA ) 4 4 (=) = 3>
\Q}WWL&

.H Q(m‘*ﬁ)*ﬂm—?(‘&m ‘\ R
o 7 T 2[@“““) (.'1 "H)]"' %-H lal‘ “\'[tél"ﬂ 1) Uﬁr_{)

= Cb',..\. = "‘1‘ Q(E(f{ ‘H'H\) t:nr_ +1-)1+H'1+I ~& "’?[Lém_ll) (%1 1)

= 2 290 -Jr _H"' " i
e b g A a4 (-0 (-0
s el e =

tivi =4
So diy = ci;-{LR(E'l;ﬂ)Jr B0
= di+ 4 A
M Yivi = i)

So Cij].!.-'., =d; ¥ l(i‘i.’-’r.’.’;)-{— (H’I = '\,JL' }:L"}‘ (En 5. F‘?’"(‘d'i—!’j}ﬁ
= ALY BN Y (-1 - 1-8) G2+ -0

= AT BG4 | ~Ry, —R4i+3 CHim2-%i+1)
— "_d -ﬂt-Ll(r}_ H'L "l"D
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Calcclation r:]il Tnitial Tecisin Pastamelery

j.!'l.,-.i rl:I‘-T_,“_H Gt =0 Cl{"l(; % =TL
We Im.w}l r:i; = = ( 2 |)1+ ld’il’}(lrjfrﬁl)l— Enl
Pdken ;= 0 and Y. -1

5!:- = R -+ ;[rl_}_[[[._[)l_,;?n_l = 3~-2MC

A 'lgurr_i Ham )

Sier 1« Oblain dhe readiwy of 4he cirecle re
Step 2 3 Gt dhe bage deciswn menmlr:-f d=3-2r
skep 32 Seb the kase values of Mo coordinales =0 and Yor

Skp 4 ¢ Compuke fhe nond Pémh on dhe cireele Cw.% ﬁLiEJQJ‘E-.._
e decision Lacder
while (A<= Y§)
plot (x4
¢ (4 <o) then
Ad=d+Ua+6

elee
d = d+4 (1) +10
¥=t%

Erd el

H=A+1L
Eru{ whala
Sk} &1 Fenashe

Efr{arq?_lﬂ: Dreewd e cincle cenlesed at (ﬁ,:‘lﬁ) wedh Wc[:f% Ta)

SoluaN 18 . dw B-SEe"2L 06 - ~\7

(r;t,)%“) i J@Jm) = (0510)
. Plot (Djiﬁj . As d=-17 £0 d= d+ﬁ,a+€:-n}x~_i
Ploy (4,40) « d=-14b So d= —_N4L.d46=—| , x=2
Plot [:‘e__?i_crj_‘&z_l.(,ﬁ S0 d= —+4.2+6=13 , x=3
Plol 3,10) . d=13>0 Sod= 1.3-’1-*—1‘(:%1&}—1-1{3:-5; ¥=9, 2=y
;ma){ tqlc; . A=-540 8o d=-S44.446=1F, q=©
lo €,9). &=5>0 Qﬂé{:]q_—\—q&—qj—ﬁ-'jgn 11, Y= % . %
i Y =24 4=9; %=g
Pt (6,8). d=-1%0 Sod-= ;|+q.(4-_2>+::u[a,-§:;r§;?:
Pt (£, d=3 >0 & 4:13,.+Q(¢_;\}'_}_m.;i3 o gt
MNowo -1’.{1:'&1, nel calsg ‘Cifc" co EFlaF :

w_l—
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Drtaweng

Mid— Point ?frfr_m,\ﬁ.\.gﬁiﬁﬂﬁ"ﬂ_ -

The E%‘*‘Uﬂ'fﬁ"? fort a circele és |
e glﬂ e i
here ro es dho wadies 8f Jho cireelo whose conter ts & Jﬂ)_

Friom Jhis E@umﬁm‘: e hove
'ff: 3 ,] o
—
Feom flus we can hawe ‘o= (20— 0" = 20

d1 = -a|-5r:-l—'i.l & 30

'E]'L = JRe=-22 2 20

G = Jzzfal-m’r exlis
H’:c} it NE 2@2._2:;""'.:'5

s es nol dew officiond woy ol STnbing dhe vales-
o4 ¥ ok anik o invvers . becanse. cﬂ}%mqfotimar@ TeGRLoNns ;

— The ne,&{d:lfng cirtele has ﬂaﬂ%}l QCLFE ;
_ The colewledions o5 not Ven elficiont as et has

cquang ( mulkiphy) omd Squane foot ope¥atien.
Med — Pocwd  Cincle c:ﬁ.ma,n.)eng Lo on E'War:;ﬂu_-f': q,t%gnafllﬁm_
To make cirtcla dwasoing alpueidhm Morea .e-?fr;g_;gu}
Lo cenkn e cire ad (0:0) . By doing ris dhe ks

Wil howe QJEH—LOO# g.kda*nmﬂ_.hau

L t"‘ﬂ.uﬁ_

Ta mid- point cincla mlgmi&hﬁq G’i’%ﬁ (1)
we use mg@-w@E s.fmm"cng,
" ever, caleudadt. the ) 4.0
Poiuds “fore the Lop raphd-
Qig%h@'rn of o circlo, :l:jné, dnen ( ) A ,1‘7
& Yo Ao Yy -~ )
tesd c;n:’;m :::fg Foi%j‘& : \\<
—"1,*‘1") @J"i"}

The md-ﬂpom:ll cireele A—m,unmg ftlgmﬂw,
&S ‘tﬁuﬂ]ﬂf’fdu_‘&’(‘f/ Jock. Brosenham.

A
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) 39
Acsume dhatd we heove (st (0, +1 ?\&.0

plole] porect (i ) (QE’EQO? i
D

The hewtd poicd s g choice

bedeoeon (2 + 15 ') o) (At 5 Yo D P (HeA| o). -
We Lixe lo cheese Abg soiid Aot q)) C O \‘K‘CJ_
[l S M&jtt}bl LL- g C:tr!]urir_;‘l{'ri.r{lﬁr :R
The oqualion of due citecle be _ CWJ -_ d}—-—--— \Y U(

wrullen as
QC('T. ;‘a’.f) — "J{J—Jt"%f?__, TT_L
The equetien pucluodes as Lol -
/\D 5 E"q @3%) LS i.ﬁSr':A..E' ’ff"-.ﬁ r_irc.,er_ {-_—,x:urx(}q'-gg_
‘}(ﬂ)%) = (=0 3 E’? ("XﬂD s on g C.if‘r(LQ Eﬂundcﬁ,
\?D_; i,;l .(ffj‘-&—) (S D(..&_:!_E.{'ECL,Q Alg cireele rﬂa}
E‘al Q-Uﬂ.jl-‘(-p&;frﬁi Ae I;uﬁc.riﬁcm ot Ahe i) FQEL.\;{ Leteocen
@('k,'ﬂ J"ﬁ‘u:_) M‘i ('?Lk'l“;. ‘h“‘) wie can moke oust cLQuE--:@";
The decicion vorGalkle can ke ch.fSenﬂ,% as :
?K = g' ( "J"{l.g_"‘r|I s "&lg"l-;)
e R T\ o Y
the mee) ?ctuér @ﬁk"f" p%f’k'"%,) re tneede Adla
ciredle e Q’?‘"'-k‘“‘lj"ffk) te closet 1o dhe cireela
Eles the mid poruk (tx !, -k es owdside b
—_— circcle  ze (f'itk—flj Lj,k—l") (& closers

TF Pe <o

2 2
Qam‘m—ta, Pk = (I'}Lkﬂﬁ- L) _%(‘E]Lmhmg) -
= Bcn a3 (s -
o .
o= B = O (e '+ (i)~ (et
= 0 ) 2600y +1 -0 (‘hﬁ:- ‘ﬁm*{i) _

2 2 ¢ %Kl-'- 4
= Bt = Pt (4 ) + (K, — e ) (x4 *ktk) Ql
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Lo Pedo . So s, = dx .
PE{-H: T + Q_mk_,.ﬂjf'l
CalSe 2 Pk\?ﬂ Co ‘ﬂk.r"t‘»: lgl{.'—

Pear = Pt 2':’(;;:,.4_ L =24, + 141= P+ 2% "2 (Léh;-p

=Pt 2%, 41 -2
Cﬁjcu.la_i—:dﬂ of  Inikiad %:f&rm VGLTrQLL{; k+ fa

We have f= £ (¥, -1

pl'_.-'-.‘ljc“{r'lg lk__‘:(:} 3 P«D — (fxﬂ't'll %D .L) g(ﬂ'-ﬂ.
Locause we will eend {reem Ae Pc:u:f' A ]'ﬁ‘-fmc Cccr«-{mqk

ko (60
So Po= f(1,-%) /%\
= L4 (r-Ly —n® \V
= 1+ ﬁlurn-r-"qrml
= 2 - m1l-w

Lt

Algorcifhm

Sepi Inpud radias e and emcle centree @’.; %), thon sek

P coordinales fore dhe fired ft:eu.{ on he circcumferanc
of o circle centered on dhe Crugin @S s
(qon‘d-c‘) (‘:‘ “'-)
_{;ﬁ% Caleuwdede dho Lf‘ujreﬂ_,t valug D-{ e docicion quzqmd-@y
08 Pﬂ {{i =G A4 TE

