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1-Introduction to Computer Graphics VU

LectureNo.1 Introduction to Computer Graphics
1.1 Definition
Computers accept process, transform and present information.

Computer Graphics involves technology to accept, process, transform and present
information in a visual form that also concerns with producing images (or animations)
using a computer.

1.2 Why Study Computer Graphics?

There are certain important reasons to study computer graphics. We will discuss them
under certain heads:

Visualization

I like to see what I am doing. Many a times it happens that you perform certain tasks
which you cannot visualize; for example as a student of data structures, you implement
trees, graphs and other Abstract Data Types (ADTs) but you cannot visualize them
whereas you must be having an inner quest to see what these actually look like.

I like to show people what I am doing. Similarly at certain times you would be
performing certain tasks which you know but it would be difficult for others to
understand them so there is very important requirement of showing the things in order to
make them understandable.

Graphicsisinteresting

We are visual creatures and for us a picture is worth a thousand words. If we can get rid
of text based static screen and get some graphics; it’s always interesting to see things in
colours and motion on the screen. Therefore graphics is interesting because it involves
simulation, algorithm, and architecture.

Requirement

Well there are certain areas which require use of computer graphics heavily. One
example is drawing of machines. It is required to prepare drawing of a machine before the
actual production. The other heavy requirement is for architects as they have to prepare a
complete blue print of the building they have to build long before the actual construction
work gets underway. AutoCAD and other applications of the kind are heavily used today
for building architecture.

Entertainment

Merely a couple of decades back, the idea of a 24 hours Cartoons Network was really a
far fetched one. That was the time when one would wait for a whole week long before
getting an entertainment of mere 15 minutes. Well thanks to computer graphics that have
enabled us to entertain ourselves with animated movies, cartoons etc.
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1.3 Some History

The term “computer graphics” was coined in 1960 by William Fetter to describe the new
design methods that he was developing at Boeing. He created a series of widely
reproduced images on a plotter exploring cockpit design using a 3D model of a human
body.

Whirlwind: early graphics using Vector Scope (1951)

Spacewars: first computer graphics game (MIT 1961)

GAME OVER
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Early texture-mapped image (Catmull 1974)
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First distributed ray traced image (Cook 1984)

First ray traced image (Whitted 1980)

1.4 Graphics Applications

Due to rapid growth in the field of computing, now computer is used as an economical
and efficient tool for the production of pictures. Computer graphics applications are found
in almost all areas. Here we will discuss some of the important areas including:

i.  User Interfaces

ii. Layout and Design

iii. Scientific Visualization and Analysis

iv. Art and Design

v. Medicine and Virtual Surgery

vi. Layout Design & Architectural Simulations
vii. History and cultural heritage

viii.  Entertainment

ix. Simulations

x. Games
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User Interfaces

Almost all the software packages provide a graphical interface. A major component of
graphical interface is a window manager that allows a user to display multiple windows
like areas on the screen at the same time. Each window can contain a different process
that can contain graphical or non-graphical display. In order to make a particular window
active, we simply have to click in that window using an interactive pointing device.

Graphical Interface also includes menus and icons for fast selection of programs,
processing operations or parameter values. An icon is a graphical symbol that is designed

to look like the processing option it represents.
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Scientific Visualization and Analysis

Computer graphics is very helpful in producing graphical representations for scientific
visualization and analysis especially in the field of engineering and medicine. It helps a
lot in drawing charts and creating models.

.
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ART AND DESIGN

Computer graphics is widely used in Fine Arts as well as commercial arts for producing
better as well as cost effective pictures. Artists use a variety of programs in their work,
provided by computer graphics. Some of the most frequently used packages include:
Artist’s paintbrush

Pixel paint

Super paint

10
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Medicineand Virtual Surgery

Computer graphics has extensive use in tomography and simulations of operations.
Tomography is the technique that allows cross-sectional views of physiological systems
in X-rays photography. Moreover, recent advancement is to make model and study
physical functions to design artificial limbs and even plan and practice surgery.

Computer-aided surgery iscurrently a hot topic.

11
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Room Layout Design and Architectural Simulations

12
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Layout Design & Architectural Simulations
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History and cultural heritage

Another important application of computer graphics is in the field of history and cultural
heritage. A lot of work is done in this area to preserve history and cultural heritage. The
features so for provide are:

* Innovative graphics presentations developed for cultural heritage
applications

= Interactive computer techniquesfor education in art history and ar cheology

= New analytical tools designed for art historians

=  Computer simulationsof different classes of artistic media

14
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Movies

Computer graphics methods are now commonly used in making motions pictures, music
videos and television shows. Sometimes the graphics scenes are displayed by themselves
and sometimes graphics objects are combined with the actors and live scenes. A number
of hit movies and shows are made using computer graphics technology. Some of them
are:

Star Trek- The Wrath of Khan
Deep Space Nine

Stay Tuned

Reds Dreams

She'sMad

Tron (1980)
First time computer graphics were used for live action sequences.

16
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Star Wars (1977)

18

© Copyright Virtual University of Pakistan



1-Introduction to Computer Graphics VU

Star Trek II: The Wrath of Khan, genesis

The Last Starfighter (15 minutes) (1982)

19
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Special
Effects... in
Live Action
Cinema

20
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“Traditional” Animated
Features...

Some examples:

» Automating Keyframing in
many Disney-type
animations

» The flocking behaviour of
thewild beast in Lion King
*Non photorealistic
rendering: 3D effects in
Futurama
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ltTﬂIJk AI'ITIY O'f

Sllu:un Graphics Maclliles

to Produce

Behind the scenes on Ant7z Production

Number of frames in the movie

Number of times the movie was rendered during production
Number of feet of approved animation produced in a week
Total number of hours of rendering per week

Average size of the frame rendered

Total number of Silicon Graphics servers used for rendering
Number of desktop systems used in production

Total Number of processors used for rendering

Average amount of memory per processor

Time it would have taken to render this movie on 1 processor
Amount of storage required for the movie

Amount of frames kept online at any given time

Time to re-film out final cut beginning to end

119,592

15 (approx.)
107 ft.
275,000 hrs.
6 MB

270

166

700

256 MB

54 yrs., 222 days, 15 mins., 36

3.27TB
75000 frames
41.5 days (997 hrs.)

22
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Simulations

Simulation by all means is a very helpful tool to show the idea you have or the work you
are doing or to see the results of your work. Given below is the picture in which you can
see wave’s ripples on water; no doubt looking like original but is simply a simulation. A
number of software packages are used for simulation including:

Crackerjack Computer Skills
Keen Artistic Eye

Flash
Maya

Advie Imuge Solteare L¥

EoArete Tmige Soltware 1996

Game

Thanks to computer graphics, real time games are now possible. Now game programming
itself has become an independent field and game programmers are in high demand. Some
of the famous games are:

Quake

Dooms

Need For Speed
Commandos

23
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¢ Entertainment: Games

id: Quake |l

Cyan: Riven

Related Disciplines

Data
Processing

Computer
Vision

Computer
Graphics

Image
Processing
Interdisciplinary

= Science

= Physics: light, color, appearance, behavior

= Mathematics: Curves and Surfaces, Geometry and Perspective

= Engineering

= Hardware: graphics media and processors, input and output devices

= Software: graphics libraries, window systems

= Art, Perception and Esthetics

= Color, Composition, Lighting, Realism

24
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L ecture No.2 Graphics Systems||

Introduction of Graphics Systems

With the massive development in the field of computer graphics a broad range of graphics
hardware and software systems is available. Graphics capabilities for both two-
dimensional and three-dimensional applications are now common on general-purpose
computers, including many hand-held calculators. On personal computers there is usage
of a variety of interactive input devices and graphics software packages; whereas, for
higher-quality applications some special-purpose graphics hardware systems and
technologies are employed.

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, but several other
technologies exist and solid-state monitors may eventually predominate.

Refresh Cathode-Ray Tubes

Following figures illustrate the basic operation of a 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. The phosphor
then emits a small spot of light at each position contacted by the electron beam.

The light emitted by the phosphor fades very rapidly therefore to keep the picture it is
necessary to keep the phosphor glowing. This is achieved through redrawing the picture
repeatedly by quickly directing the electron beam back over the same points and the
display using this technique is called refresh CRT.

The primary components of an electron gun in a CRT are the heated metal cathode and a
control grid. Heat is supplied to the cathode by directing a current through filament (a
coil of wire), inside the cylindrical cathode structure. Heating causes electrons to be
boiled off the hot cathode surface. In the vacuum inside the CRT envelope, the free,
negatively charged electrons are then accelerated toward the phosphor coating by a high
positive voltage.

Electron

gun Focusing Interior metallic coating
at high positive voltage

Heating
filament

Control
grid

Deflection

coils Screen

Phosphor
coating

25
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The accelerating voltage can be generated with a positively charged metal coating on
the inside of the CRT envelope near the phosphor screen an accelerating anode can be
used.

gncT sing
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Intensity of the electron beam is controlled by setting voltage levels on the control grid,
a metal cylinder that fits over the cathode. A high negative voltage applied to the control
grid will shut off the beam by repelling electrons and stopping them from passing through
the small hole at the end of the control grid structure. A smaller negative voltage on the
control grid simply decreases the number of electrons striking the phosphor coating on
the screen.

It is the responsibility of focusing system to converge electron beam to a small spot
where it strikes the phosphor. Otherwise the electrons will repel each other and the beam
would disperse. This focusing is achieved through electric or magnetic fields.

In electrostatic focusing the electron beam passes through a positively charged metal
cylinder that forms an electrostatic lens. Then electrostatic lens focuses the electron beam
at the center of the screen. Similar task can be achieved with a magnetic field setup by a
coil mounted around the outside of the CRT envelope. Magnetic lens focusing produces
the smallest spot size on the screen and is used in special purpose devices.

The distance that the electron beam must travel from gun to the exact location of the
screen that is small spot is different from the distance to the center of the screen in most
CRTs because of the curvature therefore some additional focusing hardwar e is required
in high precision systems to take beam to all positions of the screen. This procedure is
achieved in two steps in first step beam is conveyed through the exact center of the screen

26
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and then additional focusing system adjust the focusing according to the screen position
of the beam.

Cathoderay tubes are now commonly constructed with magnetic deflection coils
mounted on the outside of the CRT envelope. Two pairs of coils are used, with the coils
in each pair mounted on opposite sides of the neck of the CRT envelope. One pair is
mounted on the top and bottom of the neck and the other pair is mounted on opposite
sides of the neck. The magnetic field produced by each pair of coils results in a traverse
deflection force that is perpendicular both to the direction of the magnetic field and to the
direction of travel of the electron beam. Horizontal deflection is achieved with one pair
of coils, and vertical deflection by the other pair. The proper deflection amounts are
attained by adjusting the current through the coils. When electrostatic deflection is used,
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
vertical to control horizontal deflection.

Vertical Phosphor-
Feocusing Deflection — Coated
Systam Plates Screen
/ i _ Electron
Connector Electron Horizontal Baamn
Fins Gun Deflactian
Plates

Phosphor is available in different kinds. One variety is available in color but a major
issue is their persistence. Persistence is defined as the time it takes the emitted light from
the phosphor to decay to one-tenth of its original intensity. Lower persistence phosphors
require higher refresh rates to maintain a picture on the screen without flicker. A
phosphor with low persistence is useful for displaying highly complex, static pictures.
Monitors normally come with persistence in the range from 10 to 60 microseconds.

The maximum number of points (that can be uniquely identified) on a CRT is referred to
as the resolution. A more precise definition of resolution is the number of points per
centimeter that can be plotted horizontally and vertically, although it is often simply
stated as the total number of points in each direction.

Finally aspect ratio; is the ratio of vertical points to horizontal points necessary to
produce equal-length lines in both directions on the screen. An aspect ratio of 3/4 means
that a vertical line plotted with three points has the same length as a horizontal line
plotted with four points.

RASTER-SCAN SYSTEMS
Raster scan is the most common type of monitors using CRT. In raster scan picture is
stored in the area called refresh buffer or frame buffer. First of all why information is
stored; because picture have to be refreshed again and again for this very reason it is
stored. Second is how it is stored; so picture is stored in a two dimensional matrix where
each element corresponds to each pixel on the screen. If there arise a question what is a
pixel? The very simple answer is a pixel (short for picture element) represents the shortest
27

© Copyright Virtual University of Pakistan



2-Graphics Systems I VU

possible unique position/ element that can be displayed on the monitor without
overlapping.

The frame buffer stores information in a two dimensional matrix; the question is that how
many bits are required for each pixel or element. If there is black and white picture then
there is only one bit required to store ‘0’ for black or 1 for white and in this case buffer
will be referred as bitmap. In colour pictures obviously multiple bits are required for
each pixel position depending on the possible number of colours for example to show 256
colours 8 bits will be required for each pixel and in case if multiple bits are used for one
pixel frame buffer will be referred as pixmap.

Now with the information in frame buffer, let us see how an image is drawn. The drawing
is done in a line-by-line fashion. After drawing each line from left to right it reaches at the
left end of the next line to draw next line; which is called horizontal retrace. Similarly
after completing all lines in horizontal fashion it again reaches the top left corner to start
redrawing the image (that is for refreshing) and this is called vertical retrace. Normally
each vertical retrace takes 1/60™ of a second to avoid flickering.

There are two further methods to scan the image: interlaced and non-interlaced. In
interlaced display beam completes scanning in two passes. In one pass only odd lines are
drawn and in the second pass even lines are drawn. Interlacing provides effect of double
refresh rate by completing half of the lines in half of the time. Therefore, in systems with
low refresh rates interlacing helps avoid flickering.

RANDOM-SCAN Displays

In random-scan displays a portion of the screen can be displayed. Random-scan displays
draw a picture one line at a time and are also called vector displays (or stroke-writing or
calligraphic displays). In these systems image consists of a set of line drawing commands
referred to as Refresh Display File. Random-scan can refresh the screen in any fashion
by repeating line drawing mechanism.

Random-scan displays are designed to draw all the component lines of a picture 30 to 60
times each second. High-quality vector systems are capable of handling approximately
100,000 short lines at this refresh rate. When a small set of lines is to be displayed, each
refresh cycle is delayed to avoid refresh rates greater than 60 frames per second.
Otherwise, faster refreshing of the set of lines could burn out the phosphor.

Random-scan displays are designed for line-drawing applications and cannot display
complex pictures. The lines drawn in vector displays are smoother whereas in raster-scan
lines often become jagged.

Color CRT Monitors

A CRT monitor displays colour pictures by using a combination of phosphors that emit
different coloured light. With the combination of phosphor a range of colours can be
displayed. There are two techniques used in colour CRT monitors:

= Beam Penetration Method
=  Shadow Mask Method

28
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In beam penetration method two layers of phosphor, usually coated onto the inside of
the CRT screen, and the displayed colour depend on how far the electron beam penetrates
into the phosphor layers. At intermediate beam speeds, combinations of red and green
light are emitted to show two additional colours, orange and yellow. Beam penetration is
an inexpensive way to produce colours as only a few colours are possible and the quality
of picture is also not impressive.

Shadow mask methods can Phosphor Coated
display a wide range of colours. Shadow Mask

In this technique each pixel

position is made up of three G

phosphor dots called triads as R hmeeen

shown in the following figure. B m®-"""""
Three phosphor dots have Electron Guns
different colors i.e. red, green and

blue and the display colour is

made by the combination of all three dots. Three guns are used to throw beam at the three
dots of the same pixel. By varying intensity at each dot a wide range of colours can be
generated.

A shadow-mask is used which has holes aligned with the dots so that each gun can fire
beam to corresponding dot only.

CRT Displays
Advantages
Fast response (high resolution possible)
Full colour (large modulation depth of E-beam)
Saturated and natural colours
Inexpensive, matured technology
Wide angle, high contrast and brightness
Disadvantages
Large and heavy (typ. 70x70 cm, 15 kg)
High power consumption (typ. 140W)
Harmful DC and AC electric and magnetic fields

Flickering at 50-80 Hz (no memory effect) P
Geometrical errors at edges A

S |

. . . Flood "'Jr_l,- -"] Screen
Direct View Storage Devices Gun /"' - '
L

A direct view storage tube stores the picture —-i,! £ _
information as a charge distribution just | - -

X ot | orage
behind the phosphor-coated screen. Two | s | /]/ Grid
electron guns are used in this system as [ & - Ftl
shown in the following figure. They are: ' = Cortraller

glg y primary Foms h"th Pt L“,I/ Srid
electron gun Dzusmg g b =
* Primary Gun defiecton T b |
=  Flood Gun system b
Primary gun is used to store the picture
pattern whereas flood gun maintains the picture display.
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DVST has advantage that no refresh is required so very complex pictures can be
displayed at very high resolutions without flicker. Whereas, it has disadvantage that
ordinarily no colors can be displayed and that selected parts of a picture cannot be erased.
To eliminate a picture section, the entire screen must be erased and the modified picture
redrawn. The erasing and redrawing process can take several seconds for a complex

picture.

Flat-Panel Displays

This is emerging technology slowly replacing CRT
monitors. The flat-panel displays have following
properties:

e Little Volume
e Light Weight
e Lesser Power consumption

Flat panels are used in calculators, pocket video games and
laptop computers.

There are two categories of flat panel displays:
e Emissive Display (Plasma Panels)
e Non-Emissive Display (Liquid Crystal Display)

The emissive displays (emitters) are devices that convert electrical energy into light.
Plasma panels, thin-film electro-luminescent displays, and light-emitting diodes are
examples of emissive displays. Non-emissive displays (non-emitters) use optical effects
to convert sunlight or light from some other source into graphics patterns. The most

important example of a non-emissive flat-panel
display is a liquid-crystal device.

Plasma-panel Displays

Plasma panels also called gas-discharge displays
are constructed by filling the region between two
glass plates with a mixture of gases that usually
includes neon. A series of vertical conducting
ribbons is placed on one glass panel, and a set of
horizontal ribbons is built into the other glass panel.
Firing voltages applied to a pair of horizontal and
vertical conductors cause the gas at the intersection
of the two conductors to break down into glowing
plasma of electrons and ions. Picture definition is
stored in a refresh buffer, and the firing voltages are
applied to refresh the pixel positions 60 times per
second.

Advantages
—Large viewing angle

Dielectric
layer

Glass Plate

"I~ Glass Plate

30

© Copyright Virtual University of Pakistan



2-Graphics Systems [

—Good for large-format displays

—Fairly bright

Disadvantages

—Expensive

—Large pixels (~1 mm versus ~0.2 mm)

—Phosphors gradually deplete

—Less bright as compared to CRTs, using more power

Liquid Crystal Displays

Liquid crystal refers to the fact that these Back Light

compounds have a crystalline arrangement

of molecules, yet they flow like a liquid.

Flat panel displays use nematic liquid Glass

crystal, as demonstrated in the folloWing oo

figures. Layers N i |
Glass

Two glass plates, each containing a light
polarizer at right angles to the other plate,
sandwich the liquid-crystal material. Rows
of horizontal transparent conductors are Polarizer Twisted Nematic Cell
built into one glass plate, and columns of
vertical conductors are put into the other
plate. The intersection of two conductors
defines a pixel position. Polarized light
passing through the material is twisted so
that it will pass through the opposite
polarizer. The light is then reflected back to
the viewer. To turn off the pixel, we apply
a voltage to the two intersecting conductors
to align the molecules so that the light is
not twisted.

Incident
Light

LCD Displays Twisted Nematic Cell

Advantages

Small footprint (approx 1/6 of CRT)

Light weight (typ. 1/5 of CRT)

Low power consumption (typ. 1/4 of CRT)
Completely flat screen - no geometrical errors
Crisp pictures - digital and uniform colours
No electromagnetic emission

Fully digital signal processing possible

Large screens (>20 inch) on desktops

Disadvantages

High price (presently 3x CRT)

Poor viewing angle (typ. +/- 50 degrees)

Low contrast and luminance (typ. 1:100)

Low luminance (Natural light) (typ. 200 cd/m2)

. Polarizer

Transparent
Eiecirodes

~———Polarizer

Polarizer

Blocked
Light
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Three-Dimensional Viewing Devices

Graphics monitors for the display of three-dimensional scenes have been devised using a
technique that reflects a CRT image from a vibrating, flexible mirror. In this system when
varifocal mirror vibrates it changes focal length. These vibrations are synchronized with
the display of an object on a CRT so that

each pomt on thf: object is r.eﬂected frgm vibrating mirror
the mirror into spatial  position

cm;respondmg to .the d}stapce of . j[hat eye 1‘».-:-,_ e
point from a specified viewing position.

This allows user to walk around an object
or scene and view it from different sides.

virtual
images

Virtual Reality Devices

Virtual reality system enables users to o=
move and react in a computer-simulated
environment. Various types of devices allow
users to sense and manipulate virtual objects
much as they would real objects. This natural
style of interaction gives participants the
feeling of being immersed in the simulated
world. Virtual reality simulations differ from
other computer simulations in that they require
special interface devices that transmit the
sights, sounds, and sensations of the simulated
world to the user. These devices also record
and send the speech and movements of the
participants to the simulation program.

To see in the virtual world, the user wears a
head-mounted display (HMD) with screens
directed at each eye. The HMD contains a
position tracker to monitor the location of the
user's head and the direction in which the user
is looking. Using this information, a computer
recalculates images of the virtual world to match the
direction in which the user is looking and displays
these images on the HMD.

Users hear sounds in the virtual world through
earphones in the HMD. The hepatic interface, Wthh
relays the sense of touch and other ..
physical sensations in the virtual
world, is the least developed
feature. Currently, with the use of a
glove and position tracker, the user
can reach into the virtual world and
handle objects but cannot actually
feel them.
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Another interesting simulation is interactive walk through. A sensing system in the
headset keeps track of the viewer’s opposition, so that the front and back of objects can
be seen as the viewer walks and interacts with the displays. Similarly given below is a
figure using a headset and a data glove worn on the right hand?

data glove as
interaction

device o L
HMD in combination

with data glove
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Lecture No.3 Graphics Systems |
Raster-Scan Systems

Interactive raster graphics systems typically employ several processing units. In addition
to the CPU, a special purpose processor, called the video controller or display
controller is used to control the operation of the display device.

Organization of a simple raster system is shown in following figure. Here the frame
buffer can be anywhere in the system memory, and the video controller accesses the
frame buffer to refresh the screen.

Swstern Wideo —» Dloritor
L) Mletroesy Cortrolle

Systern
Bus

10
Desrices

Architecture of a simple raster graphics system

In addition to the video controller more sophisticated raster systems employ other
processors as coprocessors and accelerators to implement various graphics operations.

Video Controller

Following figure shows a commonly used organization for raster systems. A fixed area of
the system memory is reserved for the frame buffer, and the video controller is given
direct access to the frame-buffer memory.

Frame-buffer locations, and the corresponding screen positions, are referenced in
Cartesian coordinates.
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Frame Video CRT
Buffer Controller

Display System
Processor Memory

3L 3L
system Bus
i

CPU

Architecture of a raster system with a fixed portion of a system
memory reserved for the frame buffer.