SLQJE:?’ %:Ef-tﬂl:cr‘!'ﬁ wdh k=0 ot ecu:in Fosc‘hcm Ko f)‘?’“glcm“i
the gml{wﬁ"mﬁ -l—e.!s_\,%s
T8 f L0 , He nood poink along fue cirecle
cenleved on (0,0) ¢¢ Pt 5 S r:t.--"tc;,
P"H"L =Pt = A1) +1
Flee He nod poid along de circcle ts
(;;rth-l-l , 4~V ond

Peay= P+ 2 ’lhﬂ"l‘ 1—‘?}}”1
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T— — e

44
S0 Y Delercming 5ﬂ-mmehﬁ. ?muﬂh én dhe odhes seven f:cétm‘x

Slep s Move each caleudald poeed poschion (,Y) enlo dne
cire culoy F{*-’”‘ cenlered ot (j("-"lﬂtfn) to ?!54 e
toorcdinate values;

N = A4+X, 'E]LT }f"!‘l’]!a
Sleg & Qﬂé}emﬂ sleps 3 to 5 ankl ’3’1725{’ nel sakisiied]
5 (Repeat while ey
_ﬁ'ﬂl’_ti Driaw o cirele cenlerced at (0,0) with radiut 10
St (o) = (6,19)
Py %# 10 ~ 4_-10=-9
k=0 so nexk pod to e plotid is (i_ﬁ_"-‘lg"”m fo o
Prz BB+ 2.1+1=-24+24) = - ¢
k=1 Ned pod és (R,10) sinee Py <o
Fas P 4+2.24+1 = 64 4tV == |
k=2 Nex} poed s (390) <the P> €0
e B H2.2 11 3 — B Glle=F
k=3 Nexk poird &8 (4,5 sty >0
Py = P22 43 =20 =61@11=18=-23
k=4  Neod peid s (§,0) sitne Py Lo
fe = l+2.5+ 1= 24104 =9
k-5 Nk l‘)[;in e @)_Si‘f‘itq Pe >0
Pe= Pst26+1-2:8=28+1201 14 =¢
K=6 N ey d Fc,-[q_ﬂ eS Eﬂain{a fe >0
= et 2 FH1-2. 3= Gl =6
N ow * =% S slop
Nole dhal for cathdina poiuds (1,40),&:49), ... ;D)

i cfmiﬁrr_nimﬂ, %ﬁ; &aﬂhmh'a, FOEL\J'S & -]-:‘I,c:l;.
Advaniage
Eighk- Doy E\dmmgha can 'nuagnb;, seduce e wark n

&ﬁammg o cirecls
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bz
Compastis e 0§ Bresenham Circele Dwowding %\Mﬁwxd& & 'urclcﬁwcm@:.
— B rasenham E&,,‘lgwi:%xm resue ¢ o much @ore emoothed circle
CDIT\?CIH_QE\\ lo m‘{f‘LTo'm_jf cireclo ﬂ..\j‘l‘_:;(r'néjl!ﬂm,
~ Tn'mid poced | Adeciciom pestame le dopends an Preovidud
ckf&#:i‘:izﬁ“ﬂ FQE'C.HT"'LJ:‘!:‘.‘:‘“L'- L‘Lﬁ(\\ r’t-"{-'ﬂf'-%i'm—rc{.rﬂ‘f ey, L:, f&L_t‘-Fs.Frc_g
en BreSenham  decision  peasan o ber ;;'Ei,h‘ defends on
PRevesus XO (S om F‘iﬂm’vm:l-{rﬂ & }’ '
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B

Two Demensconal Treans{oremadiong 42

-

= Tﬂ&ﬂﬁfﬁnmair‘ﬂn means O -f.’fﬂn%&- tn Cithoy FDSch}n Ot 28 o
\.S-I"JQ.PE org m(.}Eﬂ'!ﬂ_'{";‘{"ﬂ t.'."brl" f_'}_ng/ g”qf'!‘l&f&,’. f:'éj’lff'l.

- When a hﬂﬂ&fﬂ'ﬂmﬂ#cm takes ‘,’:?4"(103 on a =D plane el &s "@f'lﬂ‘qj
2D L rensdetmadim

~ Dedlosent {ax[;es, of dansfromatios are :

1. Taangladiom
=2, \Emﬁeng

3. Rotadsom
4. Refloction
L. Ehacmrg

Trang ladion

— A \rranglebion  &s a.\:{:-b@cjl to an Difj“?fﬁ Lﬂ “Q*JP"“}"EN%E,
et a,'émg o s-ln:ugl'«:ﬂ-ﬂjhﬂ fnﬁ\ Arom one cocredinade
locakion 4o @nother .

— We 4tranglale a {maaﬁimﬁzngc‘md PGE“JEL L‘-“ﬁf QCL(L;EEQ- "
Lransladion dizdand@s —ix ond 1y b dhe Grt-'@ma.l C in
____.__._-—-—-—-—-_'_'___--_' 2 s (
PDSEHcm L@:‘j) Yo move dhe %:g;::-d 1o a s {:ocs»hm, f’?{,‘a:l)

o= orta | =ty

—  The ans\alion  distance i:m}r G:ﬁ{‘lfaa) e called e jmﬂ:ns‘ﬂjim
veekss ot shadl  vecdsr.

—_—

. as the follodin

‘F-ll:s PAT
ol b o Fas Y2 | brensak
- ?:i’;l ’?#iﬁf-i]:' E-Lﬂ’ 'm;,l'ri-f}
—  Trtaneladaom = o T‘Ll%icl —Eo&? ’cchﬂSrFaﬁh’uﬁm thad maves
DBJQ(‘)(: Scdhnd  oemakion.
— A kman &kmu:lgkf Ling EE&mEb\:IJ te translate bﬁ ﬂ_{awa-éqg

e bansdeomadio equekin Jo each of dhe ling 2nd

?;t&:&gw rrecl-fm}ﬁg dha Qo ehicon pew -Enc!
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f}{r

— Pcﬂa'&ms Qg han&‘lqi--ﬂ bﬂ addi0 Aha .
e f_} @T) L7 i
lﬁﬂnalqiﬂw veclet 1o '{}L«Q i"CDf'cc‘:r'r“tcL-'r(l ; {( 4
Posiion of pach vevlax and regueraliop o it
the f}da,gm astnd hew setof versdox ccordincdes. Py

— To {tranclale o cireele orc Eﬂ.i?‘;c_ Log 'hrangku{c!

’J_PL?. {"En{@n_ rmncﬁr‘f}ﬂjﬁﬁ an] mchr;lu:l r!l'i‘_{l C‘ET?({.E o EIEPSQ,
N que ned  cenley.

Emn ample Translade Jhe  Line  bokosen edd boteds Az
B"n‘\ 13’(_ ?Hé) u‘-‘?:jfw Lreans (adion Jactoss tx= 2 , -la'_: 3
1 E’IC‘SJ—{'}

T B
e
L/

[ A

S Ecd?:mg

- A scaling trancdormation allers Hhe sezo of an pbjoct
~ In dhe scalig prowss eithere we expand ot Empross dhe
dimongion of 4ne object
- Scaﬂjrﬁ can ¥ achioved btf M%‘Flﬁ(r}é the ’:’m%f”‘-‘-l'
coorcdi nales Of dhe OEJEc% wuth e gcaling fectes 1o
Bed Juo deseved vesalt.
— Lot P(%Y) be the owgtnal coondinades | dhe smﬂfn§
fados ase G scaling facdoy adong  ot-amis
Sy & ealing lactt almg  4-anug
ond the prodeced coordinedy ate (o yh
M&J'&maﬁ?fﬂfg_

a'= .S amd §'= §-5y)
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If we dencle . f) ‘53 P and (4D “f P! hen 45 E
p= P& .
Tn makex {’W’-‘V} 5

h‘l'] - isg ?‘33] H]
NoTE:

1) Any peseleve  numertic value can be assigned to dhe scaling

!Fﬁf'!lw' Sx and S ab Vedwes 109s dhan 1 ~reduce he siel of OLJ"EEIS
whereas valuss®™ groades fhan 4 Frmc{um an Eﬁlmgmﬁmﬁ

2) When Sx = (L]; e smﬂmg s o u”“M

3) When &y %QH Jhe sm,ﬂmes is Q c:bj‘.ﬁo-mnhd &ca.ﬂmt

) The above smj_mg ts doneg widh r'm,‘iqbec-} Drugen

= =
Eganglo™ HEC-LQnELQ ts dofined as [ | O 3:[
Scale 4he ruzrrlcanghl with scaling factes Sx=2 and Sy=1 '

i

Sca,,tmg .. %. qcifmﬁ }?DE“JD ("lg*h)

1, Translale e fined porut  to dhe oreipin
2 Scale Hhe object  wih rasped b ovipin
3. Relvanclade dhe Efﬁlliné- QLJP('E 4o {}n&%ﬁﬂa—! Pe

st
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Subpose e have a mdangiﬁ ARCH
'I-IME-‘.}E Cmﬁ&frﬂkﬁ A, Cq:r -}\d-l) = E(’Z?}Eil)

; A B
(%5, D( Xetr ) - i
25%3) & D Xtsiu I{'rj,;a_;}
We want to scale the mffﬂf'hétﬁ_ - A
et .5ca_lzﬁb {c-('l:m Sx and s

ith -’re,ﬂ-#Ecjc o poiud (r;n:{ 34} T

Alkes  Slep 1 (Translate to L‘fﬂi%'ﬂb
the  pocuds ae

i (,II—’?L; e l&g

|

B = (Qi,&":{% 3 L&"L"‘}g)

!

'z (ta-7 . 5-H)
¥o (=%, - itg)
ASkes Slep2 ((Scale with ﬁﬂ&%xfjl lo gwegsn)
’6" ((%“%)5‘1 %@t"ﬂ)?ﬂ
= (Bet)sx, ($274)5)
o' = (-%§)%x , (§=-45)S¢)
= ((v) 5, (1 46)5F)
AL Yers .Sl-tf 3 (-ﬁehanah.ﬂf& to dhe mr%rml ?5554%5@>
= (@“.—"X{)gﬂxﬂ’r’?‘i& B E&i"‘&g\)&&%“é—&v
B = (Ea-x) S+ e 5 (F2-95)Sy +s)
= (@o-2%) %, (ots)Sy + i)
(@L{-‘x@&x %, (Fa85)Syt )

In %@nﬁd f'x: = 6{ ﬂ%)gfﬁr ‘5’(4: = f)f.S«x-i"x;:(i'f’@

= $-90% th = vy +450-%)

1!

In makren foomat

- G
[31-[% &35 el

46
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NOTE :

The [fincac) poivd ecan be any brivd tnside oo o
oudside of o cbject

Pricllom  gcale  dne vedanple  A(1,1),B(5.D ,c(5,3),D(153)
toudia ﬁmud FD{-L@ (5,?.‘) and E(_c&fjr;g L;:--:’-»:FS _QQ:EJS;:E

== w50 z][il+‘;E 3“’-?111
sl CAAR A )
e =[] = (3911505 =2

= ]
g FI N PRIV

s
e PR N £

- E+ -]

~ To gQrLe-faJcﬁ' a mrotadion , we have o 5]”‘9‘“-'"% * ”ﬁ{q:"l“m

anple o and the Faaf#::n (e - ) a}m+ﬁb+a;u;ﬁ%kJ
wd (§ ek dad  oujeck s to ke Totakd]

Potnd (?%“33 alouk g -

— Possthive ~alues Sore Ao @ rotadion angll cl-qu-u:_
counktriclockwise.  rotakiond akoud Ahe G vot Fc:;r_& and
nQ sadive valuls  rcotalke o':ijEcJ;s en Abe  clockwese
A2 g e ke |

— Lol us drecusst de metadion of a 13'05“1:& PE’“aEf)
when dhe  pevot point e o dhe OTED 3 ©,0)

]?D’Lcl:l_-i or

e
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e T

Suppose P s a poiud havénd coordinodes @c,%) ‘s *ﬁ'c.‘.r}cp_lfuli 48
widh an angle B widh geshect
to DI‘L:%{'F}

Afles voladion  dhe ,Fafu;l E.s;
P" Hr::l.,uin‘a cooredinales (‘7(; htp-)
Lot C ¢ dha conclant
&I:%cmm Yo Jﬁmn}g (Pcﬂsf’)
o dhg oradn |
C,'f) te Ao orazinad a,ngujms ?05&4%@1 of dig Facu&r B Avom

dos }‘}crvtz‘:mﬁqj Cm_ama),

e polar cooredina tes '&F P can be em]:ma%&d ax
A = tt cos @
=K sing

«S'Em‘rfcrrfdr, Hha F;D[a,.n cooredinadcs of Pi can be e"f"ﬂg‘#%
A= rcos(dre) = meos.cosO ~ D PusinG = A0SO~ {sinb

'ff _ [T gtn (q)—}e.)_ reSend.osé + fecosdh Sen = "?{Scl‘}e-{-'&ﬁﬂe
1n Ima}‘r'x »anma.ﬁ -

! {eos & -‘smeli l Palaﬁmm Makst
tf' = 1e&nd fcosd € ngi:dndwkuﬂﬁ
Cot 8 E.H".IE' 2. Poladi MQ,HE'JL i
«b-:m,rlc\ﬂ)-’i [-_ 1 ._5“-.5 cns.e Yo o
Rola}lﬂ": about a 4{'}[{14 'j:aq} ("1.5 %&) clock edis® r?_uchm]

Tﬂ rotade o poid  P(ay) with reshed to a Yexed ok
@t{a‘j}) towth  an ample B follovo  Jhe g‘ol'lcm.‘-"mg S
L, Brunpg dhe J}cﬁuﬂ ’Foitt_ﬁ o dhe oreigen
The coordinales of P el be  (@-ap 5 Y4-Y5)
2. Ak orugin reotede Ahe o%jecl: of At poiud-
Adles ootadion dhe foomﬂ.muﬁe.& e (|
@-’?fﬂmse—(g 4o) sne
@{,—"lfr) Enf}eqr('i, H—,})ca&&
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ASley  dhed  dhe  cooredinales f{ifc.e »
q{.P: qg ¥ (f{_"lr}“\)f‘o& B — @’E’E-\gfﬂ ]

L{‘]": "s’% g : @_r}{;) S50 6 i’(ﬂ-—‘dg]f‘ﬁh@

Homo&tnoows Cooredinale Sysdem
b T ... S,

3. Redranglale fhe  70laled sbiect Ao Aho ,E?r-u.'r%f'nch PD.SE-J-}L‘?J.

g ?
Whﬂ de we wuse Eomc%mfﬂ"u—i mﬂf"_‘{f"_'lihi.

e an matsac muJJfF,EEctefidlg

1 We can rtg{ﬁﬁ.%fwﬂ all  lrancSoremad nvﬁﬁmn%%

<. \Wg can cc:.fi-_rre Cﬂﬂ?ﬁgséjﬁ_ 'lrcqnﬁsjﬂfma#m ii - w({ccr

3. We ocan rw_[mzyed o point ol i”?mf’}a‘ *i’ '1 ol
when we womd o rd'_[ﬂEEE-A:L" O id at ¢ ‘r"(?’

o cerlain duTection, |

- cldiplicati o

To expresR  ong 2D transfrmation a& a matst ™ F 4

¢ ':‘- '(x-,_‘.!
o TCQ_WES;EH:E‘ each ceqtlesian E‘Dgrzir‘nai-‘l‘— FD‘S»H‘*“( ED

0 Rﬂmoganﬂ.m coondincde strskm Like

G‘L‘[‘i‘) = (ﬂciﬁg:ﬁﬁgq .
LDE\Q-FLEOML tﬁ%@.@&y o l[\om.:a%nnem ?aﬁqmjm

b mon—zero Valul cuch dhat

L
fl:ﬂf‘.é- 5 }:%

Fort out conven'ceNd , we ‘%emaﬂa tako |n=1
x
() — Co 1) e (%) »:-,»( 1)
Be: (0.4 = (2.4:2) = (.11)
@;3-5:,1) e (D:, org)
Hom onesus co-ondinade uwmﬂa&idn_o:g:

1. Treancladion

I £ 0 la a
qé') =] o 1 4 y o P = T(loes 1), P
1 oo 1L {
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2 Ecq.hq% &5 '

' Sx 0 0O X ;
t' 1= 0 s o \| ¥ ot P=S(sx,5).P
1 O 2 Qs £ 1
3. Rolalion
"?'L' Cos @ —Sing o 74 :
t' | = sine  wss o y orc P=R(E).P
1 o e N

Lnvensge Trmnsfﬁ)mr‘na:‘r'fﬁﬂ.&

1. Treanelotion

| 4 O —E"{
T o= o 4 -*JEH
i S i
- Sea.ﬁrnfé
5w~

3 Rotakien

25 cosl  &indé £

K_= _sinp CosE& O

o ol N &

CDW}PE}SE le Trea :"}wac:urt mationc

= Mmoot rC et
= TL i€ & Prmclucl of ¢ndividual bransformatione
A

o mei‘n% Preeduck s of irancbamation makrices i often reeferrced
1o as concCalenadiem  art Cr::.ﬂlel::gsél-'rrm CJF matse el .

— Fort colemn mckrin  represeud adiom ot coordinale posétiong
L:‘:‘E forem Cnm?oc,i-iﬂ Licansformakiona ‘-‘Iai muJHPiaféni mafr: oy
0 owdet faom r:;}:;h.{l o Ledt,

‘limns.lil{mr“ri:.
T§ two succossive 1ranstlation veclores (tfxiiati) and (taz >
Qe Q{’TE‘J“E‘] to a coordinale Po;-‘:hr:m P, riul—fmcd {rr:qns-ﬁ-.rfmf}
Location Pl és caledaled a3
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PI: T(bx,:.,{alj.{'t‘({m,{'tdh_?} 54

= % T({;’h-’l‘i‘n.) ; 'T({-q“ . {Hu-)} ¥
where P and P! aste mrmn,w;ud ot Hbﬁ&%{?m:&%—(‘cﬂrm{iiﬁﬁdﬁ
column  vecdort

| B Loy, t
e 1= 5 [09]
=1 S (L 0O o |
3 \ 0 L, tiag
N S‘ o T 'EerlﬂLil = TC'I;*KH-L-:(Z} ka.,-'i"li'dz‘)
C 0 |

Theve fve oo can conclude koo ecaccesseve bansladions g atdlig

Relakion
Two Successive wolakions applied to point P preeduce e
trancformod  post tiam
P= R(©:).§ R(&N.P% = {R(eQ.RCsﬁ}, P=R(B116).P
So koo succossive modekions are additive