In the following figure the basic refresh operations of the video controller are
diagrammed. Two registers are used to store the coordinates of the screen pixels. Initially,
the x register is set to 0 and the y register is set to ymax. The value stored in the frame
buffer for this pixel position is then retrieved and used to set the intensity of the CRT
beam. Then the x register is incremented by 1, and the process repeated for the next pixel
on the top scan line. This procedure is repeated for each pixel along the next line by
resetting x register to 0 and decrementing the y register by 1. Pixels along this scan line
are then processed in turn, and the procedure is repeated for each successive scan line.
After cycling through all pixels along the bottom scan line y=0, the video controller resets
to the first pixel position on the top scan line and the refresh process starts over.

| Raster Scan Generator I_' Horizontal and Vertical

l l Deflection Voltages
| Register X | | Register Y |
| Memory Addresses | | Pixel Register |—p Intensity

l T

Frame Buffer

Basic Video Controller Refresh Operations

Since the screen must be refreshed at the rate of 60 frames per second, the simple
procedure illustrated in above figure cannot be accommodated by typical RAM chips.
The cycle time is too large making the process very slow. To speed up pixel processing,
video controllers can retrieve multiple pixel values from the refresh buffer on each pass.
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The multiple pixel intensities are then stored in a separate register and used to control the
CRT beam intensity for a group of adjacent pixels. When that group of pixels has been
processed, the next block of pixel values is retrieved from the frame buffer.

Raster Scan Display Processor

Following figure shows one way to setup the organization of a raster system containing a
separate display processor, sometimes referred to as a graphics controller or a display
coprocessor. The purpose of the display processor is to free the CPU from the graphics
chores. In addition to the system memory, a separate display processor memory area can
also be provided.

A major task of the display processor is digitizing a picture definition given in an
application program into a set of pixel-intensity values for storage in the frame buffer.
This digitization process is called scan conversion.

Display Processor Frame Video _
Memory Buffer > Controller — Monitor
CPU Display System Memory
Processor

I 7'y

| System Bus |
v

| I/O Devices |

Architecture of a raster graphics system with a display processor

Raster-Scan Characters

Graphics commands specifying straight lines and other geometric objects are scan
converted into a set of discrete intensity points. Scan converting a straight-line segment,
for example, means that we have to locate the pixel positions closest to the line path and
store the intensity for each position in the frame buffer. Similar methods are used for scan
converting curved lines and polygon outlines.

Characters can be defined with rectangular grids, as shown in following figure, or they
can be defined with curved outlines shown in the right hand side figure given below. The
array size for character grids can vary from about 5 by 7 to 9 by 12 or more for higher-
quality displays. A character grid is displayed by superimposing the rectangular grid
pattern into the frame buffer at a specified coordinate position. With characters that are
defined as curve outlines, character shapes are scan converted into the frame buffer.
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1!r Yy

P

Defined as a grid of
pixel positions

Defined as a
curve outline

Random-Scan Systems

The organization of a simple random scan system is shown in following figure. An
application program is input and stored in the system memory along with a graphics
package. Graphics commands in the application program are translated by the graphics
package into a display file stored in the system memory. This display file is then accessed
by the display processor to refresh the screen. The display processor cycles through each
command in the display file program once during every refresh cycle. Sometimes the
display processor in a random scan system is referred to as a display processing unit or
graphicscontroller.

Srstern Display | ——— Ilonitor
CPU Ilemoy Processo

Swstern
Bus

!

j (]
Desrices

Architecture of a simple random scan system

Graphics Card or Display Adapters
A video card is typically an adapter, a removable expansion card in the PC. Thus, it can
be replaced!

A video display adapter which is the special printed circuit board that plugs into one of
the several expansion slots present on the mother board of the computer. A video display
adapter is simply referred as a video card.

The video card can also be an integral part of the system board; this is the case in certain

brands of PCs and is always the case in laptops and clear preference for the replaceable
video card in some PCs.
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A number of display adapters are available with varying capabilities especially Intel
systems support following adapters:

Monochrome Adapter (MA)

Hercules Adapter (HA)

Color Graphics Adapter (CGA)
Enhanced Graphics Adapter (EGA)

= Multicolor Graphics Adapter (MCGA)
= Video Graphics Adapter (VGA)

= Super Video Graphics Adapter (SVGA)
= Extended Graphics Adapter (XGA)

Monochrome Adapter

The simplest and the first available adapter is MA. This adapter can display only text in
single color and has no graphics displaying capability. Originally this drawback only
prevented the users from playing video games, but today, even the most serious business
software uses graphics and color to great advantage. Hence, MA is no longer suitable,
though it offers clarity and high resolution.

Hercules Adapter

The Hercules card emulates the monochrome adapter but also operates in a graphics
mode. Having graphics capabilities the Hercules card became somewhat of a standard for
monochrome systems.

Color Graphics Adapter
This adapter can display text as well as graphics. In text mode it operates in 25 rows by
80 column mode with 16 colors. In graphics mode two resolutions are available:

=  Medium resolution graphics mode 320 * 200 with 4 colors available from palette
of 16 colors
= and 640 * 200 with 2 colors

One drawback of CGA card is that it produces flicker and snow. Flicker is the annoying
tendency of the text to flash as it moves up or down. Snow is the flurry of bright dots that
can appear anywhere on the screen.

Enhanced Graphics Adapter

The EGA was introduced by IBM in 1984 as alternative to CGA card. The EGA could
emulate most of the functions and all the display modes of CGA and MA. The EGA
offered high resolution and was not plagued with the snow and flicker problems of CGA.
In addition EGA is designed to use the enhanced color monitor capable of displaying 640
* 350 in 16 colors from a palette of 64.

The EGA card has several internal registers. A serious limitation of the EGA card is that
it supports write operations to most of its internal registers, but no read operation. The
result is it is not possible for software to detect and preserve the state of the adapter,
which makes EGA unsuited for memory resident application or for multitasking like
windows and OS/2.
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Multicolor Graphics Adapter

The MCGA was designed to emulate the CGA card and to maintain compatibility with all
the CGA modes. In addition to the text and graphics modes of the CGA, MCGA has two
new graphics modes:

640 * 480 with 2 colors

320 * 200 in with 256 colors

Video Graphics Adapter
The VGA supports all the display modes of MA, CGA and MCGA. In addition VGA
supports a graphics mode of 640 * 480 with 16 colors.

Super Video Graphics Adapter

The SVGA designation refers to enhancements to the VGA standard by independent
vendors. Unlike display adapters discussed earlier SVGA does not refer to a card that
meets a particular specification but to a group of cards that have different capabilities. For
example one card may have resolutions 800 * 600 and 1024 * 768, whereas, another card
may have same resolution but more colors. These cards have different capabilities, but
still both of them are classified as SVGA. Since each SVGA card has different
capabilities, you need special device driver programs for driving them. This means that
unlike VGA cards which can have a single driver that works with all VGA cards,
regardless of the vendor, each SVGA card must have a corresponding driver.

Extended Graphics Adapter
The XGA evolved from the VGA and provides greater resolution, more colors and much
better performance. The XGA has a graphics processor bus mastering. Being a bus master
adapter means that the XGA can take control of the system as though it were the mother
board. In essence, a bus master is an adapter of the mother board. The XGA offers 2 new
modes:

640 * 480 with 16 bit colors (65536 colors)

1024 * 768 with 8 bit colors (256 colors)

Video Card Supportsthe CPU
The video card provides a support function for the CPU. It is a processor like the CPU.
However it is especially designed to control screen images.

Video card

\ideo |:> RAMDAC '
i
L

chip RAM

AGP or PCl interface l

CPU
Mainboard
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RAM on the Video Card
Video cards always have a certain amount of RAM. This RAM is also called the frame
buffer. Today video cards hold plenty of RAM, but earlier it was more important:

How much RAM? That is significant for color depth at the highest resolutions.
Which type of RAM? This is significant for card speed.

Video card RAM is necessary to keep the entire screen image in memory. The CPU sends
its data to the video card. The video processor forms a picture of the screen image and
stores it in the frame buffer. This picture is a large bit map. It is used to continually
update the screen image.

3D - lotsof RAM

Supporting the demand for high quality 3D performance many new cards come with a
frame buffer of 16 or 32 MB RAM and they use the AGP interface for better bandwidth
and access to the main memory.

VRAM
Briefly, in principle all common RAM types can be used on the video card. Most cards
use very fast editions of ordinary RAM (SDRAM or DDR).

Some high end cards (like Matrox Millennium II) earlier used special VRAM (Video
RAM) chips. This was a RAM type, which only was used on video cards. In principle, a
VRAM cell is made up of two ordinary RAM cells, which are "glued" together.
Therefore, you use twice as much RAM than otherwise.

VRAM also costs twice as much. The smart feature is that the double cell allows the
video processor to simultaneously read old and write new data on the same RAM address.
Thus, VRAM has two gates which can be active at the same time. Therefore, it works
significantly faster.

With VRAM you will not gain speed improvements increasing the amount of RAM on
the graphics controller. VRAM is already capable of reading and writing simultaneously
due to the dual port design.

UMA and DVMT

On some older motherboards the video controller was integrated. Using SMBA (Shared
Memory Buffer Architecture) or UMA (Unified Memory Architecture) in which parts of
the system RAM were allocated and used as frame buffer. But sharing the memory was
very slow and the standards never became very popular.

A newer version of this is found in Intel chip set 810 and the better 815, which also
integrates the graphics controller and use parts of the system RAM as frame buffer. Here
the system is called Dynamic Video Memory Technology (D.V.M.T.).

The RAMDAC
All traditional graphics cards have a RAMDAC chip converting the signals from digital
to analog form. CRT monitors work on analog signals. The PC works with digital data
which are sent to the graphics adapter. Before these signals are sent to the monitor they
have to be converted into analog output and this is processed in the RAMDAC:
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The recommendation on a good
RAMDAC goes like this: RAM
= External chip, not | RAM DAC MW
integrated in the VGA
chip -
= Clock speed: 250 - 360 I
MHz.

monaonm
oo1101110,

Heavy Data Transport

The original VGA cards were said to be "flat." They were unintelligent. They received
signals and data from the CPU and forwarded them to the screen, nothing else. The CPU
had to make all necessary calculations to create the screen image.

As each screen image was a large bit map, the CPU had to move a lot of data from RAM
to the video card for each new screen image.

The graphic interfaces, like Windows, gained popularity in the early nineties. That
marked the end of the "flat" VGA cards. The PC became incredibly slow, when the CPU
had to use all its energy to produce screen images. You can try to calculate the required
amount of data.

A screen image in 1024 x 768 in 16 bit color is a 1.5 MB bit map. That is calculated as
1024 x 768 x 2 bytes. Each image change (with a refresh rate of 75 HZ there is 75 of
them each second) requires the movement of 1.5 MB data. That zaps the PC energy,
especially when we talk about games with continual image changes.

Furthermore, screen data have to be moved across the I/O bus. In the early nineties, we
did not have the PCI and AGP buses, which could move large volumes of data. The
transfer took place through the ISA bus, which has a very limited width. Additionally the
CPUs were 386’s and early 486’s, which also had limited power.

Accelerator Cards
In the early nineties the accelerator video cards appeared. Today all cards are accelerated

and they are connected to the CPU through high speed buses like PCI and AGP.

With accelerated video chips, Windows (and with that the CPU) need not calculate and
design the entire bit map from image to image. The video card is programmed to draw

lines, Windows and other image elements.

Instructions

The CPU can, in a brief code, transmit
which image elements have changed VIdED
. L. . accelerator
since the last transmission. This saves

the CPU a lot of work in creating screen
images. The video chip set carries the | -
heavy load: CPU I

All video cards are connected to the PCI or the AGP bus, this way providing maximum
data transmission. The AGP bus is an expanded and improved version of the PCI bus -
used for video cards only.
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Modern video cards made for 3D gaming use expensive high-end RAM to secure a
sufficient bandwidth. If you for example want to see a game in a resolution of 1280 x
1024 at 80 Hz, you may need to move 400 MB of data each second - that is quite a lot.
The calculation goes like this:

1280 X 1024 pixels x 32 bit (color depth) x 80 = 419,430,400 bytes
419,430,400 bytes = 409,600 kilobytes = 400 megabytes.

GraphicsLibraries
Graphics developers some time use 2D or 3D libraries to create graphics rapidly and
efficiently. These developers include game developers, animators, designers etc.

The following libraries are commonly used among developers:

FastGL
OpenGL
DirectX
Others

Advantages of GraphicsLibraries
These libraries help developers to create fast and optimized animations and also help to
access features that are available in video hardware.

Hardware manufacturers give support in hardware for libraries. Famous manufacturers
include SIS, NVIDIA, ATI, INTEL etc.

Graphics Software

There is a lot of 2D and 3D software available in the market. These software provide
visual interface for creation of 2D and 3D animation / models image creation. These tools
are under use of movie makers, professional animators and designers.

These tools are flash, Maya, 3D studio max, adobe photo shop, CorelDraw, image viewer,
paintbrush etc.
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Lecture No.4 Point
Pixel: The smallest dot illuminated that can be seen on screen.
Picture: Composition of pixels makes picture that forms on whole screen

Resolution

We know that Graphics images on the screen are built up from tiny dots called picture
elements or pixels. The display resolution is defined by the number of rows from top to
bottom, and number of pixels from left to right on each scan line.

Since each mode uses a particular resolution. For example mode 19 uses a resolution of
200 scan lines, each containing 320 pixels across. This is often referred to as 320*200
resolution.

In general, higher the resolution, more pleasing is the picture. Higher resolution means a
sharper, clearer picture, with less pronounced ‘staircase’ effect on lines drawn diagonally
and better looking text characters. On the other hand, higher resolution also means more
memory requirement for the display.

Text and Graphics Modes

We discussed different video hardware devices that include VGA cards and monitors.
Video cards are responsible to send picture data to monitor each time it refresh itself.
Video cards support both different text and graphics modes. Modes consist of their own
refresh rate, number of colors and resolutions (number of rows multiply by number of
columns). The following famous video modes that we can set in today’s VGA cards on
different refresh rate:

25 * 80 with 16 colors support (text mode)

320 * 200 with 8 bit colors support (graphics mode)

640 * 480 with 16 colors support (graphics mode)

640 * 480 with 8, 16, 24, 32 bit color support (graphics mode)
800 * 600 with 8, 16, 24, 32 bit color support (graphics mode)

Text and Graphics

All modes are fundamentally of two types, text or graphics. Some modes display only text
and some are made only for graphics. As seen earlier, the display adapter continuously
dumps the contents of the VDU (video display unit) memory on the screen.

The amount of memory required representing a character on screen in text mode and a
pixel in graphics mode varies from mode to mode.

ModeNo. | Type Resolution Memory Required
3 Text 80 x 25 2 bytes per char

6 Graphics 640 x 200 1 bit per pixel

7 Text 80 x 25 2 bytes per char

18 Graphics 640 x 480 1 bit per pixel

19 Graphics 320 x 200 1 byte per pixel
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In mode 6 each pixel displayed on the screen occupies one bit in VDU memory. Since
this bit can take only two values, either 0 or 1, only two colors can be used with each
pixel.

How text displays

As seen previously text modes need two bytes in VDU memory to represent one character
on screen; of these two bytes, the first byte contains the ASCII value of the character
being displayed, whereas the second byte is the attribute byte. The attribute byte controls
the color in which the character is being displayed.

The ASCII value present in VDU memory must be translated into a character and drawn
on the screen. This drawing is done by a character generator this is part of the display
adapter or in VBIOS. The CGA has a character generator that uses 8 scan lines and 8
pixels in each of these scan lines to produce a character on screen; whereas the MA’s
character generator uses 9 scan lines and 14 pixels in each of these scan lines to produce a
character. This larger format of MA makes the characters generated by MA much sharper
and hence easier to read.

On older display adapters like MA and CGA, the character generator is located in ROM
(Read Only Memory). EGA and VGA do not have a character generator ROM. Instead,
character generator data is loaded into plane 2 of display RAM. This feature makes it easy
for custom character set to be loaded. Multiple character sets (up to 4 for EGA and up to
8 for VGA) may reside in RAM simultaneously.

A set of BIOS services is available for easy loading of character sets. Each character set
can contain 256 characters. Either one or two character sets may be active giving these
adapters on the screen simultancously. When two character sets are active, a bit in each
character attribute byte selects which character set will be used for that character.

Using a ROM-BIOS service we can select the active character set. Each character in the
standard character set provided with the EGA is 8 pixels wide and 14 pixels tall. Since
VGA has higher resolution, it provides a 9 pixel wide by 16 pixels tall character set.
Custom character set can also be loaded using BIOS VDU services.

The graphics modes can also display characters, but they are produced quite differently.
The graphics modes can only store information bit by bit. The big advantage of this
method is that you design characters of desired style, shape and size.

Text modecolors

In mode 3, for each character on screen there are two bytes in VDU memory, one
containing the ACCII value of the character and other containing its attribute. The
attribute byte controls the color of the character. The attribute byte contains three
components: the foreground color (color of the character itself), the background color
(color of the area not covered by the character) and the blinking component of the
character. The next slide shows the breakup of the attribute byte.
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Bits
716 |5 4 13 |2 |1 |Purpose
X |x |x |x |x |x |[x |1 |Bluecomponentof foreground color
X |x |x |x |x |x |1 |x | Greencomponent of foreground color
X [x |x |x [x |1 |x |x |Redcomponent of foreground color
X |x |x |x |1 |x |x |x | Intensity component of foreground color
X |[x |x |1 [x |x |x |x |Bluecomponent of background color
X |x |1 |x |x |x |x |x | Greencomponent of background color
X |1 |x |x [x |x |x |x |Redcomponentof background color
I [x |x |x |x |[x |[x |x | Blinking component

Graphics Mode colors

So far we have seen how to set color in text modes. Setting color in graphics modes is
quite different. In the graphics mode each pixel on the screen has a color associated with
it. There are important differences here as compared to setting color in text mode. First,
the pixels cannot blink. Second, each pixel is a discrete dot of color, there is no
foreground and background. Each pixel is simply one color or another. The number of
colors that each adapter can support and the way each adapter generates these colors is
drastically different. But we will only discuss here colors in VGA.

Colorsin VGA

IBM first introduced the VGA card in April 1987. VGA has 4 color planes — red, green,
blue and intensity, with one bit from each of these planes contributing towards 1 pixel
value.

There are lots of ways that you can write pixel on screen. You can write pixel on screen
by using one of the following methods:

Using video bios services to write pixel
Accessing memory and registers directly to write pixel on screen.
Using library functions to write pixel on screen

Practical approach towrite pixel on screen

As we have discussed three ways to write pixel on screen. Here we will discuss all these
ways practically and see how the pixel is displayed on screen. For that we will have to
write code in Assembly and C languages. So get ready with these languages

Writing pixel Using Video BIOS

The following steps are involved to write pixel using video BIOS services.
Setting desired video mode

Using bios service to set color of a screen pixel

Calling bios interrupt to execute the process of writing pixel.

Sour ce code

Below are the three lines written in assembly language that can set graphics mode
19(13h). You can use this for assembler or you can embed this code in C language using
‘asm’ keyword

45

© Copyright Virtual University of Pakistan



4-Point VU

MOV AH,0
MOV AL,13h ;;mode number from 0-19
INT 10H

To insert in C language above code will be inserted with key word asm and curly braces.
asm{

MOV AH,0

MOV AL,13h ;;mode number from 0-19

INT 10H

}

Description
Line #1: mov ah,0 is the service number for setting video mode that is in register ah
Line #2: mov al,13h is the mode number that is in register al
Line #3: int 10h is the video bios interrupt number that will set mode 13h

Sour ce code for writing pixel
The following code can be used to write pixel using video bios interrupt 10h and service
number Och.

MOV AH,0Ch

MOV AL,COLOR_NUM
MOV BH,0

MOV CX,ROW _NUM
MOV DX,COLUMN_NUM
INT 10h

Description

Line#1: service number in register Ah

Line#2: color value, since it is 13h mode so it has 0-255 colors range. You can assign any
color number from 0 to 255 to all register. Color will be selected from default palette
setting against the number you have used.

Line#3: page number in Bh register. This mode supports only one page. So 0 is used in
Bh register. 0 mean default page.

Line#4: column number will be used in CX register

Line#5: row number will be used in DX register

Line#6: BIOS interrupt number 10h

Writing pixel by accessing memory directly

So far we used BIOS to draw pixel. Here we will draw pixel by accessing direct pointer to
the video memory and write color value. The following steps are involved to write direct
pixel without using BIOS:

Set video mode by using video BIOS routine as discussed earlier

Set any pointer to the video graphics memory address 0x0A0000.
Now write any color value in the video memory addressing
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Direct Graphics Memory Access Code

Mov ax,0a000h
Mov ds,ax ;;segment address changed
Mov s1,10 ;; column number

Mov [si], COLOR NUM

Work to do:
Write pixel at 12th row and 15th column
Hint: use formula (row * 320 + column) in si register.

Writing character directly on screen
You can also write direct text by setting any text mode using BIOS service and then
setting direct pointer at text memory address 0x0b8000.

Example
Set mode Number 3. using BIOS service and then use this code to write character

Mov ax,0b8000h

Mov ds,ax

Mov s1,10 ;;column number
Mov [si],’a’ ;;character to write

Using Library functions

While working in C language, you can use graphics library functions to write pixel on
screen. These graphics library functions then use BIOS routines or use direct memory
access drivers to draw pixel on screen.

initgraph(&gdriver, &gmode, "");
/* read result of initialization */
errorcode = graphresult();

if (errorcode != grOk)

/* an error occurred */

printf("Graphics error: %s\n", getch()); exit(1);
/* return with error code */
H
/* draw a pixel on 10th row and 10 column */
putpixel(10, 10, BLUE);
/* clean up */
closegraph();

Stepsin C language

First call Initgraph() function

and then call putpixel() function to draw pixel on screen. It takes row, column and color
value as parameters.

after drawing pixel use closegraph() function to close the graphics routines provided by
built in driver by Borland.
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Discussion on pixel drawing methods

BIOS routines are standard routines built in VGA cards but these routines are very much
slow. You will use pixel to draw filled triangle, rectangles and circles and these all will be
much slower than direct memory access method. Direct memory access method allows
you to write pixel directly by passing the complex BIOS routines. It is easy and faster but
its programming is only convenient in mode 13h. Library functions are easier to use and
even faster because these are optimized and provided with special drivers by different
companies.

Drawing pixel in Microsoft Windows

So far we have been discussing writing pixel in DOS. Here we will discuss briefly how to
write pixel in Microsoft Windows. Microsoft windows are a complete graphical operating
system but it does not allow you to access BIOS or direct memory easily. It provides
library functions (APIs) that can be used to write graphics.

By working in graphics in windows one must have knowledge about Windows GDI
(graphics device interface) system.

Windows GDI functions

Here are some windows GDI functions that can be used to draw pixel e.g SetPixel and
SetPixelV. Both are used to draw pixel on screen. The example and source code of
writing pixel in windows will be available.

Window Code Example:

// a.cpp : Defines the entry point for the application.
/

#include "stdafx.h"
#include "resource.h"

#define MAX LOADSTRING 100

// Global Variables:
HINSTANCE hlinst; // current
instance
TCHAR szTitlelMAX LOADSTRING];
/I The title bar text
TCHAR szWindowClassfMAX LOADSTRING];
// The title bar text

// Foward declarations of functions included in this code module:

ATOM MyRegisterClass(HINSTANCE hlinstance);
BOOL InitInstance(HINSTANCE, int);

LRESULT CALLBACK WndProc(HWND, UINT, WPARAM, LPARAM);
LRESULT CALLBACK About(HWND, UINT, WPARAM, LPARAM);

int APIENTRY WinMain(HINSTANCE hlnstance,
HINSTANCE hPrevInstance,
LPSTR  IpCmdLine,
int  nCmdShow)
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{
// TODO: Place code here.
MSG msg;
HACCEL hAccelTable;
// Initialize global strings
LoadString(hInstance, IDS_APP_TITLE, szTitle, MAX_ LOADSTRING);
LoadString(hInstance, IDC_A, szZWindowClass, MAX LOADSTRING);
MyRegisterClass(hlnstance);
// Perform application initialization:
if (!InitInstance (hlnstance, nCmdShow))
{
return FALSE;
}
hAccelTable = LoadAccelerators(hInstance, (LPCTSTR)IDC_A);
// Main message loop:
while (GetMessage(&msg, NULL, 0, 0))
{
if (! TranslateAccelerator(msg.hwnd, hAccelTable, &msg))
{
TranslateMessage(&msg);
DispatchMessage(&msg);
}
b
return msg.wParam;
}
// FUNCTION: MyRegisterClass()
1
// PURPOSE: Registers the window class.
1
// COMMENTS:
//
/I This function and its usage is only necessary if you want this code
/I to be compatible with Win32 systems prior to the 'RegisterClassEx'
/I function that was added to Windows 95. It is important to call this function
/I so that the application will get 'well formed' small icons associated
/l with it.
/
ATOM MyRegisterClass(HINSTANCE hlnstance)
{
WNDCLASSEX wcex;
wcex.cbSize = sizeof( WNDCLASSEX);
wceex.style=CS HREDRAW | CS VREDRAW;
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weex IpfaWndProc = (WNDPROC)WndProc;

weex.cbCIsExtra =0;

weex.cbWndExtra =0;

wcex.hlnstance = hlnstance;

wceex.hlcon = LoadIcon(hInstance, (LPCTSTR)IDI_A);
weex.hCursor = LoadCursor(NULL, IDC_ARROW);

weex.hbrBackground = (HBRUSH)(COLOR WINDOW+1);
wceex.lpszMenuName = (LPCSTR)IDC _A;

weex.IpszClassName = szZWindowClass;

wcex.hlconSm = LoadIcon(wcex.hInstance, (LPCTSTR)IDI SMALL);

return RegisterClassEx(&wcex);

}

//

// FUNCTION: InitInstance(HANDLE, int)

x PURPOSE: Saves instance handle and creates main window

x COMMENTS:

x In this function, we save the instance handle in a global variable and
// create and display the main program window.

gOOL InitInstance(HINSTANCE hlnstance, int nCmdShow)

{ HWND hWnd;

b
/I

hinst = hlnstance; // Store instance handle in our global variable

hWnd = CreateWindow(szWindowClass, szTitle, WS _ OVERLAPPEDWINDOW,

if ("hWnd)

{
}

return FALSE;

ShowWindow(hWnd, nCmdShow);
UpdateWindow(hWnd);

return TRUE;

// FUNCTION: WndProc(HWND, unsigned, WORD, LONG)

//

// PURPOSE: Processes messages for the main window.

//

// WM_COMMAND - process the application menu

© Copyright Virtual University of Pakistan

CW_USEDEFAULT, 0, CW_USEDEFAULT, 0, NULL, NULL, hlnstance, NULL);
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/I WM_PAINT - Paint the main window
// WM_DESTROY - post a quit message and return
//
//
LRESULT CALLBACK WndProc(HWND hWnd, UINT message, WPARAM wParam,
LPARAM |Param)
{
int wmld, wmEvent;
PAINTSTRUCT ps;
HDC hdc;

TCHAR szHellofMAX LOADSTRINGT;
LoadString(hlnst, IDS HELLO, szHello, MAX LOADSTRING);

switch (message)

{

case WM COMMAND:

(DLGPROC)About);

|Param);

wmld = LOWORD(wParam);
wmEvent = HIWORD(wParam);
// Parse the menu selections:
switch (wmld)
{
case IDM_ABOUT:
DialogBox(hInst, (LPCTSTR)IDD ABOUTBOX, hWnd,

break;

case IDM_EXIT:

DestroyWindow(hWnd);

break;

default:

return  DefWindowProc(hWnd, message, wParam,

}
break;

case WM_PAINT:

{
hdc = BeginPaint(hWnd, &ps);
// TODO: Add any drawing code here...
RECT rt;
GetClientRect(hWnd, &rt);
int j=0;
//To draw some pixels of RED colour on the screen
for(int i=0;i<100;i++)
{
SetPixel(hdc,i+j,10,RGB(255,0,0));
j+=6;
b

EndPaint(hWnd, &ps);

}
break;
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case WM_DESTROY:

PostQuitMessage(0);
break;
default:
return DefWindowProc(hWnd, message, wParam, [Param);
J
return 0;

}
/I Mesage handler for about box.

LRESULT CALLBACK AbouttHWND hDIlg, UINT message, WPARAM wParam,
LPARAM |Param)

{
switch (message)
{
case WM_INITDIALOG:
return TRUE;
case WM_COMMAND:
if (LOWORD(wParam) == IDOK | LOWORD(wParam) ==
IDCANCEL)
{
EndDialog(hDIlg, LOWORD(wParam));
return TRUE;
}
break;
b
return FALSE;
h
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Lecture No.5 Line Drawing Techniques

Line

A line, or straight line, is, roughly speaking, an (infinitely) thin, (infinitely) long, straight
geometrical object, i.e. a curve that is long and straight. Given two points, in Euclidean
geometry, one can always find exactly one line that passes through the two points; this
line provides the shortest connection between the points and is called a straight line.
Three or more points that lie on the same line are called collinear. Two different lines can
intersect in at most one point; whereas two different planes can intersect in at most one
line. This intuitive concept of a line can be formalized in various ways.

A line may have three forms with respect to slope i.e. it may have slope = 1 as shown in
following figure (a), or may have slope < 1 as shown in figure (b) or it may have slope >
1 as shown in figure (c). Now if a line has slope = 1 it is very easy to draw the line by
simply starting form one point and go on incrementing the x and y coordinates till they
reach the second point. So that is a simple case but if slope < 1 or is > 1 then there will be
some problem.

mi=1 Ml =1

figure (a) figure (b) figure (c)

There are three techniques to be discussed to draw a line involving different time
complexities that will be discussed later. These techniques are:

= Incremental line algorithm
= DDA line algorithm
= Bresenham line algorithm

Incremental line algorithm

This algorithm exploits simple line equation y=mx + b
Where m = dy / dx

and b=y-mx

Now check if |m| < 1 then starting at the first point, simply increment x by 1 (unit
increment) till it reaches ending point; whereas calculate y point by the equation for each
x and conversely if |m[>1 then increment y by 1 till it reaches ending point; whereas
calculate x point corresponding to each y, by the equation.

Now before moving ahead let us discuss why these two cases are tested. First if |m| is less
than 1 then it means that for every subsequent pixel on the line there will be unit
increment in X direction and there will be less than 1 increment in y direction and vice
versa for slope greater than 1. Let us clarify this with the help of an example:
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Suppose a line has two points p1 (10, 10) and p2 (20, 18)

Now difference between y coordinates that isdy =y2 -yl =18 -10=8

Whereas difference between x coordinates is dx =x2 —x1 =20-10= 10

This means that there will be 10 pixels on the line in which for x-axis there will be
distance of 1 between each pixel and for y-axis the distance will be 0.8.

Consider the case of another line with points p1 (10, 10) and p2 (16, 20)
Now difference between y coordinates that isdy =y2 -yl =20-10=10
Whereas difference between x coordinates is dx =x2 —x1 =16—-10=6

This means that there will be 10 pixels on the line in which for x-axis there will be
distance of 0.6 between each pixel and for y-axis the distance will be 1.

Now having discussed this concept at length let us learns the algorithm to draw a line
using above technique, called incremental line algorithm:

Incremental_Line (Point pl, Point p2)
dx =p2.x—-plx
dy =p2.y —ply
m=dy /dx
x=pl.x
y=ply
b=y-m*x
if m| <1
for counter = p1.x to p2.x
drawPixel (x, y)
x=x+1
y=m®*x+b
else
for counter = pl.y to p2.y
drawPixel (x, y)
y=y+l
x=(y—-b)/m

Discussion on algorithm:

Well above algorithm is quite simple and easy but firstly it involves lot of mathematical
calculations that is for calculating coordinate using equation each time secondly it works
only in incremental direction.

We have another algorithm that works fine in all directions and involving less calculation
mostly only addition; which will be discussed in next topic.

Digital Differential Analyzer (DDA) Algorithm:

DDA abbreviated for digital differential analyzer has very simple technique. Find
difference dx and dy between x coordinates and y coordinates respectively ending points
of a line. If |dx| is greater than |dy|, than |dx| will be step and otherwise |dy| will be step.

if |dx|>|dy| then
step = |dx]
else
54

© Copyright Virtual University of Pakistan



5-Line Drawing Techniques

\48

step = |dy]

Now very simple to say that step is the total number of pixel required for a line. Next
step is to divide dx and dy by step to get xIncrement and yIncrement that is the increment

required in each step to find next pixel value.

xIncrement = dx/step
yIncrement = dy/step

Next a loop is required that will run step times. In the loop drawPixel and add xIncrement

in x1 by and yIncrement in yl1.

To sum-up all above in the algorithm, we will get,

DDA _Line (Point p1, Point p2)
dx=p2.x—-pl.x
dy =p2.y -pl.y
x1=pl.x
yl=pl.y
if |dx|>|dy| then
step = |dx]
else
step = [dyl|
xIncrement = dx/step
yIncrement = dy/step
for counter = 1 to step
drawPixel (x1, y1)
x1 =x1 + xIncrement
yl =yl + yIncrement

Criticism on Algorithm:

There is serious criticism on the algorithm that is use of floating point calculation. They
say that when we have to draw points that should have integers as coordinates then why
to use floating point calculation, which requires more space as well as they have more

computational cost.

Therefore there is need to develop an
algorithm which would be based on
integer type calculations. Therefore,
work is done and finally we will
come up with an algorithm
“Bresenham Line Drawing
algorithm” which will be discussed
next.

Bresenham'sLine Algorithm

Bresenham's algorithm finds the
closest integer coordinates to the

ek | yi+1)

i+ my g +h)

Beov ) DG,y
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actual line, using only integer math. Assuming that the slope is positive and less than 1,
moving 1 step in the x direction, y either stays the same, or increases by 1. A decision
function is required to resolve this choice.

If the current point is (x;, yi), the next point can be either (xi+1,y;) or (x;+1,yi+1) . The
actual position on the line is (x;+1, m(xj+1)+c) . Calculating the distance between the true
point, and the two alternative pixel positions available gives:

d; = y-Yi
= m * (x+1)+b-y;
d2 = yit 1- y

= yitl-m(xi+1)-b

Let us magically define a decision function p, to determine which distance is closer to the
true point. By taking the difference between the distances, the decision function will be
positive if d1 is larger, and negative otherwise. A positive scaling factor is added to
ensure that no division is necessary, and only integer math need be used.

pi = dx (di-d2)

pi = dx 2m * (x;+1) + 2b — 2y;-1)

pi = 2 dy (xj+1) =2 dx yi + dx (2b-1 ) ====-=-=-mmmmmmm- (1)
pi = 2dyxi—2dxyitk ---mmememmemeeeeee (i1)

where k=2 dy + dx (2b-1)

Then we can calculate pi+1 in terms of pi without any x; , yior k .

pi+1 = 2dy xis1 —2dxyi tk

Pi+1 = 2dy (xi+1)-2dxyi +k since Xi+1= x;+ 1
pit1 = 2dyx; +2dy-2dx yj +k --mmmemmmeem e (iii)
Now subtracting (ii) from (iii), we get

Pi+1-Pi = 2dy-2dx (yi+1-Yi)

pit1 = pi+2dy-2dx (yir1 - yi)

If the next point is: (xj+1,y;) then

di<d, => d;-d,<0
=> pitl=p; + 2dy

If the next point is: (x;+1,yi+1) then

di>d, = d;-d>0
=>  pitl=p+2dy-2dx

The p;j is our decision variable, and calculated using integer arithmetic from pre-computed
constants and its previous value. Now a question is remaining how to calculate initial
value of p;. For that use equation (i) and put values (X1, y1)

pi = 2dy (x;+1) -2 dxyi +dx (2b-1)
whereb=y-mx  implies that
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pi = 2dy x;2dy —2dxy; +dx (2 (y; —mx;) -1 )
pi = 2dy x;+2dy—2dxy; +2dxy; —2dy x; -dx
pi = +2dy—-2dxyi+2dxyl - dx

there are certain figures will cancel each other shown in same different colour

Pi = 2dy -dx
Thus Bresenham's line drawing algorithm is as follows:
dx = x7-x3
dy = ya-yi
p = 2dy-dx
cl = 2dy
c2 = 2(dy-dx)
X = X1
y =W
plot (x,y,colour)
while (x < x3)
X++;
if (p <0)
p=pt
else
p=pt C
y++

plot (x,y,colour)
Again, this algorithm can be easily generalized to other arrangements of the end points of
the line segment, and for different ranges of the slope of the line.

I mproving performance

Several techniques can be used to improve the performance of line-drawing procedures.
These are important because line drawing is one of the fundamental primitives used by
most of the other rendering applications. An improvement in the speed of line-drawing
will result in an overall improvement of most graphical applications.

Removing procedure calls using macros or inline code can produce improvements.
Unrolling loops also may produce longer pieces of code, but these may run faster.

The use of separate x and y coordinates can be discarded in favour of direct frame buffer
addressing. Most algorithms can be adapted to calculate only the initial frame buffer
address corresponding to the starting point and to replaced:

X4+ with Addr++
Y++ with Addr+=XResolution

Fixed point representation allows a method for performing calculations using only integer
arithmetic, but still obtaining the accuracy of floating point values. In fixed point, the
fraction part of a value is stored separately, in another integer:

M = Mint.Mfrac
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Mint = Int(M)
Mfrac = Frac(M)x MaxInt

Addition in fixed point representation occurs by adding fractional and integer components
separately, and only transferring any carry-over from the fractional result to the integer
result. The sequence could be implemented using the following two integer additions:
ADD Yfrac,Mfrac ; ADC Yint,Mint

Improved versions of these algorithms exist. For example the following variations exist
on Bresenham's original algorithm:

Symmetry (forward and backward simultaneously)
Segmentation (divide into smaller identical segments - GCD(D x,D y) )
Double step, triple step, n step.

Setting a Pixel

Initial Task: Turning on a pixel (loading the frame buffer/bit-map). Assume the simplest
case, i.e., an 8-bit, non-interlaced graphics system. Then each byte in the frame buffer
corresponds to a pixel in the output display.

Ym

0,0 Xm
To find the address of a particular pixel (X,Y) we use the following formula:
addr(X, Y) = addr(0,0) + Y rows * (Xm + 1) + X (all in bytes)
addr(X,Y) = the memory address of pixel (X,Y)
addr(0,0) = the memory address of the initial pixel (0,0)
Number of rows = number of raster lines.

Number of columns = number of pixels/raster line.

Example:
For a system with 640 x 480 pixel resolution, find the address of pixel X =340, Y =150

addr(340, 150) = addr(0,0) + 150 * 640 (bytes/row) + 340
= base + 96,340 is the byte location

Graphics system usually have a command such as set_pixel (x, y) where x, y are integers.
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Lecture No.6 Circle Drawing Techniques

Circle

A circle is the set of points in a plane that are equidistant from a

given point O. The distance r from the center is called the
radius, and the point O is called the center. Twice the radius is
known as the diameter @ = 27 . The angle a circle subtends ¢~
from its center is a full angle, equal to 360° or 2mradians.

A circle has the maximum possible area for a given perimeter,

and the minimum possible perimeter for a given area.
The perimeter C of a circle is called the circumference, and is given by

C=2nr

Circle Drawing Techniques

First of all for circle drawing we need to know what the input will be. Well the input will
be one center point (x, y) and radius r. Therefore, using these two inputs there are a
number of ways to draw a circle. They involve understanding level very simple to
complex and reversely time complexity inefficient to efficient. We see them one by one
giving comparative study.

Circledrawing using Cartesian coordinates
This technique uses the equation for a circle on radius r centered at (0, 0)
given as:

CHyr=r,

an obvious choice is to plot

y=2 K

Obviously in most of the cases the circle is not centered at (0, 0), rather there is a center
point (X, yc); other than (0, 0). Therefore the equation of the circle having center at point
(Xes Yo):

(- %)+ (y-ye) =1,
this implies that ,

YTYe: - ¥
Using above equation a circle can easily be drawn. The value of x varies from r-x, to r+x..

and y will be calculated using above formula. Using this technique a simple algorithm
will be:

Circlel (xcenter, ycenter, radius)
for x = radius - xcenter to radius + xcenter
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=X+t
y XC '2 _ ':'}{ _}{E \ll'.!
drawPixel (x, y)

Y=Xem P twon ¥
drawPixel (x, y)

This works, but is inefficient because of the
multiplications and square root operations. It
also creates large gaps in the circle for values of
x close to r as shown in the above figure.

Circledrawing using Polar coordinates

A Dbetter approach, to eliminate unequal spacing as shown in above figure is to calculate
points along the circular boundary using polar coordinates r and 6. Expressing the circle
equation in parametric polar form yields the pair of equations

X=X trcosH
y =Yy, +1sin0

Using above equation circle can be plotted by calculating x and y coordinates as 0 takes
values from 0 to 360 degrees or 0 to 2m. The step size chosen for 6 depends on the
application and the display device. Larger angular separations along the circumference
can be connected with straight-line segments to approximate the circular path. For a more
continuous boundary on a raster display, we can set the step size at 1/r. This plots pixel
positions that are approximately one unit apart.

Now let us see how this technique can be sum up in algorithmic form.

Circle2 (xcenter, ycenter, radius)
for 6 =0to 2m step 1/t
X=X, tr*cos0
y=yc.+r*sin _ O
drawPixel (x, y) Lo 3 :

Again this is very simple technique and also solves R J, bl
problem of unequal space but unfortunately this ' :
technique 1is still inefficient in terms of calculations . _
involves especially floating point calculations. IR

Calculations can be reduced by considering the symmetry of circles. The shape of circle
is similar in each quadrant. We can generate the circle section in the second quadrant of
the xy-plane by noting that the two circle sections are symmetric with respect to the y axis
and circle sections in the third an fourth quadrants can be obtained from sections in the
first and second quadrants by considering symmetry about the x axis. We can take this
one step further and note that there is also symmetry between octants. Circle sections in
adjacent octants within one quadrant are symmetric with respect to the 45° line dividing
the two octants. These symmetry conditions are illustrated in above figure.
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Therefore above algorithm can be optimized by using symmetric octants. Let’s see:

Circle2 (xcenter, ycenter, radius)
for@=0tomn/4step l/r

X=Xc,t+1%*cos0

y=y.+tr*sin9

DrawSymmetricPoints (xcenter, ycenter, X, y)

DrawSymmeticPoints (xcenter, ycenter, X, y)
Plot ( x + xcenter, y + ycenter )
Plot ( y + xcenter, x + ycenter )
Plot ( y + xcenter, -x + ycenter )
Plot ( x + xcenter, -y + ycenter )
Plot ( -x + xcenter, -y + ycenter)
Plot ( -y + xcenter, -x + ycenter)
Plot ( -y + xcenter, x + ycenter)
Plot ( -x + xcenter, y + ycenter)

Hence we have reduced half the calculations by considering symmetric octants of the
circle but as we discussed earlier inefficiency is still there and that is due to the use of
floating point calculations. In next algorithm we will try to remove this problem.

Midpoint circle Algorithm
As in the Bresenham line drawing algorithm we derive a decision parameter that helps us
to determine whether or not to increment in the y coordinate against increment of x
coordinate or vice versa for slope > 1. Similarly here we will try to derive decision
parameter which can give us closest pixel position.
Let us consider only the first octant of a circle of
radius r centred on the origin. We begin by plotting
point (r, 0) and end when x <y.

The decision at each step is whether to choose the
pixel directly above the current pixel or the pixel;
which is above and to the left (8-way stepping).

Assume: @,
< << <<
Pl = (Xla yl) IS the Current plxel. I A.A.A A.A.A.A.A A.A.A 2\

Ti=(xi, yi +1) is the pixel directly above
Si=(xi-1,yi+l) is the pixel above and to the left.

To apply the midpoint method, we define a circle function:
fCil’Cle(Xa Y) = X2 + y2 — I'2

Therefore following relations can be observed:
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<0, if(x,y) isinside the circle boundary
feirle (X, y)< =0, if(x,y) is on the circle boundary
>0, if(x,y) is outside the circle boundary

Yi !

The circle function tests given above are performed for the
midpoints between pixels near the circle path at each Y-l
sampling step. Thus, the circle function is the decision
parameter in the midpoint algorithm, and we can set up
incremental calculations for this function as we did in the
line algorithm. Xy X, +1

%2 FY Hr=0

Figure given above shows the midpoint between the two candidate pixels at sampling
position xx+1. Assuming we have just plotted the pixel at (xx, yx), we next need to
determine whether the pixel at position (xx + 1, yx), we next need to determine whether
the pixel at position (x,+1, yx) or the one at position (xxt1, yx-1) is closer to the circle.
Our decision parameter is the circle function evaluated at the midpoint between these two
pixels:

Pk:fcircle(xk+ 1, Yk'l/2)
Pe=(xct 1) 2+ (yi-%) 2 =17 (1)

If px < 0, this midpoint is inside the circle and the pixel on scan line yy is closer to the
circle boundary. Otherwise, the mid position is outside or on the circle boundary, and we
select the pixel on scan-line yj-1.

Successive decision parameters are obtained using incremental calculations. We obtain a
recursive expression for the next decision parameter by evaluating the circle function at
sampling position Xy = Xk+1+1=xx+1+1 = x4 +2:

P11 = fcircle ( Xkr1 + 1, yis1-72)
P =[ (Xt 1)+ 117+ (Yiri- %) = T2, (2)

Subtracting (1) from (2), we get
Pit - Pe= [ (3t 1) 1124 (Y= 4) P = 17— (it 1) - (- 5)

or
Pt =P+ 2(xc+ 1) + (Y- y) = (Vi - yi ) + 1

Where yi.1 is either yi or yi-1, depending on the sign of Py Therefore, if Py < 0 or negative
then yx+; will be yx and the formula to calculate Py:; will be:

Piii =P+ 2(xc+ 1) + (- y5%) —(yk-yx ) + 1
Pri1 =P+ 2(x¢+1)+1

Otherwise, if Py > 0 or positive then yi; will be yk-1and the formula to calculate Py will
be:

P = P+ 20x¢+ 1) + [y k-1 ¥ =(yie- -y ) +1
P =P+ 2(xct 1)+ (y -2yt -y ] =(ye-1-yx) + 1
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Py =P+ 2(x¢+1)-2y+1+1+1
P =P+ 2(xxt1)-2y+2+1
Pk+1=Pk+2(Xk+1)—2(yk—1)+1

Now a similar case that we observe in line algorithm is that how would starting Py be
evaluated. For this at the start pixel position will be ( 0, r ). Therefore, putting this value is
equation , we get
Po=(0+1)%+(r-%)>—r1?
Po=1+ ?or+ VY —r?
Po = 5/4—r
If radius r is specified as an integer, we can simply round py to:

P(): l-r

Since all increments are integer. Finally sum up all in the algorithm:

MidpointCircle (xcenter, ycenter, radius)

y=r

x =0;

p=1-1

do
DrawSymmetricPoints (xcenter, ycenter, X, y)
x=x+1
If p <0 Then

p=p+2*(x+1)+1
else
y=y-1
p=p+2*(x+1)-2*(y-1)+1
while (x < y)

Now let us consider an example to calculate first octant of the circle using above
algorithm; while one quarter is displayed where you can observe that exact circle is
passing between the points calculated in a raster circle.