Seala Ng

Two eweccedsive scaling opera
follvsrng
Pl 8(Suasw). gg@::js&,}, PY =8 (s2a342) - S(Smi S} P
B 8(315-3’111531-531 F
Two cuceesseve  ecaling operakions are multipficative

ks do poced P preoduce he

Gpa nertad  Pivok - Yoiud Rolation

We can %mﬁa_it tolations  akouk any Eﬂu’:{*fl R vol e St

K> ) L:-E, Fqnl?mmmg the H'Lmng seguonce of opevations ,
1. Trandale dhe object o dhat dno pevol-pocut  prection

& moved lp dne cooredlinade. OTCiE ¢N)

. Relale 4ne c}lgje?c}c aboud dao  coordinade oreigin

2 Trranclade dhe object =0 dat Jue -Ix'uot poced s t?:.i?.*fr.rrn&i
b e ottginal poccdion |
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ﬁﬂﬂn??u)
\

52

Qﬁm 2 )

— rrrrr'—rl
Gmgmm'l Fosition Treanslkion of Roladion Tranecladion of
of object aund| object 8o dhad oubsud ohjeck so ugha;c oz
'y - T PIL'ULE"'I: 1 Fevot Yo ts 1
Pivok Poiud 1{:::’ a?ﬂn}té;n%"} ﬂm*‘itﬁ r:;irwunﬂt Yo Ft';f'l_’m?
(e, $r)
The { ” -
trans ferma bion , T= T(%a>%e) . R(O) T(-%r »—#)
= 1 o0 g Cos & —Sine O 1 o =%«
o 1 Y Stng coel O o 1 =%
O O j_ { ) 'S 1 (&) O 1‘

coe B e (‘1-{:.:5,9) — AnSin

Coe &  -senp Kt (1-Cosl) + Y SO
- Sn g e
0O o 1

T can ke E?LFW*E\ al R(’?ﬁma'&mgv
wheree 1 C—-‘xq r‘aﬁn) i C‘I_n; :}rc.)

Glener:a.l Fw_gf]_‘%id -Scaﬂ.‘cng
A tronsfore madion  seguance to 'Prmciw_s:r, acals g toedh mrﬁi_
Jh:) o sg[gc;],u!l {t'l{.ﬂcﬁ 'chthﬂn (rx%,&q_“) (s T &+

i, Treanslale object so dhat fined poiuk cowncides widh fas
cooredenade  orcigin

2. Crali) s ﬂ'l_rﬂ@cli ol Ttg_g‘i:,?{t ko the coordinale orugen
e Uee dhe envetse banelakion of Siepl 4o wrolyon Al
chﬂ&c’c lo the oru%&naj post tien.

Concmkna}ing e maksiccg »E'\MT. those dhroo
Ale m@%e:] scaling meebrec

1 0 %) lsxoo 1 6 - i

£ &x 0 %(1-S%)
o 4 %|.)o g0, 2 -
L o E} L JJ [3’,_.;, iﬁ] [g y ﬁg(inr%)]

R i e e R S -

OFERQJ"F ol PTKCI‘-{E?CLE
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i
o T(>4s)- S(S5)).T (%50%5) = S(%-45.50.85) 53
General ﬁfii,iﬂé: i recetiong

— Parmamekns sa and Sy scalt me'rzr:'ls- cloy dhe A aue] atcbrmi;.mi
— To scale an obect en othes divections Jinsl rolade Al
ﬂb\‘jefjc ‘o cl'll}%n the  desired s,:,mﬂ,'mg dircoclicns with dhe
ccondinale axes belerco QFFQE.;-% Aha Sm_fmé Yrandhasmatong

Wedhovd chan%&ng the orienalion of Jhe .-:%J;prEELC@ firect
pforrm o tolationy 0 that dhe directions for S, @nd s,
{'D?ﬁtfl({_@ @Hh dho Elﬂti aHeS neﬁ,ﬁc{fu@' . Then e
S ling b ; ; . : ;
- S bﬂﬂﬁﬁrﬁma,{-;ﬂrn s 4 Fﬁ.fer} follwed by an Oppes I
-~ The, cachsele madrin,  weselhng Freom Aue 'Pi'{CCtuf']' of dhose
thros Sansfesmakiams i<
ﬁ'i(g) 808,58, R(ED

5100s%0 + S25ife Ga-s)cCes@ snd @
(Gz-s)cese sin &1 56+ Sas© .c::-L
o o

Concalenalien Propercties

- I§ we ward 1o trranslale and rolale (ﬂé example of +wo
Urcenefurmodions”) we mast ke arofa) abod | Ane ordere ém
Whadn dhe CDH\_?QE;E-P?— madren €S ovaluaded .

— Fot some SFQCQGJ(YL?E& l‘ﬂcﬂi-'l‘l]?&*fﬁi"fm F:.T_l'- {T[ansufwmmﬂ{m %
makrices s commudative.

Eg; Two succesgive reededions ; Two ey Cessive translakiong |

TwO &Ue RS eVE éco_ﬁing y Reolakion and uﬂi:g::rim Emi"”g.

Keflec tion N ,i’
- Tk s a Yrcanedoemakion dhad P"cccluwi ;‘gg-‘ 'T"\l‘x
o minrws  emage of an object = —- 2%
— The m¢nror E*n-.ag}c et @ AD < / T
Tefleckion  ic %ema,l{c] weladive : \ , =
an  oxas of teeflection ":’(‘]‘-’ 2 Eﬂéﬁk&
9 r '[m
"FG’«-RA-M% dhe ﬂl-‘:jﬁ.:‘{- 12e® abodd— ’
ML ot ez,

IF -
) E‘E’@Ewchm %ll:c»f-r.:; xaxis] of
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?435 lection abowd o-aiis (¥=0) f{f’ |
— Rfleckion akowd a-anis (s mfaf:ﬂ'rcjam% B f___ﬂz
weth  drancleemabm  matst % | H-i i~
41 ©0 © e _"";1
= B e
g @ *
ac Veluwgy same but rﬁi’fi '“& values

— Thas Jc'fﬂﬁsf{\wma_ﬁcm k.@'&}j&.
of e coondinale ‘raf.-:i"Hd‘fLE.,
wf o =
't

14 &e,
— Refleckion ¢ chodn in dhe {%%;ﬂa st Pret oLy pagR

ReSloe lion aboud M -anis (x=0)

— Transforemation Medmise

-1 o ©
) L v
o o & i N
{a H‘FS.
- Thag {;Han;,ﬁ,n_mq}_-;m tm,{vs Y veclues same

valwes

v

Reflechon aboud dhe oreigeO (Iﬁiejﬁgﬂf?@&i{iiw@;*‘{‘i ?:ai_

_‘__, i 3 Plane ane I;uasf Ahrsuph e
Trancleremadion Madtst cmr:cl,cna_b!_ oraigin’) g

=4 .8 @
o -1 0
o o 1

— Tvie  brangformadion {lips both ¢ and ﬁ‘vﬂi‘ﬂ—&

f}l.',l'.:_-"?ﬁ.
[

§'= -y
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Refleckion mbatt__{'* dhe Line H:CL

. Tr:qns.ﬁrtmﬂ:l'--?am Ma tseoc

D 4 O
1 ¢© ©
o o %

Al &‘F“S{“"’?ﬂ—{“m Enhﬂc-hnngfas dhe 5% values
EU::";L
Raflechun g P Wi Hoo%

Treanslermmadion  Malksiac

~ OO0
O o
< Mg I-mns,gmma,licﬁ anl—anchqngﬁ; aund] JLps dra A Y velugg
EQ( fj{_Ia_-_ ,.}
H‘-: o 5
Refleckien of an object aloout any mlpéhaﬂ_z__ﬂma Y =ma+C

Refleckion oaloout ang Qing 4= matc

trxi f]

e Ahe "JLH- ?\ﬂ.nﬂ_ can be mccwmf-bs.Lfff FE 4) L‘(_%,r_mi-rc—)
eoeth o comls nadkion o tha %Ollwﬂl‘g; ) !
1, Trianglale the ylﬂ‘l ?m"& f,':#?@i:‘ﬂ'-)

to dhe omikin ) ;
2. Rotale (clock-woisa) dhe Emﬁ f,«ie

L so dhal ¢k coincides o

vy qﬁqﬂsmﬁm'ﬁ i

3. Refleck J4he Hmm alboud o-anusg
B, Rotake (onbi-clockwise) the ine e2fh He  sama angel

S, Relranclade dhe Gine L 4o due mu%‘;ﬁna.] Fcu]c.‘rd“q,
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4 -1 1 0© DC Here {a=o0
s o da B o L& - by = C
P
CC‘IJ i o & i 3’
] T Cps A Sing @] Clock wise
2. R{@E= —Snp Cosb 5’] I{i{cxl‘uﬁﬂ
s o 3
" _ 1 o 6
' Ref (%) o -1 o
o o 4
[Tcoce ging © Lo lock wise
Ll. E@: ' ; AniC lo
=Sine ol O ;
| 0 O 1 Rokackian
-
5 5w 1 o o
(o, ol e ©
o
.
S, 2 %
e Trtaqsfaﬁm@kmjﬁ T = T(0,6)- R(8). TRregenyN ). T (0,
4 -m? QM —2Acm
" L)
2m e 4 K = N0 =% ——
Tl Tpaxd md o
O 1 esE = __:i‘_f—ﬁ
& V4
The new Pbs&ﬂﬁm of Ppomt PCAY)
o x
§'| = T\
1 1
Shearing Treans §oremation
A krmﬁs.gortmal-mﬁ Hhad c:tf'&-'lm%& «'jl't'\ﬂ. ﬁhCLPE C'l; an ‘f‘!‘fj@ft
Suchh  dhad- dhe -Enar‘ra-fmmcl shquE G{F’Ecﬂg og if dhe
object wera Cam_Pnaucl of tnlemtnal \ayess that had been
caused Yo slide ' sverc cach othey s calld a shease
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5%
Shﬂamng a.fmg ﬂ'ati‘nﬂrJim{

@n (39
@, 0 (1,0 g

] el

I Ga| o) .
( l (shx=2]

e a—au & ée Prﬂ.“.ur:ic}

An o-direckien sheart twlalive to
oudh  dranclesmaticn mckric
1 Sha © } Sh 2 Shoaruing »gac%w ,

5 B & adeng  g-ancis
o o 14
which  dransfoems coerdinate ?0‘5””“5‘ el
o= e shel , Yo
Shearcing along 4 -diroclions

(0,0 Q.0 @

(ﬁ; ﬁ"}\ (1,0) (6.0

An }J;-Ajmd-ibﬂ sheast reladive do dhe Y-avas s Prmctuc,ufj
b dvansforemadion  madeioc

h‘-—a"}u .