Example: 1
xcenter=0 ycenter=0 radius=10

Y
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S
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L

L

01 234567 8 910
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—
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Lecture No.7 Ellipse and Other Curves

Ellipse

An ellipse is a curve that is the locus of all points in the plane the sum of whose distances
rl and 12 from two fixed points F1 and F2, (the foci)
separated by a distance of 2e is a given positive
constant 2a. This results in the two-center bipolar
coordinate equation:

SINE DL

rl +r2=2a

where a is the semi-major axis and the origin of the
coordinate system is at one of the foci. The
corresponding parameter b is known as the semi- |
minor axis.

- Za -

MAar axie

The ellipse was first studied by Menaechmus, investigated by Euclid, and named by
Apollonius. The focus and conic section
directrix of an ellipse were considered by
Pappus. In 1602, Kepler believed that the
orbit of Mars was oval; he later discovered
that it was an ellipse with the Sun at one
focus. In fact, Kepler introduced the word
"focus" and published his discovery in 1609.
In 1705 Halley showed that the comet now
named after him moved in an elliptical orbit around the Sun (MacTutor Archive). An
ellipse rotated about its minor axis gives an oblate spheroid, while an ellipse rotated about
its major axis gives a prolate spheroid.

Let an ellipse lie along the x-axis and find the equation of the figure given above where
F1 and F2 are at (-c, 0) and (c, 0). In Cartesian coordinates,

Vig+e)2 +92 +/(x —e)? + 32 = 2a.

Bring the second term to the right side and square both sides,
(z+ef +y°=4a° —dav/(z —e)2 + ¥ + (z —€)® +¢°.
Now solve for the square root term and simplify

V=

] r ¥ i ¥ ¥ b ¥ ¥
—l—r._r' +2rc 4" +y* —da” - 4+ 2rc— ¢ —y*)
£ 1/)

; 2 i«
——(dre —da") =a — —ur.
4a a

Square one final time to clear the remaining square root,
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.
. . Y .. =
2 =2re+c* + ¢ =a® - 2¢x + — T
i

Grouping the X terms then gives

3 ]
+y =a =i,

this can be written in the simple form

':u ¥
T ¥

7 7
[/ [/ el

Defining a new constant

2

=a —¢
puts the equation in the particularly simple form

2 2 )

a” b=

The parameter b is called the semi-minor axis by analogy with the parameter a, which is
called the semi-major axis (assuming b < a). The fact that b as defined at right is actually
the semi-minor axis is easily shown by letting r1 and r2 be equal. Then two right triangles
are produced, each with hypotenuse a, base ¢, and height b = a’ - ¢”. Since th§ largest
distance along the minor axis will be achieved at this point, b is indeed the semi-minor
axis.

If, instead of being centered at (0, 0), the center of the ellipse is at (X, yo), at right
equation becomes:

(x—x0)®  W—w)® _ )
a b '

Ellipse Drawing Techniques $

Now we already understand circle
drawing techniques. One way to
draw ellipse is to use the following . ¥
c
¥

equation:

{i" - Tu}z N {'H - H{I}H -1
at b )

L J

where xo may be replaced by x; in Ke

case of center other than origin and
same in case of y.

Another way is to use polar coordinates r and 0, for that we have parametric equations:
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X =X+ 15 cOS O
y=Yyct1y8n0

Four-way symmetry

Symmetric considerations can be had to
further reduce computations. An ellipse in
standard position is symmetric between
quadrants, but unlike a circle, it is not
symmetric between the two octants of a
quadrant. Thus, we must calculate pixel 2
positions along the elliptical arc throughout \

one quadrant, and then we obtain positions

in the remaining three quadrants by |
symmetry as shown in at right figure.

Midpoint ellipse algorithm

Consider an ellipse centered at the origin:

(z—20)*  (y—yo)® _

— — 1.
as b=

To apply the midpoint method, we define an ellipse function:

f eltipse (X, y) = ry2X2 + rX2y2 - rx2 ry2
Therefore following relations can be observed:

<0, if(x,y) isinside the circle boundary
f eltipse (X, Y =0, 1if(x,y)is on the circle boundary
>0, if(x,y) is outside the circle boundary

Now as you have some idea that ellipse is different
from circle. Therefore, a similar approach that is " Slope =
applied in circle can be applied here using some
different sampling direction as shown in the figure
at right. There are two regions separated in one
octant.

. . . . . . Sy Regien 1
Therefore, idea is that in region 1 sampling will be
at x direction; whereas y coordinate will be related B Region 2

to decision parameter. In region 2 sampling will be
at y direction; whereas x coordinate will be related
to decision parameter.

So consider first region 1. We will start at (0, r y); we take unit steps in the x direction
until we reach the boundary between region 1 and region 2. Then we switch to unit steps
in the y direction over the remainder of the curve in the first quadrant. At each step, we
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need to test the value of the slope of the curve. The ellipse slope is calculated from
following equation:

dy /dx=-2 ry2x2 /2 rxzy2

At the boundary region 1 and region 2, dy/ dx = -1

and
Yy — ! ry2x2 +r 2yt 1,2 ry2:0

2 rx2y2 = 2 ry2x2 Ty-1

Therefore, we move out of region 1 whenever

2 ryzx2 >=2 rxzy2 X X+

Figure at right shows the midpoint between the two candidate pixels at sampling position
xx + 1 in the first region. Assuming position (X, yx) has been selected at the previous
step; we determine the next position along the ellipse path by evaluating the decision
parameter at this midpoint:

Plk =f¢ellipse (xk + 1, yk = "2)

Fellipse (xk +1. Yk — /) = 2y (xk + D2+ 152 (yk =5 2 12 1y2 (1)
If px < 0, this midpoint is inside the ellipse and the pixel on scan line yy is closer to the
ellipse boundary. Otherwise, the mid position is outside or on the ellipse boundary, and
we select the pixel on scan-line yy-1.

Successive decision parameters are obtained using incremental calculations. We obtain a

recursive expression for the next decision parameter by evaluating the ellipse function at
sampling position x+1=x,+2:

fellipse (k1 +1, yier1 = %) = ry2 [(xc+ 1) + 112+ 12 (ykt1 — %) 2 — 12
ry2 —--(2)

Subtracting (1) from (2), and by simplification, we get
Pl 11 =Pl + 2192 (xc + 1) + 152 Ykt 12- yk2) - 1x2 (Vk+1 - Yk ) + 1y

Where yy+ is either yi or yi-1, depending on the sign of Py Therefore, if Py < 0 or negative
then yx+; will be yx and the formula to calculate Py;; will be:

Plict1 =Pl + 2192 (xic+ 1) + 152 (y k2~ yk?2) - 1x2 (yk - Yk ) + 1y2
Pit11 =Pl +21y2 (xjc+ 1) +1y2

Otherwise, if Py > 0 or positive then yi.; will be yk-1and the formula to calculate Py will
be:
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P11 =Pkl +21y2 (x + 1) + 25 ((vk—D? = yk? ) - 1x® (yk— 1 —yk ) + 192
Pl =Pli+21, (X + D +1° (=2y+1)-1,7(=1)+r1,°

Pl =Pli+ 21 (Xx+ 1) =21,y + 1 + 10 + 1,7

Pl =Pli+21, (x+ 1) =21 (yx—1)+r1,°

Now a similar case that we observe in line algorithm is from where starting Py will
evaluate. For this at the start pixel position will by ( 0, ry ). Therefore, putting this value is
equation , we get

Plo=1,(0+1)*+r (1, —%)> -1’1/}
Plo=17y + rxzry2 — rzxry + Y rx2 - rx2 Iy
Ply= r2y —rxzr gyt Va rx2
Similarly same procedure will be adapted for region 2 and decision parameter will be

calculated, here we are giving decision parameter and there derivation is left as an
exercise for the students.

Pk+12=PK2 -2 142 (yk+ 1)+ 12 ,
ifpg2>0

Pi+12 = P2 +21y2 (xic+ 1) = 2 152 yi + 12
otherwise

The initial parameter for region 2 will be calculated by following formula using the last
point calculated in region 1 as:

Pp2 = ry2 xot 2 )+ rX2 (yo-1 )2 — rxzry2
Since all increments are integer. Finally sum up all in the algorithm:

MidpointEllipse (xcenter, ycenter, r y, r y)

x =0
x =0
y=Tly
do
DrawSymmetricPoints (xcenter, ycenter, X, y)
P()1=ry2—rX2ry+%rX2 x=x+1
Ifplk <0

Pl+11 =Pl + 2192 (x)c+ 1) +1y2 else
P11 =Pl + 212 (x+ 1) =212 (yk- 1) +12y
y=y-1

P()2=ry2 (x0+1/2)+rX2(y0—1)2—rX2ry2 y=y-Il
Ifp2Kk>0
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Pk+12=Pr2-2 rX2 (yg+1)+ rX2 else
Pi+12=P2 + 2 1y2 (X + 1) = 2 152 yi + 12 x=x+1
while (2 ry2x2 >=21,2y2)

Other Curves

Various curve functions are useful in object modeling, animation path specifications,
data, function graphing, and other graphics applications. Commonly encountered curves
include conics, trigonometric and exponential functions, probability distributions, general
polynomials, and spline functions.

Displays of these curves can be generated with methods similar to those discussed for the
circle and ellipse. We can obtain positions along curve paths directly from explicit
representations y = f(x) or from parametric forms. Alternatively, we could apply the
incremental midpoint method to plot curves described with implicit functions f(x,y) = 0.

Conic Sections
A conic section is the intersection of a plane and a cone.

Circle Ellipse (h)Parabola (h)Hyperbola (h)
Fo+=a- L2
I Pl

=

=
[
|
[
[
|
(=]
=
[

1 0 1
Ellipse (v)Parabola (v)Hyperbola v)
Fb Fb—
T -
ot + o 2
1 |
1] a

The general equation for a conic section:
Ax*+Bxy+Cy’+Dx+Ey+F=0

The type of section can be found from the sign of: B>-4AC
If B* - 4AC is then the curve is a...

<0 ellipse, circle, point or no curve.

=0 parabola, 2 parallel lines, 1 line or no curve.

>0  hyperbola or 2 intersecting lines.

For any of the below with a center (j, k) instead of (0, 0), replace each x term with (x-j)
and each y term with (y-k).
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Circle Ellipse Parabola Hyperbola
Equation (horiz. | » 2 2 x> / 212 + y2 / b2 > 2, 2 2,12
+v° = = - =
vertex): Xty =r 4px =y x“/a" -y /b =1
Equations of
=+
Asymptotes: M (b/a)x
Equation (vert.| 2 . o, o Y /at+x /b 2 2,2 2,42
+ = = - =
vertex): Xty =t 7, 4py =X y /a -x" /b =1
Equations of
==
Asymptotes: x (b/a)y
a = major
radius (= 1/2
length  major a = 1/2 length
axis) p = distance major axis
. r = circleb = minor /from vertex tob = 1/2 Ilength
Variables: . . : .
radius radius (= 1/2 focus (or |minor axis
length  minor |directrix) ¢ = distance center
axis) to focus
¢ = distance
center to focus
Eccentricity: 0 c/a c/a
Relation to Focus: p=0 a’ - b>=c? p=p a’ +b>=c?
Definition:  is 'the distance to "o of distance to |difference between
locus of all points .. . |distances  to L .
: the origin is .~ focus = distance |distances to each
which  meet the each focus is . . -
i constant to directrix foci is constant
condition... constant
Hyperbola

We begin this section with the definition of a hyperbola. A hyperbola is the set of all
points (x, y) in the plane the difference of whose distances from two fixed points is some

constant. The two fixed points are called the foci.

Each hyperbola consists of two branches. The line
segment; which connects the two foci intersects the
hyperbola at two points, called the vertices. The line
segment; which ends at these vertices is called the
transverse axis and the midpoint of this line is
called the center of the hyperbola. See figure at right
for a sketch of a hyperbola with these pieces
identified.

Note that, as in the case of the ellipse, a hyperbola
can have a vertical or horizontal orientation.

We now turn our attention to the standard equation
of a hyperbola. We say that the standard equation of
a hyperbola centered at the origin is given by

-

7
7

\\\\ i

Focus

&
-

Center

Transverse
Axis

Vertex
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/s,
|

2| 8,

if the transverse axis is horizontal, or

v

LIER
Il
oy

if the transverse axis is vertical.

Notice a very important difference o,

in the notation of the equation of a x“\ 0o e
hyperbola compared to that of the . } « {
ellipse. We see that a always e .
corresponds to the positive term in - ~

the equation of the ellipse. The

relationship of a and b does not determine the orientation of the hyperbola. (Recall that
the size of a and b was used in the section on the ellipse to determine the orientation of
the ellipse.) In the case of the hyperbola, the variable in the '‘positive" term of the
equation determines the orientation of the hyperbola. Hence, if the variable x is in the
positive term of the equation, as it is in the equation

PR .
a2 B
then the hyperbola is oriented as follows: : T
.},-[” o)
If the variable y is in the positive term of the equation,
as it is in the equation A —a)
¢ _a :

then we see the following type of hyperbola:

Note that the vertices are always a units from the center of the hyperbola, and the distance
¢ of the foci from the center of the hyperbola can be determined using a, b, and the
following equality:

¥ = —a*
We will use this relationship often, so keep it in mind.

The next question you might ask is this: ““what happens to the equation if the center of
the hyperbola is not (0, 0)?" As in the case of the ellipse, if the center of the hyperbola is
(h, k), then the equation of the hyperbola becomes

(=AY _(y—kF _
a2 il

1

if the transverse axis is horizontal, or
71
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1=k _@=h) _

. 1
L el

if the transverse axis is vertical.

A few more terms should be mentioned here before we move to some examples. First, as
in the case of an ellipse, we say that the eccentricity of a hyperbola, denoted by e, is given

by

e=—
(13

or we say that the eccentricity of a hyperbola is given by the ratio of the distance between

the foci to the distance between the vertices. Now in the case of a hyperbola, the distance

between the foci is greater than the distance between the vertices. Hence, in the case of a

hyperbola,

e 1.

Recall that for the ellipse,

D<e<l.
Two final terms that we must . ¥ -
meqtion are asymptotes and the . “\K_ ) ey //
conjugate axis. The two N e ~Asymppore Py
branches of a hyperbola are \\ x‘“’-\x L f‘/
“pbounded by” two straight 1 N |
lines, known as asymptotes. / f,ff “‘M\ 1\ £
These asymptotes are easily / e R, ™,
drawn once one plots the ,/ /,/’ \"\\ \'\\
vertices and the points (h, k+b) A e
and (h, k-b) and draws the -~ o

rectangle which goes through these four points. The line segment joining (h, k+b) and (h,
k-b) is called the conjugate axis. The asymptotes then are simply the lines which go
through the corners of the rectangle.

But what are the actual equations of these asymptotes? Note that if the hyperbola is
oriented horizontally, then the corners of this rectangle have the following coordinates:

{h+ﬂ'1k+b}1{h‘_ﬂ'1k-b}1
and
(h=a.k+b).(h+ak—b)

Here I have paired these points in such a way that each asymptote goes through one pair
of the points. Consider the first pair of points:

{(h+ak+b).(h—ak->5)
Given two points, we can find the equation of the unique line going through the points

using the point--slope form of the line. First, let us determine the slope of our line. We
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find this as “‘change in y over change in x" or "'rise over run". In this case, we see that
this slope is equal to

2b
2a
or simply
b
=
Then, we also know that the line goes through the center (h, k). Hence, by the point--

slope form of a line, we know that the equation of this asymptote is

b
y—k=—{z-h

or
b

The other asymptote in this case has a negative slope; which is given by

b

i)

Using the same argument, we see that this asymptote has equation
b
What if the hyperbola is vertically oriented? Then one of the asymptote will go through
the “corners” of the rectangle given by
{h+b1k+a‘}1 {h_bk -ﬂ'}'

Then the slope in this case will not be b/a but will be a/b. Hence, analogous to the work
we just performed, we can show that the asymptotes of a vertically oriented hyperbola are
determined by

y=k+ {z—h)
and

i3

Parabola

A parabola is the set of all points (x, y) that are
the same distance from a fixed line (called the
directrix) and a fixed point (focus) not on the ) vl
directrix. See figure for the view of a parabola

and its related focus and directrix.

Ddireckrix
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Note that the graph of a parabola is similar to one branch of a hyperbola. However, you
should realize that a parabola is not simply one branch of a hyperbola. Indeed, the
branches of a hyperbola approach linear asymptotes, while a parabola does not do so.

Several other terms exist which are associated with a
parabola. The midpoint between the focus and
directrix of the parabola is called the vertex and the
line passing through the focus and vertex is called
the axis of the parabola. (This is similar to the major
axis of the ellipse and the transverse axis of the

hyperbola.) See figure at right.

Now let's move to the standard algebraic equations
for parabolas and note the four types of parabolas
that exist. As we discuss the four types, you should

|

notice the differences in the equations that are related to each of the four parabolas.

The standard form of the equation of the
parabola with vertex at (0, 0) with the focus
lying d units from the vertex is given by

= 4dy
if the axis is vertical and
v = 4dz

if the axis is horizontal. See figure below for an
example with vertical axis and figure below for
an example with horizontal axis.

—r

e

Note here that we have assumed that

d >0

\
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It is also the case that d could be negative, which flips the orientation of the parabola.
(See Figures)

Thus, we see that there are four different orientations of parabolas, which depend on a)
which variable is squared (X or y) and b) whether d is positive or negative.

One last comment before going to some —~—
examples; if the vertex of the parabola is at

(h, k), then the equation of the parabola does

change slightly. The equation of a parabola with

vertex at (h, k) is given by

—

(z—h)" = 4d(y - k)

if the axis is vertical and

{y—kY =4d{z — R} -

Rotation of Axes

Note that in the sections at right dealing with the ellipse, hyperbola, and the parabola, the
algebraic equations that appeared did not contain a term of the form xy. However, in our
“Algebraic View of the Conic Sections," we stated that every conic section is of the form

A+ Bay+ Cy' + Dz +Ey+ F =1

where A, B, C, D, E, and F are constants. In
essence, all of the equations that we have studied
have had B=0. So the question arises: " what
role, if any, does the Xy term play in conic A
sections? If it were present, how would that ¥ _L 5 i
change the geometric figure?" I

.'

l

]

‘r

i

First of all, the answer is NOT that the conic
changes from one type to another. That is to say,
if we introduce a Xy term, the conic does NOT
change from an ellipse to a hyperbola. If we start
with the standard equation of an ellipse and
insert an extra term, a Xy term, we still have an
ellipse.

So what does the Xy term do? The Xy term

actually rotates the graph in the plane. For example, in the case of an ellipse, the major
axis is no longer parallel to the X-axis or y-axis. Rather, depending on the constant in
front of the Xy term, we now have the major axis rotated.

Animated Applications

Ellipses, hyperbolas, and parabolas are particularly useful in certain animation
applications. These curves describe orbital and other motions for objects subjected to
gravitational, electromagnetic, or nuclear forces. Planetary orbits in the solar system, for

75

© Copyright Virtual University of Pakistan



7-Ellipse and Other Curves \48)

example, are ellipses; and an object projected into a uniform gravitational field travels
along a parabolic trajectory.

Figure at right shows a parabolic path in standard position for gravitational field acting in
the negative y direction. The explicit equation for the parabolic trajectory of the ot ~~*
shown can be written as:

y=yo+a(x-xo)2+b(x-x0)

With constants a and b determined by the initial velocity vy of the object and the
acceleration g due to the uniform gravitational force. We can also describe such parabolic
motions with parametric equations using a time parameter t, measured in seconds from
the initial projection point:

X= Xot vyt
y=yo+vyot—1/zgt2

Here vy and vy are the initial velocity components, and the value of g near the surface of
the earth is approximately 980 cm/ sec2. Object positions along the parabolic path are
then calculated at selected time steps.

Somerelated real world applications are given below.

Par abolic Reflectors

One of the "'real--world" applications
of parabolas involves the concept of a
3-dimensional parabolic reflector in
which a parabola is revolved about its
axis (the line segment joining the
vertex and focus). The shape of car
headlights, mirrors in reflecting
telescopes, and television and radio
antennae (such as the one at right) all
utilize this property.

In terms of a car headlight, this
property is used to reflect the light

rays emanating from the focus of the parabola
(where the actual light bulb is located) in parallel
rays.

This property is used in a converse fashion when
one considers parabolic antennae. Here, all
incoming rays parallel to the axis of the parabola
are reflected through the focus.

Elliptical Orbits

At one time, it was thought that the planets in our
solar system revolve around the sun in a circular
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orbit. It was later discovered, however, that the orbits are not circular, but were actually
very round elliptical shapes. (Recall the discussion of the eccentricity of an ellipse
mentioned at right.) The eccentricity of the orbit of the Earth around the sun is
approximately 0.0167, a fairly small number. Pluto's orbit has the highest eccentricity of
all the planets in our solar system at 0.2481. Still, this is not a very large value.

As a matter of fact, the sun acts as one of the foci in the ellipse. This phenomenon was
first noted by Apollonius in the second century B.C. Kepler later studied this in a more
rigorous fashion and developed the scientific view of planetary motion.

Whispering Galleries

In rooms whose ceilings are elliptical, a sound made at one focus of the ellipse will be
reflected to the other focus (across the room), allowing people standing at the two foci to
hear one another very clearly. This has been called the “whispering gallery" effect and
has been used by many in the design of special rooms. In particular, St. Paul's Cathedral
and one of the rooms at the United States Capitol were built with this in mind.

Polynomials and Spline Curves
A polynomial function of nth degree in x is defined as
n
y = E arx"®
k=0
At N D SR B S — +an x T Hanx

Where n is a nonnegative integer and the a x are constants, with a , not equal to 0. We get
a quadratic when n = 2; a cubic polynomial when n = 3; a quadratic when n = 4; and so
forth. And obviously a straight line when n = 1. Polynomials are useful in a number of
graphics applications, including the design of object shapes, the specifications of
animation paths, and the graphing of data trends in a discrete set of data points.

Designing object shapes or motion paths is typically done by specifying a few points to
define the general curve contour, then fitting the selected points with a polynomial. One
way to accomplish the curve fitting is to construct a cubic polynomial curve section
between each pair of specified points. Each curve section is then described in parametric
form as

X=aytagutapu’+agusl

y=ag+ta,utapu’+tasul
Where parameter u varies over the interval 0 tol. A curve is shown below calculated
using at right equations.

Continuous curves that are formed with polynomial pieces are called spline curves, or
simply splines. Spline is a detailed topic; which will be discussed later in 3 dimensions.
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LectureNo.8 Filled-Area Primitives-|

So far we have covered some output primitives that is drawing primitives like point, line,
circle, ellipse and some other variations of curves. Also we can draw certain other shapes
with the combinations of lines like triangle, rectangle, square and other polygons (we will
have some discussion on polygons coming ahead). Also we can draw some shapes using
mixture of lines and curves or circles etc. So we are able to draw outline/ sketch of
certain models but need is there to make a solid model.

Therefore, in this section we will see what are filled area primitives and what are the
different issues related to them. There are two basic approaches to area filling on raster
systems. One way is to draw straight lines between the edges of polygon called scan-line
polygon filling. As said earlier there are several issues related to scan line polygon,
which we will discuss in detail. Second way is to start from an interior point and paint
outward from this point till we reach the boundary called boundary-fill. A slight
variation of this technique is used to fill an area specified by cluster (having no specific
boundary). The technique is called flood-fill and having almost same strategy that is to
start from an interior point and start painting outward from this point till the end of
cluster.

Now having an idea we will try to see each of these one by one, starting from scan-line
polygon filling.

8.1Scan-line Polygon Fill

Before we actually start discussion on scan-line polygon filling technique, it is useful to
discuss what is polygon? Besides polygon definition we will discuss the following topics
one by one to have a good understanding of the concept and its implementation.

= Polygon Definition
= Filled vs. Unfilled Polygons
= Parity Definition
* Scan-Line Polygon Fill Algorithm
= Special Cases Handled By the Fill
= Polygon Fill Example

a) Polygon

A polygon can be defined as a shape that is formed by line segments that are placed end
to end, creating a continuous closed path. Polygons can be divided into three basic types:

convex, concave, and complex.

I. Convex polygons are the simplest type of polygon to fill. To determine
whether or not a polygon is convex, ask the following question:

Does a straight line connecting ANY two points that are inside the polygon intersect any
edges of the polygon?
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If the answer is no, the polygon is convex. This means that for any scan-line, the scan-
line will cross at most two polygon edges (not counting any horizontal edges). Convex
polygon edges also do not intersect each other.

II. Concave polygons are a superset of convex polygons, having fewer
restrictions than convex polygons. The line connecting any two points
that lie inside the polygon may intersect more than two edges of the
polygon. Thus, more than two edges may intersect any scan line that
passes through the polygon. The polygon edges may also touch each
other, but they may not cross one another.

/\

Complex polygons are just what their name suggests: complex. Complex polygons are
basically concave polygons that may have self-intersecting edges. The complexity arises
from distinguishing which side is inside the polygon when filling it.

A

V

Difference between Filled and Unfilled Polygon

When an unfilled polygon is rendered, only the points on the perimeter of the polygon are
drawn. Examples of unfilled polygons are shown in the next page.
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However, when a polygon is filled, the interior of the polygon must be considered. All of
the pixels within the boundaries of the polygon must be set to the specified color or
pattern. Here, we deal only with solid colors. The following figure shows the difference
between filled and unfilled polygons.

UNFILLED POLYGON FILLED POLYGOMN

In order to determine which pixels are inside the polygon, the odd-parity rule is used
within the scan-line polygon fill algorithm. This is discussed next.

b) Parity

What is parity? Parity is a concept used to determine which pixels lie within a polygon,
i.e. which pixels should be filled for a given polygon.

The Underlying Principle: Conceptually, the odd parity test entails drawing a line
segment from any point that lies outside the polygon to a point P, that we wish to
determine whether it is inside or outside of the polygon. Count the number of edges that
the line crosses. If the number of polygon edges crossed is odd, then P lies within the
polygon. Similarly, if the number of edges is even, then P lies outside of the polygon.
There are special ways of counting the edges when the line crosses a vertex. This will be
discussed in the algorithm section. Examples of counting parity can be seen in the
following demonstration.

Using the Odd Parity Test in the Polygon Fill Algorithm

The odd parity method creates a problem: How do we determine whether a pixel lies
outside of the polygon to test for an inside one, if we cannot determine whether one lies
within or outside of the polygon in the first place? If we assume our polygon lies entirely
within our scene, then the edge of our drawing surface lies outside of the polygon.
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Furthermore, it would not be very efficient to check each point on our drawing surface to
see if it lies within the polygon and, therefore, needs to be colored.

So, we can take advantage of the fact that for each scan-line we begin with even parity;
we have NOT crossed any polygon edges yet. Then as we go from left to right across our
scan line, we will continue to have even parity (i.e., will not use the fill color) until we
cross the first polygon edge. Now our parity has changed to odd and we will start using
the fill color.

How long will we continue to use the fill color? Well, our parity won't change until we
cross the next edge. Therefore, we want to color all of the pixels from when we crossed
the first edge until we cross the next one. Then the parity will become even again.

So, you can see if we have a sorted list of x-intersections of all of the polygon edges with
the scan line, we can simply draw from the first x to the second, the third to the forth and
SO on.

c) Polygon Filling
In order to fill a polygon, we do not want to have to determine the type of polygon that
we are filling. The easiest way to avoid this situation is to use an algorithm that works for
all three types of polygons. Since both convex and concave polygons are subsets of the
complex type, using an algorithm that will work for complex polygon filling should be
sufficient for all three types. The scan-line polygon fill algorithm, which employs the
odd/even parity concept previously discussed, works for complex polygon filling.

Reminder: The basic concept of the scan-line algorithm is to draw points from edges of
odd parity to even parity on each scan-line.

d) What is a scan-line?

A scan-line is a line of constant y value, i.e., y=c, where c lies within our drawing region,
e.g., the window on our computer screen.

The scan-line algorithm is outlined next.

8.2Algorithm

When filling a polygon, you will most likely just have a set of vertices, indicating the x
and y Cartesian coordinates of each vertex of the polygon. The following steps should be
taken to turn your set of vertices into a filled polygon.

1. Initializing All of the Edges:

The first thing that needs to be done is determine how the polygon's vertices are related.
The all_edges table will hold this information.
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Each adjacent set of vertices (the first and second, second and third, similarly last and
first) defines an edge. In above figure vertices are shown by small lines and edges are
numbered from 1 to 9 each between successive vertices.

For each edge, the following information needs to be kept in a table:

1. The minimum y value of the two vertices 2 N3 7
2. The maximum y value of the two vertices
3. The x value associated with the minimum y value. 1 3
4. The slope of the edge

a

The slope of the edge can be calculated from the formula for a line:

y=mx + b;

where m = slope, b = y-intercept,

yo = maximum y value,

y1 = minimum y value,

Xo = maximum x value,

X1 = minimum x value The formula for the slope is as follows:

m=(yo - y1)/ (Xo - X1).

For example, the edge values may be kept as follows, where N is equal to the total

number of edges - 1 (starting from 0) and each index into the all edges array contains a
pointer to the array of edge values.

Index Y-min | Y-max | X-val 1/m
0 — > 10 16 10 0
1 —> 16 20 10 1.5
N — > 10 16 28 0

Table: All_edges
2. Initializing the Global Edge Table:
The global edge table will be used to keep track of the edges that are still needed to
complete the polygon. Since we will fill the edges from bottom to top and left to right. To

do this, the global edge table should be inserted with increasing “minimum y” and ”x”
values. Edges with the same y values are sorted on the basis of larger x values as follows:

85

© Copyright Virtual University of Pakistan



8 - Filled-Area Primitives-1 VU

Place the first edge with a slope that is not equal to zero in the global edge table.

. If the slope of the edge is zero, do not add that edge to the global edge table.

3. For every other edge, start at index 0 and increase the index of the global edge table
once each time the current edge's “minimum y” value is greater than that of the edge
at the current index in the global edge table.

N —

Next, Increase the index to the global edge table once each time the current edge's x value
is greater than and the “minimum y value is greater than or equal to that of the edge at the
current index in the global edge table.

If the index, at any time, is equal to the number of edges currently in the global edge
table, do not increase the index.

Place the edge information for minimum y value, maximum y value, x value, and 1/m in
the global edge table at the index.

The global edge table should now contain all of the edge information necessary to fill the
polygon in order of increasing minimum y and x values.

Index — Y-min | Y-max | X-val 1/m
0 10 16 10 0
1 10 16 28 0
N 16 20 10 1.5

Global Edge Table
3. Initializing Parity
The initial parity is even since no edges have been crossed yet.
4. Initializing the Scan-Line
The initial scan-line is equal to the lowest y value for all of the global edges. Since the
global edge table is sorted, the scan-line is the minimum y value of the first entry in this
table.
5. Initializing the Active Edge Table
The active edge table will be used to keep track of the edges that are intersected by the

current scan-line. This should also contain ordered edges. This is initially set up as
follows:
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Since the global edge table is ordered on increasing minimum y and x values, search, in
order, through the global edge table and, for each edge found having a minimum y value
equal to the current scan-line, append the edge information for the maximum y value, x
value, and 1/m to the active edge table. Do this until an edge is found with a minimum y
value greater than the scan line value. The active edge table will now contain ordered
edges of those edges that are being filled as such:

I ndex Y-max | X-val /m
0 —_—> 16 10 0
1 — 16 28 0
N — | 20 10 1.5

Active Edge Table

6. Fillingthe Polygon

Filling the polygon involves deciding whether or not to draw pixels, adding to and
removing edges from the active edge table, and updating x values for the next scan-line.

Starting with the initial scan-line, until the active edge table is empty, do the following:

1. Draw all pixels from the x value of odd to the x value of even parity edge pairs.

2. Increase the scan-line by 1.

3. Remove any edges from the active edge table for which the maximum y value is
equal to the scan line.

4. Update the x value for each edge in the active edge table using the formula x; = xo +
I/m. (This is based on the line formula and the fact that the next scan-line equals the
old scan-line plus one.)

5. Remove any edges from the global edge table for which the minimum y value is
equal to the scan-line and place them in the active edge table.

6. Reorder the edges in the active edge table according to increasing x value. This is
done in case edges have crossed.

Special Cases
There are some special cases, the scan-line polygon fill algorithm covers these cases, but
you may not understand how or why. The following will explain the handling of special

cases to the algorithm.

1. Horizontal Edges:
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Here we follow the minimum y value rule during scan-line polygon fill. If the edge is at
the minimum y value for all edges, it is drawn. Otherwise, if the edge is at the maximum
y value for any edge, we do not draw it. (See the next section containing information
about top vs. bottom edges.)

This is easily done in the scan-line polygon fill implementation. Horizontal edges are
removed from the edge table completely.

Question arises that how are horizontal lines are filled then? Since each horizontal line
meets exactly two other edge end-points on the scan-line, the algorithm will allow a fill
of the pixels between those two end-point vertices when filling on the scan-line which the
horizontal line is on, if it meets the top vs. bottom edge criteria.

As can be seen above, if we start with a polygon with horizontal edges, we can remove
the horizontal edges from the global edge table. The two endpoints of the edge will still
exist and a line will be drawn between the lower edges following the scan-line polygon
fill algorithm. (The blue arrowed line is indicating the scan-line for the bottom horizontal
edge.)

2. Bottom and Left Edgesvs. Top and Right Edges:

If polygons, having at least one overlapping edge the other, were filled completely from
edge to edge, these polygons would appear to overlap and/or be distorted. This would be
especially noticeable for polygons in which edges have limited space between them.

In order to correct for this phenomenon, our algorithm does not allow fills of the right or
top edges of polygons. This distortion problem could also be corrected by not drawing
either the left or right edges and not drawing either the top or bottom edges of the
polygon. Either way, a consistent method should be used with all polygons. If some
polygons are filled with the left and bottom edges and others with the bottom and right
edges, this problem will still occur.
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As can be seen above, if we remove the right and top edges from both polygons, the
polygons no longer appear to be different shapes. For polygons with more overlap
than just one edge, the polygons will still appear to overlap as was meant to happen.

3. How do we deal with two edges meeting at a vertex when counting parity? This is a
scenario which needs to be accounted for in one of the following ways:

7

I.

When dealing with two edges; which meet at a vertex and for both edges the vertex is the
minimum point, the pixel is drawn and is counted twice for parity.

Essentially, the following occurs. In the scan-line polygon fill algorithm, the vertex is
drawn for the first edge, since it is a minimum value for that edge, but not for the second
edge, since it is a right edge and right edges are not drawn in the scan-line fill algorithm.
The parity is increased once for the first edge and again for the second edge.

+E
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When dealing with two edges; which meet at a vertex and for both edges the vertex is the
maximum point, the pixel is not drawn and is counted twice for parity.

Basically, this occurs because the vertex is not drawn for the first edge, since it is a
maximum point for that edge, and parity is increased. The vertex is then not drawn for the
second edge, since it is a right edge, and parity is The point should not be drawn since
maximum y values for edges are not drawn in the scan-line polygon fill implementation.

When dealing with two edges; which meet at a vertex and for one edge the vertex is the
maximum point and for the other edge the vertex is the minimum point, we must also

consider whether the edges are left or right edges. Two edges meeting in such a way can
be thought of as one edge; which is "bent".

7

- - -- scan-line

+X

If the edges are on the left side of the polygon, the pixel is drawn and is counted once
for parity purposes. This is due to the fact that left edges are drawn in the scan-line
polygon fill implementation. The vertex is drawn just once for the edge; which has this
vertex as its minimum point. Parity is incremented just once for this "bent edge".

¥

- - scan-line

+XE

4,

If both edges are on the right, the pixel is not drawn and is counted just once for
parity purposes. This is due to the fact that right edges are not drawn in the scan-line
polygon fill implementation.

8.3A Simple Example

90

© Copyright Virtual University of Pakistan



8 - Filled-Area Primitives-1 VU

Just to reiterate the algorithm, the L
. . . crelermd eertices
following simple example of scan-line _
polygon filling will be outlined. Initially, G EL Lo
each vertices of the polygon is given in the i '
form of (x,y) and is in an ordered array as L (1 L&)
such: s IS TAE D
30 (2w L
a3, 16
5 220

Unfilled, the polygon would look like this to the human eye:

(16, 20)

(10, 16) (28, 16)

(10, 101 (22,101 (28, 10

We will now walk through the steps of the algorithm to fill in the polygon.

1. Initializing All of the Edges.
We want to determine the minimum y value, maximum y value, x value, and 1/m for
each edge and keep them in the all edges table. We determine these values for the first
edge as follows:

Y-min:

Since the first edge consists of the first and second vertex in the array, we
use the y values of those vertices to choose the lesser y value. In this case it is 10.

Y-max:
In the first edge, the greatest y value is 16.

X-val:
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Since the x value associated with the vertex with the minimum y value is

10, 10 is the x value for this edge.

1/m:

Using the given formula, we get (10-10)/(16-10) for 1/m.

The edge value results are in the form of Y- ol o<l
min, Y-max, X-val, Slope for each edge . S
array pointed to in the all_edges table. As a o @ fw oW
result of calculating all edge values, we get 1 - | ;21 W 13
the following in the all _edges table. e
- . -| LN A Gk .3
- - | w1 2
1 W - | I 10 . i .
s @ - |wowowow
- M T
= =z & -
r

2. Initializing the Global Edge Table:

We want to place all the edges in the global edge table in increasing y and x values, as

long as slope is not equal to zero.

For the first edge, the slope is not
zero so it is placed in the global

global

edge table at index=0.

o| @ 10 [16 [ 10

T J
Keni- &
[ea=-X

w1
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For the second edge, the slope is not zero
and the minimum y value is greater than global
that at zero, so it is placed in the global
edge table at index=1. @ 10 |16 |10 | O
@ 16 |20 [ 10 | 15
T T
| | ) =
]
= R
For the third edge, the slope is not zero and
the minimum y value is equal the edge's at global
index zero and the x value is greater than
that at index 0, so the index is increased to & 10 (16 (10 | O
1. Since the third edge has a lesser
minimum y value than the edge at index 2 & 10 (20 | 28 |-1.2
of the global edge table, the index for the
third edge is not increased againg. The ® 16 120 | 10 | 1.5
third edge is placed in the global edge table
at index=1. '-Id '-I'< ::IK‘, g
t 2oz
= ba

We continue this process until we have the following:

el
. fw e w0
1i-|1u:m:zz:;|
,:I-|1';:1{>:E-!:1:L'-|
- | I 20 25 3|
1 - | 1f R

1
EEVa
[MA="
L=

Notice that the global edge table has only five edges and the all edges table has

six. This is due to the fact that the last edge has a slope of zero and, therefore, is not

placed in the global edge table.
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3. Initializing Parity

Parity is initially set to even.

4. Initializing the Scan-Line

Since the lowest y value in the global edge table is 10, we can safely choose 10 as
our initial scan-line.

5. Initializing the Active Edge Table

Since our scan-line value is 10, we choose all edges which have a minimum y
value of 10 to move to our active edge table. This results in the following.

6. Filling the Polygon

actise elobal

& - 16 1lib 0 i .|=| 1:’:|2[]|1[]|1-5|
& 15 22 1 LI~
& - 16 K 0 = T
&% - 20 25 12

— o =

EREE

FE il

Starting at the point (0,10), which is on our scan-line and outside of the polygon, will
want to decide which points to draw for each scan-line.

1.

Scan-line = 10:

Once the first edge is encountered at x=10, parity = odd. All points are
drawn from this point until the next edge is encountered at x=22. Parity is
then changed to even. The next edge is reached at x=28, and the point is
drawn once on this scan-line due to the special parity case. We are now

done with this scan-line.

First, we update the x values in the active edge table using the formula x,

=Xo *+ 1/m to get the following:
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i E T vt

K JERCE RN o @ - - 16 20 11 15
1| @ [~ 16 |25 ] 1 |3 ; A
= 8 &
2| 6 | 2% | O = &
3| @ | - 20 |26 12
T
i LOE

The edges then need to be reordered since the edge at index 3 of the active edge table has
a lesser x value than that of the edge at index 2. Upon reordering, we get:

L bl
rp| W | - W ] 0|0 m @ - G 2 10 Ly
1| @ | | & | 23 1 -I"d :.'..: .j-:: =
= E £
AR AR BRI R E = K
| o | <f 16| FE D
A=
= o5 0
::q_-; —_—

The polygon is now filled as follows:

20

15

10 | |

2. Scan-line=11:
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LN

]

Once the first edge is encountered at x=10, parity = odd. All points are
drawn from this point until the next edge is encountered at x=23. Parity is
then changed to even. The next edge is reached at x=27 and parity is
changed to odd. The points are then drawn until the next edge is reached at
x=28. We are now done with this scan-line.

Upon updating the x values, the edge tables are as follows:

TR R 1l lmal

& - 16 1 0 .;;.| - | |16 | 2o | 10| 15|
- - lo 23 1 A wr
& - M Ame 13 = = :
® -1 25 D

-

E,

It can be seen that no reordering of edges is needed at this time.

The polygon is now filled as follows:

20

15

10 - mEmmEm"

Scan-line = 12:

Once the first edge is encountered at x=10, parity = odd. All points are
drawn from this point until the next edge is encountered at x=24. Parity is
then changed to even. The next edge is reached at x=26 and parity is
changed to odd. The points are then drawn until the next edge is reached at
x=28. We are now done with this scan-line.

Updating the x values in the active edge table gives us:
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We can see that the active edges need to be reordered since the x value of 24.4 at index 2
is less than the x value of 25 at index 1. Reording produces the following:

i

3

HERR|
A T T
- - 2 Fda
R T
A T
Ta
e E
E.

111

b
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T ¢;|-|-| 16 | 2u
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The polygon is now filled as follows:

20

15

10

4. Scan-line =

13:

1o |

!
=

Once the first edge is encountered at x=10, parity = odd. All points are drawn from this
point until the next edge is encountered at x=25 Parity is then changed to even. The next
edge is reached at x=25 and parity is changed to odd. The points are then drawn until the

next edge is reached at x=28. We are now done with this scan-line.
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Upon updating the x values for the active edge table, we can see that the
edges do not need to be reordered.

AT PR vloaleal
S P U T r__1|.-.|.|1r.|;1'.|||1|||1*~.1|
| & - - I 332 13 -om e
. - ] =7 ﬂ
= = i
2 4 = L g 1 = =

X

W

Pl

The polygon is now filled as follows:

20

10 m

5. Scan-line = 14:

Once the first edge is encountered at x=10, parity = odd. All points are drawn from this
point until the next edge is encountered at x=24. Parity is then changed to even. The next
edge is reached at x=26 and parity is changed to odd. The points are then drawn until the
next edge is reached at x=28. We are now done with this scan-line.

Upon updating the x values for the active edge table, we can see that the
edges still do not need to be reordered.
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The polygon is now filled as follows:

20

15

10 m

6. Scan-line = 15:

Once the first edge is encountered at x=10, parity = odd. All points are drawn from this
point until the next edge is encountered at x=22. Parity is then changed to even. The next
edge is reached at x=27 and parity is changed to odd. The points are then drawn until the
next edge is reached at x=28. We are now done with this scan-line.

Since the maximum y value is equal to the next scan-line for the edges at indices 0, 2, and
3, we remove them from the active edge table. This leaves us with the following:
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active global

< x5 < o< ox o
53 = B 3
5 = 2
We then need to update the x values for all remaining edges.
active global
0| @ 20 |1208|-1.2 0| @ 16 |20 | 10 | 15
< x5 < ¢ % o5
2 3 s B =
% = 5 % 7

Now we can add the last edge from the global edge table to the active edge table since its

minimum y value is equal to the next scan-line. The active edge table now look as
follows (the global edge table is now empty):

i L

ol @ | A 20 [208] 12

I AEERIERE

LR
W[

These edges obviously need to be reordered. After reordering, the active edge table
contains the following:
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The polygon is now filled as follows:

20
15 m‘
10

7. Scan-line = 16:

Once the first edge is encountered at x=10, parity = odd. All points are drawn from this
point until the next edge is reached at x=21. We are now done with this scan-line. The x

values are updated and the following is obtained:

rlives

The polygon is now filled as follows:
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20

15

10

8. Scan-line=17:

Once the first edge is encountered at x=12, parity = odd. All points are drawn from this
point until the next edge is reached at x=20. We are now done with this scan-line. We

update the x values and obtain:

active

0| @+ 20 |13

1.5

[y
¢
b
=
[y
= =]
o

-1.2

Kewi- &
[eA-X

The polygon is now filled as follows:

uyT

20

15

10

9. Scan-line = 18:
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Once the first edge is encountered at x=13,
parity = odd. All points are drawn from this
point until the next edge is reached at x=19.

Al

We are now done with this scan-line. Upon n @ - 30 142 15
updating the x values we get: , @ - 20 172 1.2
| - | = | e
IO

:,-_*1.'-; o,

The polygon is now filled as follows:

20

15

10

10. Scan-line = 19:
Once the first edge is encountered at x=15, parity = odd. All points are drawn from this
point until the next edge is reached at x=18. We are now done with this scan-line. Since
the maximum y value for both edges in the active edge table is equal to the next scan-
line, we remove them. The active edge table is now empty and we are now done.

The polygon is now filled as follows:
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20

Now that we have filled the polygon, let's see what it looks like to the naked eye:

=

(16, 20)

(10, 10)

(22, 10) (28, 10)
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Lecture No.9 Filled-Area Primitives-I|

Boundary fill

Another important class of area-filling algorithms starts at a point known to be inside a
figure and starts filling in the figure outward from the point. Using these algorithms a
graphic artist may sketch the outline of a figure and then select a color or pattern with
which to fill it. The actual filling process begins when a point inside the figure is selected.
These routines are like the paint-scan function seen in common interactive paint
packages.

The first such method that we will discuss is called the boundary-fill algorithm. The
boundary-fill method requires the coordinates of a starting point, a fill color, and a
boundary color as arguments.

Boundary fill algorithm:

The Boundary fill algorithm performs the following steps:
Check the pixel for boundary color

Check the pixel for fill color

Set the pixel in fill color

Run the process for neighbors

The pseudo code for Boundary fill algorithm can be written as:
boundaryFill (x, y, fillColor, boundaryColor)

if (x <0) || (x >= width))

return
if ((y <0) || (y >= height))

return
current = GetPixel(x, y)
if ((current != boundaryColor) && (current != fillColor))
setPixel(fillColor, x, y)
boundaryFill (x+1, y, fillColor, boundaryColor)
boundaryFill (x, y+1, fillColor, boundaryColor)
boundaryFill (x-1, y, fillColor, boundaryColor)
boundaryFill (x, y-1, fillColor, boundaryColor)

Note that this is a recursive routine. Each invocation of boundaryFill () may call itself
four more times.

The logic of this routine is very simple. If we are not either on a boundary or already
filled we first fill our point, and then tell our neighbors to fill themselves.
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Process of Boundar F'iI'I'AIgorithm

By the way, sometimes the boundary fill algorithm doesn't work. Can you think of such a
case?

Flood Fill

Sometimes we need an area fill algorithm that replaces all connected pixels of a selected
color with a fill color.

The flood-fill algorithm does exactly that.

Flood-fill algorithm

An area fill algorithm that replaces all connected pixels of a selected color with a fill
color.