1 §)] O
SHH 1 o
& g &

whach i-ra.ns?u-umt. cootedi nade —Fc,s,c‘é-‘rm as

| |
x = 0 = Y4 Ch, . % verdicell
2 &= tTEN &
h_J':_}.T_E: l)-ﬁr coondinale.  postlion ) &= shidied hmmﬂnhﬂa"’[ﬂéﬁ “
- amount  propostional do wds declance rom dhe ’X—G-T‘L‘fi/‘g—axf,g
ending oy ﬂhx/é_?.h;,
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E) NE&MNE valuls -Slm Eh'x/ShH shadl  pooredingle 'Pasr.,f—;c_r,ﬂ__g_Eﬁ

{0 dhe ﬂ_&,{—]:/dch'}ﬁ of b&-mm:/rzﬁa'm'z.

Shearting odomp  a-dlirecckent  teelad ive by obiere welsvona tinta
,__—-—'_-_-_-_-_._.“_'_-_._._ ._ S - —— e
An  at-circecten shearc  meelodive to dhe fine Y =g ts Fr«'m]uar]

wih  welerenc matsi
g Sha - Sha - frref

0 . o
1

O o
ek coordirale ]x;s,-‘:»{v’mi f’mﬁﬁ.rrﬁma]arg
= At Sha(Y-Yoes) - T8

Example
[c:af)\ (10 G @, Sha="T2
(6,9 (9 (ko) Gk

\ ‘&"d’d%:"t
(5nos
£NCe
Shaning almg y-dnacms_raahe_o RIS
An H——A1mzc3r'rtm shearc rLﬂ..chLcuE lo Ahe Line q{:q'r‘rcﬁ,;.
priodieced  mefevence madet 2

{ o ©
shy 1 —~Shy - M

LS

o © 1
widh  coordinate  psitions drancforemed as
=% Iallr: Sh?(l-(lmﬂ'\)&-? ' () S}Tr_ Yz
Eatample - \ (039?173 e
(050 (.0 (150
[0, ')
e 0,0 = Ji
Q{“E:E:_! (n9 eof™ \
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0 L 0 ot B P ]
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Problems on 2D Treansoremations =
s PEE{D!‘IM (2 }_".Sﬂ nﬂ{.ﬂll‘ﬂr}‘l ojf -[rr;'—aqbgfj_ ,1(0}@}, E‘*(h‘jj C‘CEJ;}‘)
o) obowet Ahoe ortipen
b) about P(-1,-1)
'.Sbjur} | Cas Q_gﬁ _-an Qgﬂ A o l j
: os [x : -~ 2 £ = o |
fl) {HF E,)Il C‘F]: E(QS )[A BG—]: {Qtr{‘; e C EDLFQ : | ! 1
e Vg o[ e 15 o 0 3l
Ve Ys ollo 1 2|= |0 3z =
o o ! 1 ! | j_ 1 j_-_
E) .I:'I ,. & |
&’xalc]: Q(ﬂfj-l_,f-;f:'),[ABC] o
= StnD ye® CDSD'-{L-"f -}(:1.-&54?#(——!) Sin 1 .
— o 5
Vi -V .
= |/-r1. \/’:I—i.* ﬁ—-] O | o
1. A
0 O b
v
- 1 9/_&—1
1
2, Magnify dhe triangle @ith verchices  4(0,0) , B(H1),C(5,2)
to hoicn tde stER Df'uu kﬂ!ﬁbiﬂg C‘CE;Z) »J(‘:’xeql .
M,;%n,;c{-(dxng dhe L ABRC ing C firced is sam0 @t maghays
wod e Aexad point € N
| S5¢ O m_}(‘“‘g’;—) F 5 2(:1___2)
A ecl=)o & s (-5 | = i K
o © 1 ‘ . § 8
| I 1
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e B SN[ & V% -5 -3 &
= lr} 2 "Zil [ o N B ] = -2 O o
O O | 1 [ | [ )
3. Refleck dhe diamond-shaf ;:-t} Fa%(gm'} hose vertlies asc
A(-1,0) , 8(0,-2), c(1,0) Mci DL0,2) obout
0) dhe hovizenlad ling Y=2
by the werdice] Lline x=2
) the Mline Y ==%t2
Solu”
) The equalien 5] Aho Gime ¢S }:z
Heme m=0 & ¢=2

!:9 The wverkeald Line gq=23 has no ¢ anievap’c a.m]l
an M'rLr’u-k EEFI}’F S0 we tanclede fho Linoe oc=2

il o L

-3 -4 -5 -4
]:0—1101
I R
k |

i 4-m>  2M —TRE0, |
[r&u e [ﬂ = | 531 ma+ L meyd [A o e Bj
2m mr-4 RC
m=tLd T4 m*t 1
o o £
1 o 0O | 0 ¥ Ao #5 O
= o 4 Y o =2 2=y & 4 =
») 0 I i 1 1 1 1 1 1 j..

koo wnils oves 4o dhe Y-anil dhen aeflect abad
é!,mus ond anmJlgb -T.Q}MHSQQJC back two tenidce

| -l
E&I B ¢ D|= T(2:9. Tregep)’ T(z0).[A B ¢ 3]
1 0 -2 —f D 0 £ B2 -1 0o \ o
= lg 4 O o 41 © &6 410 &, L= oo R
o o 1| | o 1 o o 1 § B
— =l @ =4 =1 81 » -4 -4 =j-y -y
6 1 0 0 2 & m |lz=lo =2 o R
c 0O | i
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C‘-) The [ling Y= X+ Aas sfc}lpu? m=1 and al -fninﬁa,l‘-?:c:&

L

: £ L_in KM _Qcm
[Ar’ B¢ d|= | ogr ML ] .
am ot g | LA®CT]
mPrd TErd et

o) o : =
[0 4 3 -4 0o 1 o© =2 = =2 D
= 1 O 2 6 2.0 ZF |=| I & B 2
S 1 L 1 4 1 1 1 1 1

e

b, The madrux [i i} defines o transdoremadion callq o

Simullanpsu s shearung ort shgmng fore shewl.

The ecial casc ¢dphen b=0 ¢s fczjtecf 5Martin£ én The
. J—t'f?-ﬂfhj;, When a=o0, e have \g,fwm-r-r‘ng en dhe afx‘rm“-f{r'mg
Tlluskale Jhe effect of dJhese choarcing drancdammations Fﬂr} Ze;:q__
cquasie  A(0,0) , BC1,0) (b)) an D(0s1) tdhen a=2X &=3

Ag ¢ p] = SH(sha,shy).[# B € 2]

i%ﬂ i P Did_ﬁ
“|ehy 4 o|[ABCD]=]3 ia][oﬂii
jai 6 o 4 1 41 1
& A B =2
= a 3 4§ 1
. 4 2 4

5 Fend 4dhe englance treansfrmadion which placs @ half-size
| m#ﬂt of fho suare  A(0:0) 2(1,6) , (1,0, D(0,1) énto a
maslcre )J::EEME, coordinate 5U&I€N1 eo thad 4he centos &f
dhe squane is  at (-1,-D.
The centre of tho sguaste  ABCD ¢s at P(4,1) Weshal)
firsl “—’H’ﬂﬂ‘ o Sraiing ?ﬂ"ﬂ?jrrgma;ﬂ%dr} cohi lo kﬂ_ﬁ#.ng Pﬁ*xn}

Then we ghel) a.fpﬂadv o dvancladion Jhad moves PC,‘&J!J:)
to ?'C—IJ—F)
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(A, B,0,D ] = T(-%7k). 5(k Vo)) [A BC D] g2

| ! T 10 =% Va0 30-5)
[+ e D’J:[o , hﬂ i oo LA 2 e 7]
o ©
gy ~3M By ~Sly

Jo © =Sy ot 1 0
= o Va _Qf\_j a0 1 ) —~S|y ~Sly -2/ ”?’fuf
o O | I | ' i ]

6. Prove dhat o shear Ltransfonmation can be ezfm&ﬁrsﬂj én
Lenms of rolatien and &caﬂﬂg opertations.

Solu” e gﬁnwmf ehoart matriat for A and & mmpcnemfi

i g,awrzﬂ ol

Ta=| g O O] whene shoand shy ane
j 5 1 diu-&rung ,fca:daﬂ FTE%F?E?%'

The scalind a.r:-c] aoladion maties are Eéven as
S & 0 cose  -Sing O
Ts = ) SH 0 } 0—""“3] TR =1 &np Cosa O
o o 1 ‘ v &