Before Applying Flood-fill algorithm (Light color)

After Applying Flood-fill algorithm (Dark color)

Flood-fill algorithmin action
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The pseudo code for Flood fill algorithm can be written as:
public void floodFill(x, y, fillColor, oldColor)

if (x <0) || (x >= width))
return

if ((y <0) || (y >= height))
return

if ( getPixel (x, y) == oldColor)

setPixel (fillColor, x, y)

floodFill (x+1, y, fillColor, oldColor)
floodFill (x, y+1, fillColor, oldColor)
floodFill (x-1, y, fillColor, oldColor)
floodFill (x, y-1, fillColor, oldColor)

It's a little awkward to kick off a flood fill algorithm because it requires that the old color
must be read before it is invoked. The following implementation overcomes this
limitation, and it is also somewhat faster, a little bit longer. The additional speed comes
from only pushing three directions onto the stack each time instead of four.
fillFast (x, y, fillColor)

if (x <0) || (x >=width)) return

if ((y <0) || (y >=height)) return

int oldColor = getPixel (x, y)

if ( oldColor == fill ) return

setPixel (fillColor, x, y)

fillEast (x+1, y, fillColor, oldColor)

fillSouth (x, y+1, fillColor, oldColor)

fillWest (x-1, y, fillColor, oldColor)

fillNorth (x, y-1, fillColor, oldColor)

fillEast (x, y, fillColor, oldColor)
if (x >= width) return
if ( getPixel(x, y) == oldColor)
setPixel( fillColor, x, y)
fillEast (x+1, y, fillColor, oldColor)
fillSouth (x, y+1, fillColor, oldColor)
fillNorth (x, y-1, fillColor, oldColor)

fillSouth(x, y, fillColor, oldColor)
if (y >=height) return
if (getPixel (x, y) == oldColor)
setPixel (fillColor, x, y)
fillEast (x+1, y, fillColor, oldColor)
fillSouth (x, y+1, fillColor, oldColor)
fillWest (x-1, y, fillColor, oldColor)

fillWest(x, y, fillColor, oldColor)

{
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if (x <0) return

if (getPixel (x, y) == oldColor)
setPixel (fillColor, X, y)
fillSouth (x, y+1, fillColor, oldColor)
fillWest (x-1, y, fillColor, oldColor)
fillNorth (x, y-1, fillColor, oldColor)

fillNorth (x, y, fill, old)
if (y <0) return
if (getPixel (x, y) == oldColor)
setPixel (fill, x, y)
fillEast (x+1, y, fillColor, oldColor)
fillWest (x-1, y, fillColor, oldColor)
fillNorth (x, y-1, fillColor, oldColor)

A final consideration when writing an area-fill algorithm is the size and connectivity of
the neighborhood around a given pixel.

3. Fourcomnected
ye f’f"_f]:'_:: oo neighhorhnud o
c-'g:i' - Eight-connected =

The eight-connected neighborhood is able to get into nooks and crannies that an
algorithm based on a four-connected neighborhood cannot.

Here's the code for an eight-connected flood fill.
floodFill8 (x, y, fill, old)

if ((x <0) || (x >=width)) return

if ((y <0) || (y >=height)) return

if (getPixel (x, y) == oldColor)
setPixel (fill, x, y);
floodFill8 (x+1, y, fillColor, oldColor)
floodFill8 (x, y+1, fillColor, oldColor)
floodFill8 (x-1, y, fillColor, oldColor)
floodFill8 (x, y-1, fillColor, oldColor)
floodFill8 (x+1, y+1, fillColor, oldColor)
floodFill8 (x-1, y+1, fillColor, oldColor)
floodFill8 (x-1, y-1, fillColor, oldColor)
floodFill8 (x+1, y-1, fillColor, oldColor)
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LectureNo.10 M athematics Fundamentals

Matrices and Simple Matrix Operations

In many fields matrices are used to represent objects and operations on those objects. In
computer graphics matrices are heavily used especialy their mgor role is in case of
transformations (we will discuss in very next lecture), but not only transformation there
are many areas where we use matrices and we will see in what way matrices help us.
Anyhow today we are going to discuss matrix and their operation so that we will not face
any problem using matrices in coming lectures and in later lectures. Today we will cover
following topics:

What aMatrix is?

Dimensions of a Matrix
Elements of a Matrix

Matrix Addition

Zero Matrix

Matrix Negation

Matrix Subtraction

Scalar multiplication of a matrix
The transpose of a matrix

Definition of Matrix

A matrix is a collection of numbers arranged into a fixed number of rows and columns.
Usually the numbers are real numbers. In general, matrices can contain complex numbers
but we won't see those here. Here is an example of a matrix with three rows and three
columns:

row 1 ... 1 'E 3 \
0 8 46
4 -1 0 /

The top row is row 1. The leftmost column is column 1. This matrix is a 3x3 matrix
because it has three rows and three columns. In describing matrices, the format is:

rows X columns
Each number that makes up a matrix is called an element of the matrix. The elementsin a
matrix have specific locations.

The upper |eft corner of the matrix isrow 1 column 1. In the above matrix the element at
row 1 column 1 isthevaue 1. The element at row 2 columns 3 is the value 4.6.

Matrix Dimensions

The numbers of rows and columns of a matrix are called its dimensions. Here is a matrix
with three rows and two columns;
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1 4
2 5
3 6

Sometimes the dimensions are written off to the side of the matrix, as in the above matrix.
But thisis just a little reminder and not actually part of the matrix. Here is a matrix with
different dimensions. It has two rows and three columns. This is a different "data type"
than the previous matrix.

Ix2

5.12
-4.08
0.0
1.0

4x1

(-101)
5342:3

Question: What do you suppose asquar e matrix is? Hereis an example:

5 4 3
4 0 4
7 10 3

Answer: The number of rows == the number of columns

Square Matrix
In a square matrix the number of rows equals the number of columns. In computer
graphics, square matrices are used for transformations.

A column matrix consists of asingle column. ItisaN x 1 matrix. These notes, and most
computer graphics texts, use column matrices to represent geometrical vectors. At leftisa
4 x 1 column matrix. A row matrix consists of asingle row.

A column matrix is also caled column vector and call arow matrix arow vector.

Question: What are square matrices used for?
Answer: Square matrices are used (in computer graphics) to represent geometric
transformations.

Namesfor Matrices
Try to remember that matrix starts from rows never from columns so if order of matrix is
3*2 that means there are three rows and two columns. A matrix can be given a name. In
printed text, the name for a matrix is usually a capital letter in bold face, like A or M.
Sometimes as a reminder the dimensions are written to the right of the letter, asin Baya.
The elements of a matrix also have names, usualy a lowercase letter the same as the
matrix name, with the position of the element written as a subscript. So, for example, the
3x3 matrix A might be written as:
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A = a_'31 a-'m

Em -
m —
s B e
1V I AV

[
L oo

e

Sometimes you write A = [g;] to say that the elements of matrix A are named &;.
Question: (Thought Question:) If two matrices contain the same numbers as elements, are
the two matrices equal to each other?

Answer: No, to be equal, two matrices must have the same dimensions, and must have the
same values in the same positions.

Matrix Equality

For two matrices to be equal, they must have

The same dimensions.

Corresponding elements must be equal.

In other words, say that Anxm = [&;j] and that By x q = [bjj].

Then A =B if and only if n=p, m=q, and &;=by;; for all i and j in range.

1 4 6 4
<g5 :?:(52
3 6 v 1 3

Here are two matrices which are not equal even though they have the same elements.

) - (i22)
dx2

Fa

1
2 5
3 6

"'J.?xa

Matrix Addition

If two matrices have the same number of rows and same number of columns, then the
matrix sum can be computed:

If A isan MxN matrix, and B is also an MxN matrix, then their sum is an MxN matrix

formed by adding corresponding elements of A and B
Hereis an example of this:

1 4 0 2 1 6
<25 + -1 2 = 1 7
3 6 1 -6 Y40

Of course, in most practical situations the elements of the matrices are real numbers with
decimal fractions, not the small integers often used in examples.

Question: What 3x2 matrix could be added to a second 3x2 matrix without changing that
second matrix?

Answer: The 3x2 matrix that has al its elements zero.
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ZeroMatrix
A zero matrix is one; which has al its elements zero. Hereis a 3x3 zero matrix:

0 00

000 |- p

0 00
Ix3

The name of a zero matrix is a boldface zero: 0, athough sometimes people forget to
make it bold face. Here is an interesting problem:

000 1 10 75
000 | + 29-3.2>=‘?
000 2 0 5

Question: Form the above sum. No e ectronic calculators allowed!
Answer: Of course, the sum is the same as the non-zero matrix.

Rulesfor Matrix Addition

You should be happy with the following rules of matrix addition. In each rule, the
matrices are assumed to al have the same dimensions.

A+B=B+A

A+0=0+A=A

0+0=0

These look the same as some rules for addition of real numbers. (Warning!! Not all rules
for matrix math look the same as for real number math.)

The first rule says that matrix addition is commutative. This is because ordinary addition
is being done on the corresponding elements of the two matrices, and ordinary (real)
addition is commutative:

1 / 0 < 1+0 342 5+4 \

= 7+6 09:8  11+10

<13 15 1? 12 14 15) 13+12 15+14 1?+15;
0+1 243 4+5 0 2 4 1 3 5§
= < 6+7 840 10+11\: ( 6 8 10>+ 7 9 11
12+13 14+15 16+17/ . 12 14 16 13 15 17

Question: Do you think that (A +B) + C=A + (B + C)
Answer: Yes— thisis another rule that works like real number math.

Practice with Matrix Addition
Hereis another matrix addition problem. Mentally form the sum (or use a scrap of paper):

1 2 3 g 8 7
4 5 B + 6 5 4 =7
7 8 9 3 2 1

© Copyright Virtual University of Pakistan
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Hint: this problem isnot as tedious as it might at first seem.
Question: What is the sum?
Answer: Each element of the 3x3 result is 10.

Multiplication of a Matrix by a Scalar

A matrix can be multiplied by ascalar (by areal number) asfollows:

To multiply amatrix by a scalar, multiply each element of the matrix by the scalar.
Hereis an example of this. (In this example, the variable aisascalar.)

1 2 3 ia 2a 3a
a < 4 5 6 = 4da ba 6a
7 8 9 7a 8a 9a

Question: Show the result if the scalar a in the above is the value - 1.
Answer: Each element in the result is the negative of the original, as seen below.

Negative of a Matrix
The negation of a matrix isformed by negating each element of the matrix:
-A =-1A

1 2 3 1 2 3
1 4 5 6 | = | 4 5 -6
7 8 9 7 8 9

It will not surpriseyou that A + (-A) =0
Question: Look at the above fact. Can you think of away to define matrix subtraction?
Answer: It seems like subtraction could be defined as adding a negation of a matrix.

So, for example:

Matrix Subtraction

If A and B have the same number of rows and columns, then A - B isdefined as A + (-B).
Usually you think of this as:

Toform A - B, from each element of A subtract the corresponding element of B.

Hereis apartly finished example:

5 4 3 \ 1 -2 3 4 6 D\

4 04 |- 4 586 -2 52

7 10 3 / 7 8 9 0 2 72/
Notice in particular the elements in the first row of the answer. The way the result was
calculated for the elements in row 1 column 2 is sometimes confusion.

Question: Mentally fill in the two question marks.
Answer:

5 4 3 1 -2 3 460\
4 0 4 - 4 5 6 = 0 -5 -2
7 10 3 7 8 9 02-5/
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Transpose
The transpose of a matrix is a new matrix whose rows are the columns of the origina
(which makes its columns the rows of the original). Here is a matrix and its transpose:

5 4 3\' 5 4 7
4 (0 4 = 4 0 10
(? 10 3 <3 4 3>
The superscript "T" means "transpose”. Another way to look at the transpose is that the
element at row r column c if the origina is placed at row ¢ column r of the transpose. We

will usually work with square matrices, and it is usually square matrices that will be
transposed. However, non-square matrices can be transposed, as well:

5 4 \T

4 0 _[5 4 7 1
7 10 '(4010 a)
_1 8 s

i

Question: What is the transpose of :

Answer:
1 4
C 2 3)T: -
4 5 E ?;.:,_ 3 E

A Rulefor Transpose
If atransposed matrix isitself transposed, you get the original back:

T

(C 2 afy o) . C 2 3>
4 5 6 - 4 5 6

Thisillustratestherule (AT)" = A.
Question: What is the transpose of :

(1 2 3 4f = 7
Answer:

W=
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The transpose of arow matrix is a column matrix. And the transpose of a column matrix
Isarow matrix.

Rule Summary

Here are some rules that cover what has been discussed. Y ou should check that they seem
reasonable, rather than memorize them. For each rule the matrices have the same number
of rows and columns.

A+0=A A+B=B+A 0+0=0
A+(B+C)=(A+B)+C (ab)A = a(bA) aA+B)=aB+aA
a0=0 (DA =-A A-A=0

(AN =A 0'=0

In the above, aand b are scalars (real numbers). A and B are matrices, and O is the zero
matrix of appropriate dimension.

Question: If A=B and B =C, thendoes A = C?

Answer: Yes

Vectors
Another important mathematical concept used in graphicsisthe Vector. If Py = (X1, Y1, 1)

is the starting point and P, = (X2, Y2, Z2) is the ending point, then the vector V = (X2 — X1,
Y2—Y1, 22— 71)

p2

P1

z

and if P = (X2, y2, zp) isthe starting point and P1 = (x4, y1, 1) isthe ending point, then
thevector V = (X1 —X2, Y1 —Y2, 21 —22)

115

© Copyright Virtual University of Pakistan



10-3D Concepts VU

Thisjust defines length and direction, but not position.

Vector Projections
Projection of v onto the x-axis Y4

Projection of v onto the xz plane y4

X
Vv :
(5,0,2)
Z

2D Magnitude and Direction

The magnitude (Iength) of a vector:

VI=sart (Vi + V%)
YA

The equation is derived from the Pythagorean theorem. IVI
The direction of avector:

tana =Vy/ Vy (5! 2)
a=tan™ (Vy/ Vy)
a

Where a is angular displacement from the x-axis.

3D Magnitude and Direction =x
3D magnitude is a simple extension of 2D
V[ = sart( Vi + V2 + V,?)
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3D direction is a bit harder than in 2D. Particularly it needs 2 angles to fully describe
direction. Latitude/ longitude is areal-world example.

Direction Cosines are often used:
e 0, B, and y are the positive angles that the vector makes with each positive
coordinate axes x, y, and z, respectively
cosa =Vy/|V|
cosB=Vy/|V|
cosy=V;/|V]|

Vector Normalization
“Normalizing” a vector means shrinking or stretching it so its magnitude is 1. A simple
way is normalize by dividing by its magnitude:

V =(1,2 3)

V| = sgrt( 12 + 22 + 3%) = sqrt(14) + 3.74

Viem =V / |V| = (1, 2, 3) [3.74 =
(1/3.74,213.74, 3/ 3.74) = (.27, .53, .80)

[V norm| = sQrt( 27%+ 53 + .802) =ggrt(.9) =.95

Note that the last calculation doesn’t come out to exactly 1. This is because of the error
introduced by using only 2 decimal placesin the calculations above.

Vector Addition
Equation:
V3=Vi+Vo=(Vix+Vo,Viy+ Vo,V + V)

y A y A
V3 V2
V2
V1 V1
X X
Vector Subtraction
Equation:
V3 = Vl - V2 = (le - V2x1 Vly - V2y ’ Vlz - VZZ)
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V2 V3

V2 Vi

Vi >
> X
X

Dot Product
The dot product of 2 vectorsisascalar

V2

\q

Vi

»
»

X

Vi Vo=V Vo) + (Viy Voy )+ (V12 V2,)
Or, perhaps more importantly for graphics:
Vj_ ' Vz = |V;|_| |V2| COS(O)
where 0 is the angle between the 2 vectorsand 6 isin therange 0 < 6 <TI

Why is dot product important for graphics?
Itiszeroif and only if the 2 vectors are perpendicular cos (90) =0

y A
V2

Vi

»
»

X 118

© Copyright Virtual University of Pakistan



10-3D Concepts VU

The Dot Product computation can be simplified when it is known that the vectors are unit
vectors

Vi1 Vo= COS(e)
because |V4| and |[V,| areboth 1

Saves 6 squares, 4 additions, and 2 sgrts.

Cross Product
The cross product of 2 vectorsis avector
V1*Vo=(Viy V2 - Vi, Vy,

Vi, Vo - Vi Vo,

VixVay - Viy Vi)

Note that if you are big into linear algebra there is also a way to do the cross product
calculation using matrices and determinants

Again, just as with the dot product, there is a more graphical definition:
V1*Vo=u|Vy| [V sin(0)

where 0 is the angle between the 2 vectorsand 0 isin therange 0 < 6 < IT and u is the unit
vector that is perpendicular to both vectors

Why u?
V1] [V2| sin(®) produces ascalar and the result needs to be a vector.

Vi

The direction of u is determined by the right hand rule.

The perpendicular definition leaves an ambiguity in terms of the direction of u
Note that you can’t take the cross product of 2 vectorsthat are parallel to each other
Sin (0) = sin (180) = 0 a produces the vector (0, 0, 0)

Forming Coordinate Systems
Cross products are great for forming coordinate system frames (3 vectors that are
perpendicular to each other) from 2 random vectors.
1) CrossV1andV2toformVa3.
V3 isnow perpendicular to both V; and V,
2) CrossV2andV3toformV4
V4 isnow perpendicular to both V, and V3
Then V,, V4, and V3 form your new frame
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)
V; and V; arein the new xy plane
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Lecture No.11 2D Transformations |

In the previous lectures so far we have discussed output primitive as well as filling
primitives. With the help of them we can draw an attractive 2D drawing but that will be
static whereas in most of the cases we require moving pictures for example games,
animation, and different model; where we show certain objects moving or rotating or
changing their size.

Therefore, changes in orientation that is displacement, rotation or change in size is called
geometric transformation. Here, we have certain basic transformations and some special
transformation. We start with basic transformation.

Basic Transformations

Translation
Rotation
Scaling

Above are three basic transformations. Where trandation is independent of others
whereas rotation and scaling depends on translation in most of cases. We will see how in
their respective sections but here we will start with translation.

Trandation
A trandation is displacement from original _
place. This displacement happens to be Tt A
aong a straight line; where two distances . 0 L \
involves one is aong x-axis that is tx and + H
second is aong y-axis that is t,. The same .
is shown in the figure also we can express .- - I\
it with following equation as well as by =3 I A
matrix: + A1 |

|/ H
X'=X+t, y=y+l 2

-

|
|
I 2 ¥ 4 &5 & T ¥ 9 L] i

Here (ty, ty) is trandation vector or shift
vector. We can express above equations as a single matrix equation by using column
vectors to represent coordinate positions and the transl ation vector:

P=P+T

Where P = {1 P= {x } = | &
y Y l,

Trangdlation is a rigid-body transformation that moves objects without deformation. That
is, every point on the object is translated by the same amount.

A straight line can be translated by applying the above transformation equation to each of
the line endpoints and redrawing the line between the new coordinates. Similarly a
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polygon can be translated by applying the above transformation equation to each vertices
of the polygon and redrawing the polygon with new coordinates. Similarly curved objects
can be translated. For example to translate circle or ellipse, we translate the center point
and redraw the same using new center point.

Rotation

A two dimensional rotation is applied to an object by repositioning it along a circular path
in the xy plane. To rotate a point, its coordinates and rotation angle is required. Rotation
is performed around afixed point called pivot point. In start we will assume pivot point to
be the origin or in other words we will find rotation equations for the rotation of object
with respect to origin, however later we will see if we change our pivot point what should
be done with the same equations.

Another thing is to be noted that for a positive angle the rotation will be anti-clockwise
where for negative angle rotation will be clockwise.

Now for the rotation around the origin | ; *
as shown in the above figure we '
required original position/ coordinates B ot
which in our case is P(x,y) and rotation \ :
angle 6. Now using polar coordinates '
assume point is already making angle ® . !
from origin and distance of point from
origin isr, therefore we can represent x
andy in the form: " G .

x:rCOSfDandy:rsindb 1. .'- |. |. 3 r. - :. :. |.r

Now if we want to rotate point by an angle 6, we have new angle that is (®+ 0), therefore
now point P'(x’,y’) can be represented as:

X' =r cos(® + 0) =r cosd cosh —r sind sind

and

y'=rsin(® +0) =r cosd sind + r sind coso

Now replacing r cos® = x and r sin® =y in above equations we get:

X'=xcosh—y sinb and y'=xsinf +y cosd

Again we can represent above equations with the help of column vectors:

P=R.P
Where
5 cosd?  —sm o ’
‘r:||_ lllllf : -Iil'.l -l
v sl cOsf i
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When coordinate positions are represented as row vectorsinstead of column vectors, the
matrix product in rotation equation is transposed so that the transformed row coordinate
vector [x',y'] is calculated as:

PT =R.P)
=P".R'
Where P" and the other transpose matrix can be obtained by interchanging rows and
columns. Also, for rotation matrix, the transpose is obtained by simply changing the sign
of the sine terms.

Rotation about an Arbitrary Pivot Point:

As we discussed above that pivot point may be
any point as shown in the above figure, R
however for the sake of simplicity we assume '
above that pivot point is at origin.

N oyl
Anyhow, the situation can be dealt easily as ! t
we have equations of rotation with respect to “ ,a
origin. We can simply involve another S

transformation already read that is trandation vl

so simply trandate pivot point to origin. By .

tranglation, now points will make angle with

origin, therefore apply the same rotation equations and what next? Simply retrans ate the
pivot point to its original position that is if we subtract x;,y, now add them therefore we
get following equations:

X' =X+ (X - X;) cos0 —(y - yy) Sinf
y' =yr+ (X-X)sind —(y -y,) cosd

Asiit is discussed in trandation rotation is also rigid-body transformation that moves the
object along a circular path. Now if we want to rotate a point we already achieved it. But
what if we want to move aline along its one end point very ssmple treat that end point as
pivot point and perform rotation on the other end point as discussed above. Similarly we
can rotate any polygon with taking some pivot point and recalculating vertices and then
redrawing the polygon.

Scaling
A scaling transformation changes the size of an object. Scaling may be in any terms
means either increasing the original size or decreasing the original size. An exemplary
scaling is shown in the above figure g
where scaling factors used Sx=3 and :
Sy=2. So, what are these scaling factors
and how they work very ssmple, simply
we multiply each coordinate with its
respective scaling factor.

|
_Theref_ore, scaling vv_ith respect to o_rigin - 'D D : I:I D Sx=3
|s_ach|eved by multlplylngx_coordln{:\te - Ve
with factor S and y coordinate with
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factor S;. Therefore, following equations can be expressed:

X' = X.S
y'=y.S
In matrix form it can be expressed as:
P=SP
e cx | x
v Sy ]

Now we may have different values for scaling factor. Therefore, asit is multiplying factor
therefore, if we have scaling factor > 1 then the object size will be increased than original
size; whereas; in reverse case that is scaling factor < 1 the object size will be decreased
than original size and obviously there will be no change occur in size for scaling factor
equal 1.

Two variations are possible in scaling that is having scaling factors to be kept same that is
to keep original shape; which is called uniform scaling having Sx factor equal Sy factor.
Other possibility is to keep Sx and Sy factor unequal that is called differential scaling and
that will alter the original shape that is a square will no more remain square.

Now above equation of scaling can be applied to any line, circle and polygon etc.
However, as in case of line and polygon we will scale ending points or vertices then
redraw the object but in circle or ellipse we will scale the radius.

Now coming to the point when scaling with respect to any point other then origin, then
same methodology will work that is to apply translation before scaling and retranglation
after scaling. So here if we consider fixed/ pivot point (xs,yr), then following equations
will be achieved:

X' = X+ (X - X£) S«
Yy =yi+ (Y -y0S
These can be rewritten as;

X' =X S+ % (1-S))
y'=y.S +yi(1-S)

Where the terms x; (1 — S,) and y; (1 —S) are constant for all pointsin the object.
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LectureNo.12 2D Transformations||

Before starting our next lecture just recall equations of three basic transformations i.e.
trand ation, rotation and scaling:

Trandation: P’=P+ T
Rotation: P=R.P
Scaling: P'=S. P

In many cases of computer graphics applications we require sequence of transformations.
For example in animation on each next move we may have object to be translated than
scaled. Similarly in games an object in a particular moment may have to be rotated as
well as translated. That means we have to perform sequence of matrix operations but the
matrix we have seen in the previous lecture have order which restrict them to be operated
in sequence. However, with dight reformulated we can bring them into the form where
they can easily be operated in any sequence thus efficiency can be achieved.

Homogeneous Coor dinates

Again considering our previous lecture all the three basic transformations covered in
that lecture can be expressed by following equation:
P=MiP+ M,

With coordinate positions P and P represented as column vectors. Matrix M1 is a2
by 2 array containing multiplicative factors, and M, is a two-element column
matrix containing translation terms. For translation, M; is athe identity matrix, For
rotation or scaling, M, contains the translational terms associated with the pivot
point or scaling fixed point. To produce a sequence of transformations with these
equations, such as scaling followed by rotation then translation, we must calculate
the transformed coordinate's one step at a time. First, coordinate positions are
scaled, then these scaled coordinates are rotated, and finally the rotated coordinates
are tranglated.

Now the question is can we find a way to eliminate the matrix addition associated with
trandation? Y es, we can but for that M, will have to be rewritten as a 3x3 matrix and aso
the coordinate positions will have to be expressed asa homogeneous coordinate triple:

(X, y) as (Xn, Yn, h) where

X=_Xn , Y=_Yn
h h

We can choose the h as any non-zero value. However, a convenient choice is 1, thus (X,
y) has homogeneous coordinates as (x, y, 1). Expressing positions in homogeneous
coordinates allows us to represent al geometric transformation equations as matrix
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multiplications. Coordinates are represented with three-element column vectors, and
transformation operations are written as 3 by 3 matrices.

Trandation with Homogeneous Coordinates
The trandation can now be expressed using homogeneous coordinates as:

Abbreviated as:
P= T(xty) .P

Rotation with Homogeneous Coor dinates
The rotation can now be expressed using homogeneous coordinates as:

N wand o wminf U Ty
3 SIE s
1 o 0 0 1 |

Abbreviated as:
P= R(@) .P

Scaling with Homogeneous Coor dinates
The scaling can now be expressed using homogeneous coordinates as:

N - I (o x

\ s, oy

1 I I |
Abbreviated as:

P = S(59) . P
Matrix representations are standard methods for implementing transformations in
graphics systems. In many systems, rotation and scaling functions produce
transformations with respect to the coordinate origin as expressed in the equation above.
Rotations and scaling relative to other reference positions are then handled as a
succession of transformation operations.

Composite Transformations
As in the previous section we achieved homogenous matrices for each of the basic
transformation, we can find a matrix for any sequence of transformation as a
composite transformation matrix by calculating the matrix product of the individual
transformations.
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Trandations
If two successive tranglations vectors (txi, ty;) and (txp, ty,) are applied to a
coordinate position P, the final transformed location P is calculated as

P = T(th,Wz) . {T(tXl,tyl) . P}
= {T(txaty2) . T(tXp,ty)} . P

where P and P’ are represented as homogeneous-coordinate column vectors. The
composite transformation matrix for this sequence of trandationsis

10 2,][1 0 2,7 [1 0 2,+1,
01 7,0 1 2,(=[0 1 1,+1,
00 100 1| (o0 1

or
T(tXo,ty2) . T(tX,tys) = T(tXg + tX2, ty1 + ty))

Which means that two successive translations are additive. Hence,

Composite Rotations
Two successive Rotations applied to a point P produce the transformed position

P =R(62) . {R(6,) . P}
={R(®2) . R(61)} . P
By multiplying the two rotation matrices, we can verify that two successive rotations are
additive:

R(ez) . R(el) = R(Ol + 92)
so that the final rotated coordinates can be calculated with the composite rotation matrix
as

P=R(0:+02).P

Composite Scaling
Concatenating transformation matrices for two successive scaling operations produces the
following composite scaling matrix:

S, 0 o|[s, 0 o] [s,8, 0
0 S5, 00 S, 0= 0 5.8,
0 0 0 0 1 0 0
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or

S (SX2,5Y2)-S(SX1,8Y1) = S(SX1.5X2, SY1.5Y2)
The resulting matrix in the case indicates that successive scaling operations are
multiplicative. That is, if we were to triple the size of an object twice in succession, the
final size would be nine times that of the original.

General Pivot Point Rotation

With a graphics package that only provides a rotate function for revolving object about
the coordinate origin, we can generate rotations about any selected pivot point (X, yr) by
performing the following sequence of translate-rotate-transl ate operations:

Translate the object so that the pivot-point positionsis moved to the coordinate origin
Rotate the object about the coordinate origin
Trand ate the object so that the pivot point is returned to its original position

o L L _Jo
1 0 wosf o ownd 01N .
LI R TS o ST T 2 VA ¢ I R
a1 _ [ il 1_ o1l 1

cust? sttt 0T cowfly e v s

sundd st 0D cosffy s
[ l::l I

which can be expressed in the form
T(Xr y yr) . R(e) . T('Xr ,'yr) = R(Xr, yr y 9)
where T(-X; , -yy) = T-1(X; , Vi)

General Fixed Point Scaling

Following figure is showing a transformation sequence to produce scaling with respect to
a selected fixed point (x:, yr) using a scaling function that can only scale relative to the
coordinate origin.

Trand ate object so that the fixed point coincides with the coordinate origin
Scal e the object with respect to the coordinate origin
Use the inverse translation of step 1 to return the object to its original position

Concatenating the matrices for these three operations produces the required scaling
matrix.
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1 1 |1 i
I ST A I I !
1l | (1 i 1 [y 1] |

y 0wl =5

s =80

y l

T(Xt,Y1).S(S6,Sy)- T(-Xt,-Y1) = S(Xt,Yt » S0.Sy)

This transformation is automatically generated on systems that provide a scale function
that accepts coordinates for the fixed point.

Concatenation Properties
Matrix multiplication is associative. For any three matrices A, B and C, the matrix

product A. B. C can b3e performed by first multiplying A and B or by first multiplying B
and C:

A.B.C=(A.B).C=A.(B.C)
Therefore, we can evaluate matrix products using a left-to-right or a right-to-left
associative grouping. On the other hand, transformation products may not be
commutative. The matrix product A. B is hot equal to B. A, in genera. This means that if
we want to translate and rotate an object, we must be careful about the order in which the
composite matrix is evaluated as show in following figure.

. m
Polial W "

' qd e -
- - -~
= =T, o
- L o
O H Tt
S emimamn &
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Reversing the order in which a sequence of transformations is performed may affect the
transformed position of an object. In above figure an object is first trandated, and then
rotated. Whereas, in thisfigure an object is rotated first, then trand ated.

For some specia cases, such as a sequence of transformations all of same kind, the
multiplication of transformation matrices is commutative. As an example, two successive
rotations could be performed in either order and the final position would be the same.
This commutative property holds also for two successive transglations or two successive
scalings. Another commutative pair of operation is rotation and uniform scaling (S, = §)).

General Composite Transformations and Computational Efficiency
A general two-dimensional transformation, representing a combination of trandations,
rotations, and scaling, can be expressed as

1
X Y ek { LAY X

11 L

L I A Y S £ O I &

Ly Ly A

1| 0 o 1 |1

The four elements rs; are the multiplicative rotation-scaling terms in the transformation
that involve only rotating angles and scaling factors. Elements trs, and trs, are the
trandlational terms containing combinations of translation distances, pivot-point and
fixed-point coordinates, and rotation angles and scaling parameters. For example, if an
object is to be scaled and rotated about its centroid coordinates (X, Yc¢) and then
tranglated, the values for the el ements of the composite transformation matrix are

T (toty) . R(Xe,Yc,0) . S(Xc,Ye,SSy)
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Nogewth N el W s e N windd e
Nowmf o N v Sy N osindd
o 1 1

Although matrix given before above matrix requires nine multiplications and six
additions, the explicit calculations for the transformed coordinates are

X' = XIS + YISy + 1rsy
Y = XIS T YISy +1rs,

Thus, we only need to perform four multiplications and four additions to transform
coordinate positions. This is the maximum number of computations required for any
transformation segquence, once the individual matrices have been concatenated and the
elements of the composite matrix evaluated. Without concatenation, the individua
transformations would be applied one at a time and the number of calculations could be
significantly increased. An efficient implementation for the transformation operations,
therefore, is to formulate transformation matrices, concatenate any transformation
seguence, and calculate transformed coordinates using above equations.

Other Transformations

Basic transformations such as translation, rotation, and scaling are included in most
graphics packages. Some packages provide a few additional transformations that are
useful in certain applications. Two such transformations are reflection and shear.

Reflection

A reflection is a transformation that produces a mirror image of an object. The
mirror image for a two-dimensional reflection is generated relative to an axis of
reflection by rotating the object 180° about the reflection axis. We can choose an
axis of reflection in the xy plane or perpendicular to the xy plane. When the
reflection axis is a line in the xy plane; the rotation path about this axisisin a
plane perpendicular to the xy plane. For reflection axes that are perpendicular to
the xy plane, the rotation path in the xy plane. Following are examples of some
common reflections.

Reflection about the line y=0, the x-axis, relative to axis of reflection can be
achieved by rotating the object about axis of reflection by 1800.

1 0 O
0 -10
0 0 1
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Tfe transformation matri_x IS
1 0 0
0 -1 0

0 0 1]

Similarly in case of reflection about y-axis the transformation matrix will be, aso
the reflection is shown in following figure:

1 O 0
(0 1
0 0 |

Shear
A transformation that distorts the shape of an object such that the transformed
shape appears as if the object were composed of internal layers that had been
caused to dlide over each other is called a shear. Two common shearing
transformations are those that shift coordinate x values and those that shift y
values.

An x direction shear relative to the x axis is produced with the transformation
matrix
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(1 sha O
4 1 0
o 0 1

which transforms coordinate position as
» X'=X+shy.y

= y=y

Any real number can be assigned to the shear parameter sh,. A coordinate position (x,y) is
then shifted horizontally by an amount proportional to its distance (y value) from the x
axis (y=0). Setting shx to 2, for example, changes the square in following figure into a
parallelogram. Negative values for shy shift coordinate positions to the left.

Similarly y-direction shear relative to the y-axis is produced with the transformation
matrix

1T 0 0]
.t'.'fi'___ 1 0
a0 0 1
aEld coordinate posi'a ons transformed as
Y=o xry

Another similar transformation may bein x and y direction shear, where matrix will be
I T S
s Lo
I o
and coordinate positions transformed as

X'=x+sh.y
y'=shy.x+y
133

© Copyright Virtual University of Pakistan



13-Drawing Example VU

LectureNo.13  Drawing Example

Let us now learn some of the implementation techniques. So far we aready have done
with learning drawing primitives including output primitives as well as filling primitives.
Also we have studied transformations. So we should be in position to make use of them in
two-dimensional drawing. Though most of you will think that they can draw two-
dimensional drawing very easily yet it may not be true due to lack of knowledge of some
implementation techniques, which are very useful in drawing as well as in transformation.
So we will cover this with some examples.

Drawing Table

First of al we are going to draw a very simple drawing that is a “table”. Yes, a smple
rectangular table with four legs. So, in order to draw such table we have to draw “table
top” plus four legs connecting four edges of the rectangle.

Design

Here we will first design the table like an ordinary student. So, what we will do we will
see the location of the table. For example assume that our screen has dimensions 640* 480
and initially we want to draw table right in the middle of the center. Also, another factor
Is important that isy axis travels from top to bottom. That is y=0 will be the top edge of
the screen and 480 will be the lower edge of the screen. Another thing is the dimension of
the table we want to draw. Therefore, we have table that has width 20, length 14 and
height 10.

Therefore, we have to find out four vertices that make the corners of the table. So, first of
al consider x coordinate. Left edge of the table will be 10 less from the center of the
screen that is 320. Therefore, x1 and x4 values will be 310. Similarly right edge of the
table will be 10 plus center of the screen. Therefore, x2 and x3 vaues will be 330.
Similarly, top edge of the table will be 10 less from the center of the screen that is 240.
Therefore, y1 and y2 values will be 233 and y3 and y4, which are lying on the lower
edge, will be 247. Finally, last parameter is required to define the length of legs. Having
length of legs we have to simply draw vertical lines of that length starting from each
corner respectively. Therefore, following code will be required to draw such atable:

void trandate(int tx, int ty)

{
XC+=tX;
yc+=ty;
X1+=tx;
X2+=tX;
X3+=tX;
X4+=tX;
yl+=ty;
y2+=ty;
y3+=ty;
ya+=ty;
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void rotate (float angle)
{
int tempx=x1,
x1=xc+(tempx-xc)* cos(angle)-(y1-yc)* sin(angle);
y1l=yc+(tempx-xc)* sin(angle)+(y1-yc)* cos(angle);
tempx=x2;
x2=xc+(tempx-xc)* cos(angle)-(y2-yc)* sin(angle);
y2=yc+(tempx-xc)* sin(angle)+(y2-yc)* cos(angle);
tempx=x3;
x3=xc+(tempx-xc)* cos(angle)-(y3-yc)* sin(angle);
y3=yc+(tempx-xc)* sin(angle)+(y3-yc)* cos(angle);
tempx=x4,
x4=xc+(tempx-xc)* cos(angle)-(y4-yc)* sin(angle);
y4=yc+(tempx-xc)* sin(angle)+(y4-yc)* cos(angle);
}

void scale(int sx, int sy)

{
x1=xc+(x1-XC)* sX;
X2=XC+(X2-XC)* SX;
X3=XC+(X3-XC)* SX;
X4=XC+(X4-XC)* SX;
yl=yct(yl-yc)*sy;
y2=yct(y2-yc)*sy;
y3=yc+(y3-yc)*sy;
y4=yc+(y4-yc)*sy;
legLength* =sy;

}

x1=310, x2=330, x3=330, x4=310;
y1=233, y2=233, y3=247, y4=247,
legL ength=10;

So, what | want that you should observe the issue. Now consider first of all translation. In
translation you have to trandate al the points one by one and redraw the picture.
Instruction to translate the table will be of the form:

Now in this design drawing is pretty simple. We have to draw 4 lines between corner
points. That is from (x1, yl1) to (x2, y2), from (x2, y2) to (x3, y3), from (x3, y3) to
(x4, y4) and from (x4, y4) to (x1, y1). That will suffice our table top. Next simply
draw four lines each starting from one of the corner of the table in the vertical
direction having length 10. Now let us see the simple code of drawing such table:

/[Table Top
line (x1, y1, X2, y2);
line (x2, y2, X3, y3);
line (x3, y3, x4, y4);
line (x4, y4, X1, y1);
/[Table Legs
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line (x1, y1, x1, y1+legL ength);
line (x2, y2, x2, y2+legL ength);
line (x3, y3, x3, y3+legL ength);
line (x4, y4, x4, y4+legL ength);

Now is not that easy to draw table in the same manner? We will discuss the problem after
take abit look at basic transformations (translation, rotation, scaling). The codeis:

void tranglate(int tx, int ty)

{
XC+=tX;
yc+=ty;
X1+=tx;
X2+=tX;
X3+=tx;
X4+=txX;
yl+=ty;
y2+=ty;
y3+=ty;
yA+=ty;

}

Now seeing the code you can easily understand the idea. In translation we have to
tranglate al points one by one and then redrawing the table at new calculated points. Later
you will seein the other method that translation will only involve one line.

Anyhow next we will move to other transformation (rotation). Having pivot point at the
center of the screen, we have to perform translation in three steps. That is translation then
rotation and then translation. So take alook at the code:

void rotate (float angle)
{
int tempx=x1;
x1=xc+(tempx-xc)* cos(angle)-(y1-yc)* sin(angle);
yl=yc+(tempx-xc)* sin(angle)+(y1-yc)* cos(angle);
tempx=x2;
x2=xc+(tempx-xc)* cos(angle)-(y2-yc)* sin(angle);
y2=yc+(tempx-xc)* sin(angle)+(y2-yc)* cos(angle);
tempx=x3;
x3=xc+(tempx-xc)* cos(angle)-(y3-yc)* sin(angle);
y3=yc+(tempx-xc)* sin(angle)+(y3-yc)* cos(angle);
tempx=x4;
x4=xc+(tempx-xc)* cos(angle)-(y4-yc)* sin(angle);
y4=yc+(tempx-xc)* sin(angle)+(y4-yc)* cos(angle);
}

So, here calculations required each time and for each pixel; whereas; you will observe
that we can make that rotation pretty simple. A similar problem is lying in the case of
scaling that is to perform three steps; translation then scaling and then tranglation. So ook

at the code given below:
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void scale(int sx, int sy)

{
x1=xc+(x1-Xc)*sx;
X2=XC+(X2-XC)* SX;
X3=XC+(X3-XC)* X;
X4=XC+(X4-XC)* SX;
yl=yct(yl-yc)*sy;
y2=yc+(y2-yc)*sy;
y3=yc+(y3-yc)*sy;
y4=yc+(y4-yc)*sy;
legL ength* =sy;

}

Therefore, same heavy calculations involves in scaling. So, here we will conclude our
first method and will start next method so that we can judge how calculations become
simple. Now having all discussion on table drawing, let us now consider the complete
implementation of class Table:

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

Table is designed without considering pivot point simply taking points according to the
requirement.

Therefore, tranglation of table involves trandation of al points.

Scaling and Rotation will be done after trand ation.

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

#include <graphics.h>
#include <iostream.h>
#include <conio.h>
#include <math.h>

float round(float x)

{
return x+0.5;
}
class Table
{ .
private:

int xc, yc;//Center of the figure

int xp, yp;//Pivot point for this figure
int x1, X2, X3, x4;

intyl,y2,y3, y4;

int legLength;

public:
Table()

{
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}

xc=320, yc=240;//Center of the figure
xp=0; yp=0;//Pivot point for thisfigure
x1=310, x2=330, x3=330, x4=310;
y1=233, y2=233, y3=247, y4=247,
legL ength=10;

void trandate(int tx, int ty)

{

}

XC+=tX;
yct=ty;
X1+=tx;
X2+=tX;
X3+=tX;
X4+=tX;
yl+=ty;
y2+=ty;
y3+ =ty;
ya+=ty;

void rotate (float angle)

{

}

int tempx=x1,

x1=xc+(tempx-xc)* cos(angle)-(y1-yc)* sin(angle);
y1=yc+(tempx-xc)* sin(angle)+(y1-yc)* cos(angle);
tempx=x2,

x2=xc+(tempx-xc)* cos(angle)-(y2-yc)* sin(angle);
y2=yc+(tempx-xc)* sin(angle)+(y2-yc)* cos(angle);
tempx=x3;

x3=xc+(tempx-xc)* cos(angle)-(y3-yc)* sin(angle);
y3=yc+(tempx-xc)* sin(angle)+(y3-yc)* cos(angle);
tempx=x4;

x4=xc+(tempx-xc)* cos(angle)-(y4-yc)* sin(angle);
y4=yc+(tempx-xc)* sin(angle)+(y4-yc)* cos(angle);

void scale(int sx, int sy)

{

x1=xc+(x1-xc)* x;
X2=XC+(X2-XC)* SX;
X3=XC+(X3-XC)* X;
X4=XC+(X4-XC)* SX;
yl=yct+(yl-yc)*sy;
y2=yc+(y2-yc)*sy;
y3=yc+(y3-yc)*sy;
y4=yc+(y4-yc)*sy;
legL ength* =sy;
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void draw()

{
line (x1, y1, X2, y2);
line (x2, y2, X3, y3);
line (x3, y3, x4, y4);
line (x4, y4, X1, y1);
line (x1, y1, x1, y1+legLength);
line (X2, y2, x2, y2+legLength);
line (x3, y3, x3, y3+legLength);
line (x4, y4, x4, y4+legL ength);

h

void main()
{
clrscr();
int gdriver = DETECT, gmode, errorcode;
initgraph(& gdriver, &gmode, "c:\\tc\bgi");
Table table;
table.draw();
setcolor(CYAN);
table.tranglate(15, 25);
table.draw();
table.tranglate(50, 75);
table.scale(3,2);
table.draw();
table.translate(-100, 75);
table.rotate(3.14/4);
table.draw();
getch();
closegraph();

Second Method

Well now we will design our table by considering pivot point. That is we will decide our
pivot point and next all points will be taken according to that pivot point. Similarly you
will see that this consideration will do a little effect on drawing portion of the code;
otherwise all other things will become simpler.

Table Design

o let us start with designing the table, that is to calculate parameters of the table. That is
4 corners plus length of legs. First of al we assume that our pivot point is lying on the
center of the screen and initialy that is (O, 0). So having pivot point we will calculate
other points with respect to that point.
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So having length 20 units, left edge of the table will be ten digits away from the pivot
point and away on the left side; therefore; x1 and x4 will be —10; and similarly right edge
of the table will be ten digits away from the pivot point on the right side. Therefore, x2
and x3 will be 10 (yes, positive ten).

Now consider the top and lower edges of the table they will be 7 points away from the
pivot point in each direction; therefore value of y on the upper edge will be —7 and on the
lower edge it will be 7 (yes, positive seven). Now finally y1, y2 will be —7 and y3, y4 will
be 7. Well, length of the leg will be simple ten. Therefore, now take a look at the
parametersin this design:

xc=320, yc=240;//Center of the figure
xp=0; yp=0;//Pivot point for thisfigure
x1=-10, x2=10, x3=10, x4=-10;
y1=-7,y2=-7,y3=7, y4=T,

legL ength=10;

Table Drawing
So, points x1, x2, x3, and x4 are not having the value at which they will appear on the
screen rather they are at the relative distance from the pivot point. Here, we are al'so using
XC, yc that is center on the screen that will keep pivot point align. Now having vertices
defined in this fashion our drawing method will be differ from the older one. That is
while drawing lines we will add center of the screen and pivot point in each vertex. That
will take us to the exact position of the screen. Let uslook at the drawing code:

int Xxc=this->Xc+xp;

int yc=this->yc+yp;

line (xc+x1, yct+yl, Xc+x2, ycty?2);

line (xc+x2, yct+y2, Xxc+x3, ycty3);

line (xc+x3, yct+y3, xc+x4, ycty4);

line (xc+x4, yct+y4, xc+x1, yc+yl);

line (xc+x1, yctyl, xc+x1, yc+yl+legLength);

line (xc+x2, ycty2, xc+x2, yc+y2+legLength);

line (xc+x3, yct+y3, xc+x3, yc+y3+leglL ength);

line (xc+x4, yct+y4, xc+x4, yc+y4d+legl ength);

So, in the above code first we have added xp to xc in order to reduce some of the
calculations required in each line drawing command. Next, we have added that calculated
figure to al line drawing commands in order to draw them exactly at the position where it
should be appear in the screen.

Now having a bit difficulty while drawing there are many more facilities that we will
enjoy in especialy transformation.