The combined trangfemadion o Sequence €< eguivaleunt
o paoduct d scaling R avtadiom

S losp -~ —Sx&nd - © —"
-T s Té. TE. = *‘;hl'giﬂg 53{'05.5 o
O O 1
Compareny (1) & (@) we howe.
Sr]_ (o & = : 8 “
S*a: csse =4 e i
&!7'1 = =S £énb
&L,a - GH giﬂg
=, | — 17
ore S = l/[‘ﬁger 3 Q? /[“ﬁEE} ( /)

Suésjrth}mg Sx 8 & ¢n Gin)

Shy = =S&x&ink = -—-{j:d—ge-g”?@ =—tanp Y
L = —!—— < =
x.“at-:. fggqeﬂfﬂe.gné tan & f‘
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FL e W C4 fAE £ % L It 1T e § g
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.lll 14 I){ il = £ A o4 X o cl * C { i L] 'I' ]
5
i/
A r -.‘!'
_ Pl
| 1
| ". _{_':r a
-
|I | | I - = I 34 [
L t Lol
| { |
R 4
L {
] e & M 5 ’ W *
PR F = S el ~ - - 1 v \ y
r . [ | | I B | i
:-. .j‘ll.f'r | 4 ¥ ‘;r-. i 1~ g ~ 4 % q . ..'I'
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f@coéng 66
Tﬁ.ﬁﬂ — TN mEn s i}ﬁ'l.-ill Wigeo . r}g

'l i - t
_ A praphics package alipws o utere Ao specify wlh ch parc of

a QLQ»E.;nﬂri th’I.L!‘IE 'lED bhe c{f;{\[fjm—, ﬁﬂ(f ::djl[:‘r[(]_ ,_!.-;:}{_L_P F_{_U{{_ ie
to be Plr:u::zc| on dhe ot-fﬂf‘fﬂ‘dp

Cvice wsing a preocedire knovinas (-l;ﬁa:.-%
3 ; [z = E.—J]{'.rr] e {-_{’.P'C.F'E.f:’! 'E-g g
— Aﬂ(\f convenéent carlesian coored.inad€ Y :

he r:o::rtfd —Cmrzcﬁénaic. ."B'E,!}snmcu rﬁmm@ can be wsed o ::irz,[m.z
Ashe Pic‘-lm-e,

— forr o -wo-

dl-*"ml?ﬁg:';sa‘]a.! f:crhrn{fj a vifw 8 Sé’z{t?ﬂ'xlf‘({ ’rc‘&""
&Fpur[‘rn% a Subarc o Ahe lota] PEH&{*TE’ Q{trz,
— The pe cluve Ffbﬁ:«ﬂs within  Ahe EQ-[FF‘{'CJ aroar arc 4 ::\ »
Ma,!:“:ef\ onlo ¢ :c:‘,f}erl orcta s fo'riﬁaﬂ. deviw coordenates,
— Treansforemadions freom woeld 1o devew ceooredenales énvelve
{rancladion | rotation and scaling ﬂf(’ﬁq,{?‘m , ag mjiﬁ .
?ncmdum .:fc.rt C{n_p,j_g};r'lg Fose FQE{{ ar Abg Pc‘-!u:’&
oudeede e Limids o a celocked 5{13(359-5;‘ e
Viewing Pepelene

veewpor
Vol o
!
YTI"M“J‘ . .,_Cﬁ
*Vmin KV mente
i |
i tovice coordénales

World cooredinales

- A u:-nrﬂc'l-ceﬂﬁcil’f‘lflk au o Stal.ﬂcl-cc\ gﬂnt c{:‘.é';.li’ﬁin 1S rrl.flﬁ.cl Q.
winded . The okjecks aidhin dha wndod are dicplayed oully

— An ouuwa on a&igrlaat device 4o which o windnd is -‘nn#ecf
¢S cmluc[ a ukemﬁzb

Tho windno defines whad i o ke viewed 5 dhe u:’ﬂmf;u?f
defings whore it ¢s 4o ke J’-ESﬂa&z{. Both ane reckandurs Fﬁm!{[:’
—  Magpping ol o !‘;:cmjc of a world—coondinak scene o dovece

cooredinales ée welenred 1o a9 a viewing trans pocladion,

-_
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— The g clemensi nal View e (18 !Lff'-:-"'f- .J-C.'i.x".lk'["rr; c
- & "
neferced £ o he windsw-lo- vicokd ranelorn
: | r ; '
Ot 'H'.l. ’.r_r-'“--.i-f:: C Iy fTEANSACE M frem
= d i
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e \ | Map Vigwint ‘
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~ (reng L np = ie =n NOremak 2 |
- . L = vE § i - " ( e Ceed 'il l

\ | 15 I gL g VIR || Voo e WO iy

Mactl inp - Crcriinale o My ] GG \

Arcane] Loortese Nalcs | S5 Wind -

[ Il.r..-.ﬁr'fl'rﬂl'.-! 'I‘ll'-fli a l "\-\_.'.||,I|.- r
—_ | :
| = "L | A *I- 11 Il

\ 2D Villdend | .rH vidien o Leng [l

'ERE :Illr
g
LetTrcr)

’ 0 i e s ‘m r b J - [ F o [ R T
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e8
Véemtng Cumrc{inala Qe%crcﬁnm Fl'ﬂlﬂ‘[ﬁ_

_ ftes coordinale 5a~34cm priovidt® dhe  efercence frame fore
Specidycay dho cwercdd coeredinale coindmd
We eel wp e Viewoeng coored.inale &Haétm uséng g
lrvanedosmadions  betwean cocrdinale  &y<leme
Firnsl @ VKIELJEF?%"C{!DF(:“(TQI{ OILEIN ég selecled at soma
wmﬂc\ post hen @ Po= (@)
= To oblain dhe mafrine Jorc emﬂ?rr:'!tr‘rg coara'lc{,_ coordenalte
postiias do viewind coordinales” we o dhe follawing ;
L) Tvanglalc Hia Vitwing  orisin to dle mcﬂﬁld OTipen
’m) Rotele 4o &iu%ﬁ due two  coovdinale sefasena_
framas,

MWQ%(LIL& Mueve = R-T

N s
e Haoo\d | Yyiow
o y
r% ;{J
- A F

o Avipwd
Xuoild

?{Lcam'lcﬁ

¥
N
Fy
>
0

K,

Wendow = 4o - Uagmpam{ Coorrelinale Treangforemadiy

|

Considex a !Jm*d' Exwpgca) incide Jhe CR{FFEHE Wendnd

Let Buc boied hasy 4 a becok Sergs
dhe m@ml:ii::i, = ma,,l: fo JPD oy (1v > Yv) énsicle
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To manlain the came reeledive placemend tn the wewfw%

AL o0 dhe  windad | we fmm{

KNV - KV pien HLD — KOy .n
.
e (O =
RN oy~ AV man NPy ™ XHoMin
Yv— PVmn GO TPmin
$Vimay— FVmen romay ™ O
LRt ¢ ndow : tloremalized Vi ftc}]wak
| ng o
clgreng B ook
= |
© : B .- (S AR |
i "
\ ° ! : (v s4Y) ,
1(?{-"&;\&“:'}-; 1 R
T i -
4 Cmin : Emen __:g~~——'——_ _ —
= |!|| == = | f'}{.'ul'rnun WYt
T
Solving forc @Lh\&v'} e howe ;
v = Sa i + ka
dv= 3&1 o T Jc&f Whomo
Seakicp  Jackers
& 5 YN ey — NV R BN &fmﬂm o \a,vmﬁ
g - S
Wdmor M2 nin H’mmmt" lj“ujn.{.q
Translation factert:
by = HDemgry Vi — KD i "V mar FmandVinin ™ (Woviy fVimar

Wiy = MO { Crmane ™ iy
Trag can alss ke oblained by composens drancfoima biong:

M mm&mﬂj hDrtm_\;iWur:‘c

i (‘]{_"H"m-m ,’K‘d’\n’mﬂ‘j -.S(Q'x; ,gf&«) 3 T(' w-l“:}m,;n 3 _H’!&:‘Wr\>

|

_ S 0 L
= 0 Qa/ E}
O o 1
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COMPUTER ANIMATION

1. Introduction

e Computer animation is defined as a technique in which the illusion of movement is
created by displaying on a screen or recording on a device, individual states of a
dynamic scene.

e The basic idea behind animation is to play back the recorded images at the rates fast
enough to fool the human eye into interpreting them as continuous motion. A nimation
can make a series of dead images come alive. Animation can be used in many areas
like entertainment, computer aided-design, scientific visualization, training, education,
e-commerce, and computer art.

o [tis the time sequence of visual changes in a scene.

o Goal: Synthesize the desired motion effect that involves mixing of natural phenomena,
perception and imagination.

o [n addition to changing an object position with translations or rotations, an animation
can display time variations in an object size, a color, a texture etc.

e Animations can also be generated by changing camera parameters such as position,
orientation and focal length.

¢ Functions:

v" Storing and managing database

v" Manipulation and rendering

v Camera motion

v" Generation of intermediate frames

2. Key-frame animation

o A key frame animation consists of an automatic generation of the intermediate frames
based on a set of key frames supplied by the animator.
¢ There are two fundamental approaches to a key frame:
v Shape interpolation:
O In-betweens (intermediate frames) are obtained by shape interpolation.
O Mainly used in film production.
O This method transforms one geometrical form into another during an
animation.
v Parameter interpolation:
O Interpolate parameters of the model instead of the object itself.
O It produces better image than the first approach.
O The parameters are normally spatial parameters, physical parameters,
and visualization parameters that decide the model's behavior.

3. Construction of an animation sequence

¢ A typical animation sequence is obtained using:

v" Storyline: It is a sketch out of the action which defines the motion progression
as a set of basic events that must take place. It consists a set of rough sketches,
or it could be a list of the basic ideas for the motion.

v" Object definition: An object is a participant in an action that can have some
properties and bear relations to other object. An object definition is given to
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each participant in the action defined in terms of basic shapes (like circles,
polygons etc.)

v" Key frame specification: A key frame in an animation is a drawing that defines
the starting and ending points of smooth transition. A sequence of key frames
defines which movement will be seen, whereas the position of the frames in the
animation defines the timing of the movement.

v" Twining (short form for in-betweening): It is a process of generating
intermediate frames between two images to give an appearance that the first
image evolves smoothly into the second image. The "in-betweens" are the
drawing hetween the key frames that help create the illusion of motion. The
number of in-between frames needed is determined by the media to be used to
display the animation. A film requires 24 frames per second. The time interval
for the motion are set up so that there are three to five in-between frames for
each pair of key frames.

4. Motion Control Methods

¢ Itis akey issue of computer animation which specifies how an object or an articulated
body is animated and may be characterized, according to the type of information to
which it is privileged in animating the object or character.
e« MCMs may be classified according to the nature of information that is directly
manipulated:
v Geometric
v" Physical
v" Behavioral
4.1 Methods based on geometric and kinematic information:

v These methods are heavily reliant upon an animator.

v" A motion is locally controlled and defined in terms or coordinates, angles,
velocities or accelerations.

v" Different approaches include:

o Performance animation: It consists of a magnetic or an optical
measurement and recording of direct actions of a real person for an
immediate or a delayed playback. This technique is used especially in
production environments fora 3D character animation.

o Key frame animation: It is another popular technique in which the
animator explicitly specifies the kinematics by supplying the key frame
values whose in-between frames are interpolated by the computer.

o Image morphing techniques: It is a warping-based technique that
interpolated the features between two images to obtain a natural in-
between image

4.2 Methods based on physical information:

v In this methods, an animator provides physical data, and the motion is
obtained by solving the dynamics equation.
v Motion is globally controlled.
v" Different methods include:
o Parameter adjustment method
o Constraint-based method
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4.2 Methods based on behavioral information:

v" A behavioral motion control methods drive the behavior of autonomous
creatures by providing high-level directives that indicate a specific behavior
without any other stimulus.

v" A behavior animation takes into account the relationship among different
objects.

v" The control of an animation may be performed at a task level.

5. Procedural animation

¢ A procedural animation is a type of computer animation, used to automatically generate
animation in real time to allow for a more diverse series of actions.

» Procedural animation is used to simulate particle systems (smoke, fire, water etc.), cloth
and clothing, rigid-body dynamics, hair and fur dynamics and character animation.

e Incomputer and video games, it is often used for simple things like turning a character’s
head when a player looks around.

» Procedural animation corresponds to the creation of a motion by a procedure describing
the motion.

e Rules are established for a system, and an initial state is defined for objects in the
system. Object locations or parameters for subsequent frames are computed by applying
the forces or behaviors defined for the system.

e This type for animation is very useful for generating much life-like motion from
relatively little input.

o Here the motion is described by the algorithm or a formula.

6. Key frame vs. Procedural animation

¢ To produce a key frame animation:

v" The animator creates the behavior of a model manually by using an intuitive
the “put that there” methodology.

v" The animator has full and direct control over the positions, shapes and motions
of models during the animation.

¢ To produce a procedural animation:

v" The animator provides initial conditions and adjusts rather abstract physical
parameters such as forces and torques, in order to control positions, shapes and
motions of models.

v" The outcome of varying parameter values is often unpredictable. The animator
has to run a simulation to see the result.

7. Introduction to morphing
e Morphing is a phenomenon by which a picture smoothly transmutes into another
picture.
e Intermediate image, that bridge the transition are calculated from the source and
destination image using a mathematical formula.
e The techniques for calculating intermediate images:
v" Mesh morphing
v" Field morphing
¢ Morphing is a combination of two processes:
v" Cross-dissolving:
O Changes the image’s colors pixel by pixel.
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O Produces the bridging images by averaging the pixel colors row-by-row
and column-by-column. That is the pixel at row x and column y is the
average of the pixel color at (x, y) in the source and the pixel color at (x,
y) in the destination image.

v' Warping

O Changes the shape of features in an image by shifting its pixel around.

O It uses one of the many algorithms to change the row and column values
of an image’s pixels, thus changing the actual shape of features in an
image.

¢ Intermediate images

v To make a transition smooth, each intermediate frame is seen as a combination
of beginning and ending pictures.

v" The early images in a sequence are much like the first source image. The middle
image of the sequence is the average of the first source image distorted halfway
toward the second one and the second source image distorted halfway back
toward the first one. The last image in the sequence is similar to the second
source image (the destination image).

v The i frame in the sequence is given by

(Frame),

__( i )%S PRI (Numberaf Frames — i
~ \Number of Frames ource brended we Number of Frames

v" This blending of source and destination images produces the much desired
gradual smooth transition from source to destination image.
¢ Mapping orders
v" Image data structures allow storage and access of image in a matrix form either
in row major order or in column major order.
v" A morphing algorithm traverses an image row-by-row, column-by-column or
vice versa using a formula to calculate the pixels for a new image.

) % Destination
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v" The program can traverse either the source image (forward mapping) or the new
image (inverse mapping).

v* Forward mapping iterates over a source image whose pixels already have color
values. Any new image starts out blank, with all of its pixels colored white. It
visits each pixel in the source image and uses morphing formula to calculate
new coordinates for the pixel. Then it paints the source pixel’s color in the new
image at the calculated set of pixel coordinates.

v" Inverse mapping iterates over the new image. It visits each blank (white) pixel
and uses the formula to calculate the coordinates of the pixel in the source image
whose color it should copy.
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VIRTUAL REALITY SYSTEMS

1. Introduction

o Virtual reality (VR) us a technology that allows a user to interact with a computer-
simulated environment, be it a real or imaginary one.

e Most current VR environments are primarily visual experiences, displayed either on a
computer screen or through special stereoscopic displays.

o Users can interact with a virtual environment or a virtual artifact either through the use
of standard input devices or through multimodal devices such as wired glove, boom
arm, omni-directional treadmill etc.

¢ Simulated environment can be similar to the real world (example: simulation for pilot
or combat training) or it can differ significantly from reality (example VR games).

* VR is often used to describe a wide variety of applications, commonly associated with
its immersive, high visual, 3D environments

2. Design of a VR system

e There is always a trade-off between realism and interactivity.

+ The more realistic a scene must appear, the longer it takes to render and the slower the
virtual environment will update.

e Detailed images make a virtual environment appear more realistic, but movement
through the environment is slow and cumbersome.

o Lesser-detailed scenes will appear false and artificial, but movement through the
environment is smooth and faster.

e A VR system consists of six main components: the virtual world, graphics engine,
simulation engine, user interface, user inputs, and user outputs.

e A virtual world is a scene database that contains geometric representation and attributes
for all objects within the environment.

e The graphics engine is responsible for generating the image that a viewer sees.

e The simulation engine does most of the work required to maintain a virtual
environment.

e The user interface controls how the user navigates and interacts with this virtual
environment.

3. Important factorsin a VR system

a) Visual realism: The level of realism in a scene aids considerably in making a believable
environment. Ray tracer and professional animation systems produce realistic images
used in special effects for movie production.

b) Image resolution: Image resolution is another factor that is closely linked with visual
realism. Computer-generated images consist of discrete picture elements of pixels, the
size and number of these being dependent on the display size and resolution.

c) Frame rate: To give the impression of a dynamic picture, the system updates the
display very frequently with a new image. In order for a virtual environment to appear
flicker free, the system must update the image greater than 20 times each second.

d) Latency: It is the most important aspects pf a VR system that must be addressed to
make the environment not only more realistic but also tolerable. It is the delay induced
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by various components of a VR system between a user’s input and the corresponding
response from the system in the form of a change in the display.
4. Types of VR system
1. Window-on-world (or desktop) VR:

o [tis the most common and accessible form of VR system.

« [tinvolves displaying a 3D virtual world on a regular desktop display without using
a specialized movement-tracking equipment.

e The system do not rely on any specialized input or output devices in order to use
them.

e A user can interact with that environment, but is not immersed in it.

2. Video mapping VR:

* A video mapping VR uses cameras to project an image of a user into a computer
program.

o Monitoring the user with a video camera provides another form of interactive
environment. The computer identifies the user’s body and overlays it upon a
computer generated scene.

e By gesturing and moving around in front of the camera, the user can interact with
the virtual environment.

3. Immersive VR:

¢ Animmersive VR uses an head mounted display (HMD) to project a video directly
in front of the user’s eye, plays audio directly into the user’s ear, and tracks
whereabouts the user’s head.

e A data glove (or data suit) is used to track movement of the user’s body and then
duplicates them on the virtual environment.

4, Telepresence:
o [tis a technology that links remote sensors in the real world with the senses of
a human operator.
e It links remote sensors and cameras in the real world with an interface to a
human operator.
e The operator can see the environment that the robot is in and can control its
position and actions from a safe distance.
e Example: use of remote robots in bomb disposal, use of remotely-operated
vehicles by fire fighters, use of small instruments on cables by the surgeons etc.
5. Augmented reality:
e An augmented (or mixed) reality provides a half way point between a non-
immersive and fully immersive VR system.
e Here the computer-generated inputs are merged with the telepresence inputs and
the users view of the real world.
o FExample: Head-up displays (HUD) used in modern military aircraft.
6. Fish tank VR:
e [tisused to describe a hybrid system that incorporates a standard desktop VR
system with a stereoscopic viewing and head-tracking mechanism.
e The system uses LCD shutter glasses to provide the stereoscopic images and a
head-tracker that monitors the user’s point view on the screen.
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5. Advantages of Virtual reality

e It gives disabled people the opportunity to join the activities not usually available to
them.

¢ VR has very important uses in all types of architecture and industrial design.

¢ Computer-aided design (CAD) has been an important design tool because it allows the
user to draw 3D images on a computer screen.

6. Input and output devices for Virtual reality

a) Three-dimensional position trackers: Tracking devices allow a VR system to monitor
the position and orientation of selected body parts of a user. In tracking devices, such
as HMDs, the position and orientation of the head is measured. A tracking device
attached to a glove measures the position and orientation of a hand. Tracking devices,
also called 6-degree-of-freedom (6DOF) devices, work by measuring the position (x, y,
and z coordinates) and the orientation (yaw, pitch and roll) with respect to a reference
point or state. In terms of hardware, three components are in general required: a source
that generates a signal, a sensor that receives the signal, and a control box that processes
the signal and communicates with the computer. The special purpose hardware used in
virtual reality to measure the real-time change in a 3D object position and orientation is
called a tracker.

i) Mechanical trackers: It is similar to a robot arm and consists of a jointed
structure with rigid links, a supporting base, and an “active end” that is attached
to the body part being tracked. These trackers are fast, accurate and not
susceptible to jitter. It has a restricted area of operation so tracking of two body
parts at the same time is difficult.

ii) Electromagnetic trackers: Electromagnetic tracker or magnetic tracker allows
several body parts to be tracked simultaneously and functions correctly if
objects come between the source and detector. In this type of tracker the source
produces three electromagnetic fields each of which is perpendicular to the
other. The detector on the user’s body measures field attenuation (strength and
direction of the electromagnetic field) and sends this information back to a
computer. These trackers are popular but they are inaccurate. They suffer from
latency problems, distortion of data and by lange amount of metals. The detector
must be within a restricted range from the source, so the user has a limited
working volume.
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iii) Ultrasonic trackers: An ultrasonic tracker is a noncontact position
measurement device that uses an ultrasonic signal produced by a stationary
transmitter to determine the real-time position of a moving receiver element.
There are two ways to calculate position and orientation: phase coherence and
time-of-flight. Unlike electromagnetic trackers that are affected by large
amounts of metal, ultrasonic trackers do not suffer from this problem.
Ultrasonic trackers must have a direct line-of-sight from the emitter to the
detector. These trackers are affected by temperature and pressure changes and
the humidity level of the work environment.

iv) Infrared trackers: IR (optical) trackers are a class of optical tracker, which is
a noncontact measurement device that used optical sensing to determine the
real-time position or orientation of the object. This type of trackeris not affected
by large amount of metal, has a high update rate and low latency. The emitters
used here must be directly in the line-of-sight of the camera. A ny other sources
of IR light, high-intensity light, or other glare affect the correctness of the
measurement.

v) Inertial trackers: Inertial tracking devices allow the user to move about in a
comparatively large working volume as there is no cabling between a computer
and a tracker. Inertial trackers are self-contained sensors that measure the rate
of change in an object orientation and object translation velocity.

b) Navigation and manipulation interfaces: Manipulation tasks invelve selecting and
moving an object. Users need to be able to manipulate virtual objects which includes
rotation also. Navigation tasks has two components. Travel involves moving from the
current location to the desired point. Wayfinding refers to finding and setting routes to
get to a travel goal within the virtual environment. There are three types if travel tasks:
exploration, search and maneuvering. Travel techniques can be classified into the
following five categories:

v" Physical movement: user moves through the virtual world

v" Manual viewpoint manipulation: use hand motions to achieve
movement

v" Steering: direction specification

v" Target-based travel: destination specification

v" Route planning: path specification

c) Gesture interfaces: Navigation and manipulation interfaces limit the freedom of the
motion of users to small area or desktop leading to sacrificed and less intuitive virtual
world. The solution to this problem is the gesture interfaces. These devices measure the
real-time position of the user’s fingers or wrist in order to allow natural gesture based
interaction with the environment. Gesture recognition is useful for processing
information from humans, which is not conveyed through speech. Some of the available
gesture device include Fakespace PINCH™ Gloves, 5DT Data Glove and Immersion
CyberGlove etc.

d) Graphics interfaces: Graphic displays, displays with tracked stereo glasses, glassless
displays, multi-projector screen systems and sound display systems are important class
of output devices in a virtual environment.

1) HMD: Itis a computer display we wear on our head. Engineers design HMDs
to ensure that no matter in what direction a user might look, the monitor
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should stay in front of his eyes. The monitors in an HMD are most often LCD.
Any HMDs include speakers or headphones so that it can provide both video
and audio output. HMDs almost always include a tracking device so that the
point of view displayed in the monitor changes as the user changes his head.
ii) Cave-automatic virtual environment (CAVE): It is a display that uses
tracked stereo glasses to feel the environment. It is a small room or cubicle,
where at least three walls (and sometime the floor and ceiling) act as giant
monitors. The display gives the user a very wide field of view. The user can
also move around in a CAVE system without being tethered to a computer.
Tracking devices attached to the glasses tell the computer how to adjust the
projected images as we walk around the environment.

e) Sound interface: Sound effects are often used to communicate important information
in video games. This may produce mono, stereo, or 3D audio. Mono sends one signal
to every speaker. A stereophonic sound allows for the sounds to seem as if they are
coming from anywhere between two speakers. Research into a 3D audio has shown that
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there are many aspects of our head and ear shape affecting the recognition of 3D sounds.
It is possible to apply a rather complex mathematical function called head-related
transfer function (HRTF) to a sound to produce this effect.

f) Examples of input devices: VR requires a different set of user input tools than
traditional computers. There are examples of input devices that have been developed
for use with virtual reality.

i) Glove, DataGlove ad PowerGlove: A glove device is designed specifically for
capturing the movement and location of the hand. When we move our hand, the
glove picks up the movement and sends an electrical signal to the computer that
translates the movement from the real space into the virtual space.

A DtaGlove is made of lightweight lycra that consists of two
measurement tools. The first tool measures the fled and extension of every
finger. The second tool measures the absolute position (x, y, and z axes) and
orientation (roll, pitch, and yaw) of the hand. This tool has two parts: a
stationary transmitter and a receiver, which are placed on the glove. A

PowerGlove is a low-cost version of DataGlove that performs the same
function using completely different methods. For flex-measuring, the
PowerGlove has a strip of mylar plastic coated with electrically conductive link.

Like DataGlove, the PowerGlove needs calibration for different users. It
is less accurate than DataGlove. However, then PowerGlove is more rugged
and easier to use than the DataGlove.

ii) Dexterous hand master: A dexterous hand master (DHM) is an exoskeleton
that is attached to the fingers using Velcro straps, and attached to each finger
joint is a device called a half effect sensor, whose purpose is to measure the
finger-join angle. DHM uses mechanical linkages to track the movement of the
hand. DHM is more accurate than a PowerGlove or a DataGlove. It is also able
to measure the side-to-side motion of each finger. Because of its precision it is
extremely useful for any application that requires a high level of control such
as controlling dexterous robotic hands. DHMs are less sensitive than either
DataGlove or a PowerGlove. However, a DHM is rather clunky to work with.
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iii) Mouse and joysticks: These are sufficient for navigating around a simple
virtual world in two dimensions and for performing simple tasks by using the
buttons on the devices. Mouse and joysticks usually have two degrees of
freedom, although there are mouse designed with six degrees of freedom.

iv) Wands: A wand is like a joystick with an unrestrictive base that has 6DOF.
There are buttons on a wand and a thumbwheel that allows scalable values to
be entered. It can be represented as a drill, paint-brush, spray gun or even an
ice-cream cone. A wand is very easy and intuitive to use.

v) Force (space) balls: A force ball has a ball on which force is applied. The force
we apply is picked up by sensors in the center of the ball from where the
information is then relayed to the computer. A force ball has 6DOF. It is easy
and intuitive to use. A force ball requires very little space as there is no
movement. Most force balls have programmable buttons for a developer to
configure to suit the needs of the application. Uses of a force ball are limited to
navigation and selection or issuing commands.

vi) Biological input sensors: Biosensors are a neural interface technology that
detect nerve and muscle activity. Currently, biosensors are used in measuring
muscle electrical activity, brain electrical activity, and eye movement. Just as
the brain uses the signals to control functions of a human body, these signals
can be detected by biosensors and then interpreted by software to control
electronics devices, external to the human body.
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g) Haptic feedback: Haptic technology or haptics is a tactile feedback technology. It
makes vibrations and movements which can make people think that there is a real ohject
when there is not. They are used to look into the sense of touch. Some video games use
this to make it seem more real. Haptic recreates the sense of touch by applying forces,
vibrations, or motions to the user. This mechanical stimulation can be used to assist in
the creation of virtual ohjects in a computer simulation, to control such virtual objects,
and to enhance the remote control of machines and devices (tele robotics). Haptic
devices may incorporate tactile sensors that measure forces exerted by the user on the
interface.
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