Table Transformation
So, first of al consider Tranglation. In this technique tranglation is quite simple that is
simply add tranglation vector in the pivot point. All other points will be calculated
accordingly. Now look at the very simple code of trandation:
void translate(int tx, int ty)
{
Xpt=tx;
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ypt=ty;

So how simple add tx to xp and ty to yp. Similarly next consider rotation that is again
very simple; no need of tranglation. Let uslook at the code:
void rotate (float angle)
{
int tempx=x1,
x1=tempx* cos(angle)-y1*sin(angle);
yl=tempx*sin(angle)+y1* cos(angle);
tempx=x2;
x2=tempx* cos(angle)-y2*sin(angle);
y2=tempx* sin(angle)+y2* cos(angle);
tempx=x3;
x3=tempx* cos(angle)-y3*sin(angle);
y3=tempx* sin(angle)+y3* cos(angle);
tempx=x4;
x4=tempx* cos(angle)-y4* sin(angle);
y4=tempx* sin(angle)+y4* cos(angle);
}

So, here you can check that there is no extra calculation simply rotated points are
calculated using formula that is used to rotate a point around the origin. Now similarly
given below you can see calculations of scaling.

void scale(int sx, int sy)
{
X1=x1*sx;
X2=X2* SX;
X3=x3*sX;
X4=x4* sx;
yl=yl*sy;
y2=y2*sy;
y3=y3*sy;
yd=yad*sy;
legL ength=legL ength* sy;
}

So very simple calculation is done again that is to multiply scaling factor with old vertices
and new vertices will be obtained.

So, now we look at the class Table in which table is designed considering pivot point and
taking al other points accordingly.

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

Tableis designed with considering pivot point and taking all other
points with respect to that pivot point.

Therefore, tranglation of table involves translation of only pivot
point, all other points will change respectively.
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Scaling and Rotation will be done directly no translation or other
transformation is required.

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

#include <graphics.h>
#include <iostream.h>
#include <conio.h>
#include <math.h>

float round(float x)

{
return x+0.5;
}
class Table
{ .
private:

int xc, yc;//Center of the figure

int xp, yp;//Pivot point for thisfigure

int x1, X2, X3, x4;

intyl, y2,vy3, y4;

int legLength;

int sfx, sfy; //Scaling factor
public:
Table()

xc=320, yc=240;//Center of the figure
xp=0; yp=0;//Pivot point for thisfigure
x1=-10, x2=10, x3=10, x4=-10;
y1=-7,y2=-7,y3=7, y4=7,

legL ength=10;
sfx=1, sfy=1;
}
void translate(int tx, int ty)
{
Xpt=tx;
ypt=ty;
}
void rotate (float angle)
{
int tempx=x1,

x1=tempx* cos(angle)-y1*sin(angle);
yl=tempx*sin(angle)+y1* cos(angle);
tempx=x2;
x2=tempx* cos(angle)-y2* sin(angle);
y2=tempx* sin(angle)+y2* cos(angle);
tempx=x3;
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x3=tempx* cos(angle)-y3*sin(angle);
y3=tempx* sin(angle)+y3* cos(angle);
tempx=x4;

x4=tempx* cos(angle)-y4* sin(angle);
y4=tempx* sin(angle)+y4* cos(angle);

void scale(int sx, int sy)
{
X1=x1*sx;
X2=X2* SX;
X3=x3*sX;
X4=x4* sX;
yl=yl*sy;
y2=y2*sy;
y3=y3*sy;
ya=y4d*sy;
legL ength=legL ength* sy;

void draw()
{
int xc=this->Xc+xp;
int yc=this->yc+yp;
line (xc+x1, yctyl, Xxc+x2, ycty?2);
line (xc+x2, yct+y2, Xxc+x3, ycty3);
line (xc+x3, yct+y3, xc+x4, ycty4);
line (xc+x4, ycty4, xc+x1, yc+yl);
line (xc+x1, yct+yl, xc+x1, yctyl+legl ength);
line (xc+x2, yct+y2, xc+x2, yc+y2+legLength);
line (xc+x3, yc+y3, xc+x3, yc+y3+legLength);
line (xc+x4, ycty4, xc+x4, yct+y4+legLength);
1

void main()

{

clrscr();

int gdriver = DETECT, gmode, errorcode;
initgraph(& gdriver, &gmode, "c:\\tc\\bgi");
Table table;

table.draw();

setcolor(CYAN);

table.tranglate(15, 25);

table.draw();

table.trangate(50, 0);

table.scale(3,2);

table.draw();

table.trandlate(-100, 0);
table.rotate(3.14/4);

table.draw();

getch();

closegraph();
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LectureNo.14  Clipping-I

Concept

It is desirable to restrict the effect of graphics primitives to a sub-region of the canvas, to
protect other portions of the canvas. All primitives are clipped to the boundaries of this
clipping rectangle; that is, primitives lying outside the clip rectangle are not drawn.

The default clipping rectangle is the full canvas (the screen), and it is obvious that we
cannot see any graphics primitives outside the screen.

A simple example of line clipping can illustrate this idea:

Thisis a simple example of line clipping: the display window is the canvas and also the
default clipping rectangle, thus al line segments inside the canvas are drawn.

The red box is the clipping rectangle we will use later, and the dotted line is the extension
of the four edges of the clipping rectangle.

F | D I

]
ATy

A

G

Clip Rectangle

GI

Point Clipping
Assuming arectangular clip window, point clipping is easy. we save the point if:
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Xmin <= X <=Xmax
VYmin <= Y <= Ymax

LineClipping

This section treats clipping of lines against rectangles. Although there are specialized
algorithms for rectangle and polygon clipping, it is important to note that other graphic
primitives can be clipped by repeated application of the line clipper.

Clipping Individual Points
Before we discuss clipping lines, let's look at the smpler problem of clipping individual
points.
If the x coordinate boundaries of the clipping rectangle are Xmin and Xmax, and the y
coordinate boundaries are Ymin and Ymax, then the following inequalities must be
satisfied for apoint at (X, Y) to be inside the clipping rectangle:

Xmin <X < Xmax

and
Ymin<Y <Ymax

If any of the four inequalities does not hold, the point is outside the clipping rectangle.
Trivia Accept - save aline with both endpointsinside all clipping boundaries.

Trivial Reject - discard aline with both endpoints outside the clipping boundaries.

For al other lines - compute intersections of line with clipping boundaries.

Parametric representation of aline:

X =x1+u(x2-x1)

y=yl+u(y2-yl),and0<=u<=1

If the value of u for an intersection with a clipping edge is outside the range O to 1, then
the line does not enter the interior of the window at that boundary. If the value of u is
within this range, then the line does enter the interior of the window at that boundary.

Solve Simultaneous Equations
To clip a line, we need to consider only its endpoints, not its infinitely many interior
points. If both endpoints of a line lie inside the clip rectangle (eg AB, refer to the first
example), the entire line lies inside the clip rectangle and can be trivially accepted. If one
endpoint lies inside and one outside(eg CD), the line intersects the clip rectangle and we
must compute the intersection point. If both endpoints are outside the clip rectaangle, the
line may or may not intersect with the clip rectangle (EF, GH, and 1J), and we need to
perform further calculations to determine whether there are any intersections.
The brute-force approach to clipping a line that cannot be trivially accepted is to intersect
that line with each of the four clip-rectangle edges to see whether any intersection points
lie on those edges; if so, the line cuts the clip rectangle and is partially inside. For each
line and clip-rectangle edge, we therefore take the two mathematically infinite lines that
contain them and intersect them. Next, we test whether this intersection point is "interior"
-- that is, whether it lies within both the clip rectangle edge and the line; if so, thereis an
intersection with the clip rectangle. In the first example, intersection points G' and H' are
interior, but I' and J are not.
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The Cohen-Sutherland Line-Clipping Algorithm
The more efficient Cohen-Sutherland Algorithm performs initial tests on a line to
determine whether intersection cal culations can be avoided.

Seps for Cohen-Sutherland algorithm

End-points pairs of the line are checked for trivia acceptance or trivial reject using
outcode.

If not trivial-acceptance or trivia-reect, the line is divided into two segments at a clip
edge.

Lineisiteratively clipped by testing trivial-acceptance or trivial-rejected, and divided into
two segments until completely inside or trivial-rejected.
Trivial acceptance/reject test

To perform trivial accept and reject tests, we extend the

edges of the clip rectangle to divide the plane of the clip 1001 100 1010
rectangle into nine regions. Each region is assigned a 4-

bit code determined by where the region lies with

respect to the outside hafplanes of the clip-rectangle 0001 000t an1o
edges. Each bit in the outcode is set to either 1 (true) or - /\7

0 (fase); the 4 bits in the code correspond to the <

following conditions: T

Bit 1: outside halfplane of top edge, above top edge Y > mal o100 0110
Y max

Bit 2. outside halfplane of bottom edge, below bottom

edgeY <Ymin

Bit 3: outside halfplane of right edge, to the right of right edge X > Xmax

Bit 4: outside halfplane of left edge, to the left of left edge X < Xmin

Conclusion

In summary, the Cohen-Sutherland agorithm is efficient when out-code testing can be
done cheaply (for example, by doing bit-wise operations in assembly language) and
trivial acceptance or regjection is applicable to the majority of line segments. (For
example, large windows - everything isinside, or small windows - everything is outside).

Liang-Barsky Algorithm
Faster line clippers have been developed that are based on analysis of the parametric
equation of aline segment, which we can write in the form:

X = X1+ UAX
y=y1+UAy, where0<=u<=1

Where AX = X, - X; and Ay =y, - y;. Using these parametric equations, Cryus and Beck
developed an algorithm that is generally more efficient than the Cohen-Sutherland
algorithm. Later, Liang and Barsky independently devised an even faster parametric line-
clipping algorithm. Following the Liang-Barsky approach, we first write the point-
clipping in a parametric way:

Xmin <= X1 + U AX <= Xmax
Ymin <= Y1 + UAY <= Ymax

of these four inequalities can be expressed as
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U= pc<=0gxfork=1234
Where parameters p and q are defined as:

p1 = -AX, J1 = X1 = Xmin
P2 = -AX, 02 = Xmax - X1
p3 = -Ay, 03 = Y1 - Ymin
P4 = -Ay, 04 = Ymax - Y1

Any line that is paralel to one of the clipping boundaries has px = O for the value of k
corresponding to that boundary (k = 1, 2, 3, 4 correspond to the left, bottom, and top
boundaries, respectively). If, for that value of k, we also find g« >= 0, the line isinside the
parallel clipping boundary.

When py < 0, the infinite extension of the line proceeds from the outside to the inside of
the infitite extension of the particular clipping boundary. If px> 0, the line proceeds from
the inside to the outside. For a nonzero value of px = 0, we can calculate the value of u
that corresponds to the point where the infinitely extended line intersects the extension of
boundary k as:

u=ak/ px

For each line, we can calculate values for parameters u; and u; that defines that part of the
line that lies within the clip rectangle. The value of u; is determined by looking at the
rectangle edges for which the line proceeds from the outer side to the inner side. (p < 0).
For these edges we calculate ry = gk / px.

The value of u; istaken asthe largest of the set consisting of 0 and the various values of r.
Conversely, the value of u, is determined by examining the boundaries for which the line
proceeds from inside to outside (p > 0). A value of ry is calculated for each of these
boundaries and the value of u, is the minimum of the set consisting of 1 and the
calculated r values. If u; > uy, the line is completely outside the clip window and it can be
rejected. Otherwise, the end points of the clipped line are calculated from the two values
of parameter u.

This algorithm is presented in the following procedure. Line intersection parameters are
initialized to the values u; = 0 and u, = 1. For each clipping boundary, the appropriate
values for p and q are calculated and used by the function clipTest to determine whether
the line can be rejected or whether the intersection parameters are to be adjusted.

When p < 0, the parameter r is used to update u;; when p < 0O, the parameter r is used to
update us.

If updating u; or U resultsin u; > Uy, we rgject the line.

Otherwise, we update the appropriate u parameter only if the new value results in a
shortening of theline.
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When p = 0 and q < 0, we can discard the line since it is parallel to and outside of this
boundary.

If the line has not been rejected after all four values of p and g have been tested, the
endpoints of the clipped line are determined from values of u; and u,.

Conclusion

In general, the Liang-Barsky algorithm is more efficient than the Cohen Sutherland
algorithm, since intersection calculations are reduced. Each update of parameters u; and
U, requires only one division; and window intersections of the line are computed only
once, when the final values of u; and u, have computed. In contrast, the Cohen-
Sutherland algorithm can repeatedly calculate intersections along aline path, even though
the line may be completely outside the clip window, and, each intersection calculation
requires both a division and a multiplication. Both the Cohen Sutherland and the Liang
Barsky algorithms can be extended to three-dimensional clipping.
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LectureNo.15  Clipping-1|

Polygon Clipping

A polygon is usually defined by a sequence of vertices and edges. If the polygons are un-
filled, line-clipping techniques are sufficient however, if the polygons are filled, the
process in more complicated. A polygon may be fragmented into severa polygons in the
clipping process, and the original colour associated with each one. The Sutherland-
Hodgeman clipping algorithm clips any polygon against a convex clip polygon. The
Weller-Atherton clipping algorithm will clip any polygon against any clip polygon. The
polygons may even have holes.

An agorithm that clips a polygon must deal with many different cases. The case is
particularly note worthy in that the concave polygon is clipped into two separate
polygons. All in all, the task of clipping seems rather complex. Each edge of the polygon
must be tested against each edge of the clip rectangle; new edges must be added, and
existing edges must be discarded, retained, or divided. Multiple polygons may result from
clipping asingle polygon. We need an organized way to deal with all these cases.

The following example illustrates a simple case of polygon clipping.

5 o

4 —>
5\

Clip Rectangle

Given below are some examples to elaborate further.
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Polygon clipping - disjoint polygons.
|- —————=—=- - =
[
I
I
I
I

a
I
[ |
I I
I b

d - c
Polygon clipping - digoint polygons.
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Polygon clipping - open polygons.
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Polygon clipping - open polygons.

Sutherland and Hodgman's polygon-clipping algorithm

Sutherland and Hodgman's polygon-clipping algorithm uses a divide-and-conquer
strategy: It solves a series of ssimple and identical problems that, when combined, solve
the overall problem. The simple problem is to clip a polygon against a single infinite clip
edge. Four clip edges, each defining one boundary of the clip rectangle, successively clip
apolygon against a clip rectangle.

Note the difference between this strategy for a polygon and the Cohen-Sutherland
algorithm for clipping a line: The polygon clipper clips against four edges in succession,
whereas the line clipper tests outcode to see which edge is crossed, and clips only when
necessary.

Seps of Sutherland-Hodgman's polygon-clipping algorithm
e Polygons can be clipped against each edge of the window one at a time.
Windows/edge intersections, if any, are easy to find since the X or Y coordinates
are already known.
e Vertices which are kept after clipping against one window edge are saved for
clipping against the remaining edges.
¢ Note that the number of vertices usually changes and will often increase.
e Weareusing the Divide and Conquer approach.
Hereisa STEP-BY-STEP example of polygon clipping.

Four Cases of polygon clipping against one edge

The clip boundary determines a visible and invisible region. The edges from vertex i to
vertex i+1 can be one of four types:

Case 1: Wholly inside visible region - save endpoint

Case 2 : Exit visible region - save the intersection

Case 3 : Wholly outside visible region - save nothing

Case 4 : Enter visible region - save intersection and endpoint
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Because clipping against one edge is independent of all others, it is possible to arrange the
clipping stages in a pipeline. The input polygon is clipped against one edge and any
points that are kept are passed on as input to the next stage of the pipeline. In this way
four polygons can be at different stages of the clipping process simultaneously. This is
often implemented in hardware.

Example No # 1 Clipping a Polygon

Original polygon
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Clip Right
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Clip Bottom

Clip Top

Example No #2 Clipping a Rectangle

If Clipping Rectangle is denoted by dashed lines and Line is defined
by using points P1 and P2

Casei
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P, |- - - - - - - - - - - == |
| p, |
|
| P. |
| |
I |
| |
I |
I I
| |
I |
| |
| |
For each boundary b in[ L(Left), R(Right) T(Top), B(Bottom) ]
If P; outside and P, inside.
Output:
intersection Point (P1')
Point P,
Caseii
\f - - - - - - - - - = = |
[ |
[ |
| |
| P |
| |
| |
[ |
I |
| ®P. |
[ |
[ I
[ |
| |
For each boundary b in [ L(Left), R(Right), T(Top), B(Bottom) ]
If P; inside and P; inside
Output:
Point P,
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Caseiii

P.

P,

For each boundary b in [ L(Left), R(Right), T(Top), B(Bottom) ]
If P1 outside and P2 outside
Do nothing

Caseiv

For each boundary b in [ L(Left), R(Right), T(Top), B(Bottom) ]
If P, inside and P, outside (We are going from P1 to P2)
Output:

Point of intersection (P2’) only.
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Pipeline Clipping Approach

An array, s records the most recent point that was clipped for each clip-window boundary.
The main routine passes each vertex p to the clipPoint routine for clipping against the
first window boundary. If the line defined by endpoints p and s (boundary) crosses this
window boundary, the intersection is calculated and passed to the next clipping stage. If p
is inside the window, it is passed to the next clipping stage. Any point that survives
clipping against all window boundaries is then entered into the output array of points. The
array firstPoint stores for each window boundary the first point flipped against that
boundary. After all polygon vertices have been processed, a closing routine clips lines
defined by the first and last points clipped against each boundary.

Shortcoming of Sutherlands -Hodgeman Algorithm

Convex polygons are correctly clipped by the Sutherland-Hodegeman agorithm, but
concave polygons may be displayed with extraneous lines. This occurs when the clipped
polygon should have two or more separate sections. But since there is only one output
vertex list, the last vertex in the list is aways joined to the first vertex. There are severd
things we could do to correct display concave polygons. For one, we could split the
concave polygon into two or more convex polygons and process each convex polygon

separately.

Another approach to check the final vertex list for multiple vertex points along any clip
window boundary and correctly join pairs of vertices. Finaly, we could use a more
genera polygon clipper, such as wither the Weiler-Atherton algorithm or the Weliler
algorithm described in the next section.

Weiler-Atherton Polygon Clipping

In this technique, the vertex-processing procedures for window boundaries are modified
so that concave polygons are displayed correctly. This clipping procedure was developed
as a method for identifying visible surfaces, and so it can be applied with arbitrary

polygon-clipping regions.

The basic idea in this agorithm is that instead of always proceeding around the polygon
edges as vertices are processed, we sometimes want to follow the window boundaries.
Which path we follow depends on the polygon-processing direction(clockwise or
counterclockwise) and whether the pair of polygon vertices currently being processed
represents an outside-to-inside pair or an inside-to-outside pair. For clockwise processing
of polygon vertices, we use the following rules:

= For an outside-top inside pair of vertices, follow the polygon boundary
= For an inside-to-outside pair of vertices, follow the window boundary in a clockwise
direction

In following figure, the processing direction in the Wieler-Atherton algorithm and the
resulting clipped polygon is shown for arectangular clipping window.
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LectureNo.16 3D Concepts

Welcome! You are about to embark on a journey into the wondrous world of three-
dimensional computer graphics. Before we take the plunge into esoteric 3D jargon and
mathematical principles (as we will in the next lectures), let’s have a look at what the
buzzword “3D” actually means.

We have heard the term “3D” applied to everything from games to the World Wide Web
to Microsoft’s new look for Windows XP. The term 3D is often confusing because games
(and other applications) which claim to be 3D, are not really 3D. In a 3D medium, each of
our eyes views the scene from glightly different angles. This is the way we perceive the
real world. Obvioudly, the flat monitors most of us use when playing 3D games 3D
applications can't do this. However, some Virtua Redlity (VR) glasses have this
capability by using a separate TV-like screen for each eye. These VR glasses may
become common place some years from now, but today, they are not the norm. Thus, for
present-day usage, we can define “3D to mean “something using a three-dimensional
coordinate system.”

A three-dimensional coordinate system is just a fancy term for a system that measures
objects with width, height, and depth (just like the real world). Similarly, 2-dimensional
coordinate systems measure objects with width and height --- ignoring depth properties
(so unlike the real world).

3-D Data
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Shadow of a 3D object on paper

16.1 Coordinate Systems

Coordinate systems are the measured frames of reference within which geometry is
defined, manipulated and viewed. In this system, you have awell-known point that serves
as the origin (reference point), and three lines(axes) that pass through this point and are
orthogonal to each other ( at right angles — 90 degrees).

With the Cartesian coordinate system, you can define any point in space by saying how
far along each of the three axes you need to travel in order to reach the point if you start at
the origin.

Following are three types of the coordinate systems.
a) 1-D Coordinate Systems:

& &
o] > X
This system has the following characteristics:

« Direction and magnitude along a single axis, with reference to an origin
o Locations are defined by asingle coordinate
o Can define points, segments, lines, rays

o Can have multiple origins (frames of reference) and transform coordinates among
them
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b) 2-D Coordinate Systems:

0)

Ji*‘\\ 5 \.lr

d

38 (XJ)’}

A

>

« Direction and magnitude along two axes, with reference to an origin
o Locations are defined by X, y coordinate pairs
o Can define points, segments, lines, rays, curves, polygons, (any planar geometry)

o Can have multiple origins (frames of reference and transform coordinates among
them

3-D Coordinate Systems:

origin
(0,0,00

r

e 3D Cartesian coordinate systems
o Direction and magnitude along three axes, with reference to an origin
o Locations are defined by X, y, z triples

o Can define cubes, cones, spheres, etc., (volumes in space) in addition to all one-
and two-dimensional entities

o Can have multiple origins (frames of reference) and transform coordinates among
them
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16.2 Left-handed ver sus Right-handed
Y Y

Lett hand Rig ht hand

o Determines orientation of axes and direction of rotations

Thumb = pos x, Index up = posy, Middle out = pos z

Most world and object axes tend to be right handed

L eft handed axes often are used for cameras
a) Right Handed Rule:

“Right Hand Rule” for rotations: grasp axis with right hand with thumb oriented in
positive direction, fingers will then curl in direction of positive rotation for that axis.

Right handed Cartesian coordinate system describes the relationship of the X,Y, and Z
in the following manner:
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e X ispositive to the right of the origin, and negative to the | eft.
e Y ispositive above the origin, and negative below it.

e Zisnegative beyond the origin, and positive behind it.

Origin +Y
A Z
North )
+X
West East
+Z Sout
v
b) Left Handed Rule:
Origin +Y
A +Z
North
+X
West East
-Z Sout
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Left handed Cartesian coordinate system describes the relationship of the X, Y and Z
in the following manner:

e X ispositive to theright of the origin, and negative to the | eft.
e Y ispositive above the origin, and negative below it.

e Zispositive beyond the origin, and negative behind it.

Defining 3D pointsin mathematical notations
3D points can be described using simple mathematical notations

P=(X,Y,2)

Thus the origin of the Coordinate system is located at point (0,0,0), while five unitsto
the right of that position might be located at point (5,0,0).

Y -up versus Z-up:

e z-uptypically used by designers
e Yy-uptypicaly used by animators
e orientation by profession supposedly derives from past work habits

« often handled differently when moving from application to application
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16.3 Global and Local Coordinate Systems:

Yﬂ
YA .
, local (objecl'.)
%4 *  2xes
N,
/ x
z q\abl\ (Wﬁr\d)
axes

o Loca coordinate systems can be defined with respect to global coordinate system
e Locations can berelative to any of these coordinate systems

e Locations can be translated or "transformed” from one coordinate system to
another.

16.4 Multiple Frames of Referencein a 3-D Scene:

¥4 iﬂChl (ﬁbjﬂf.t) ;7. K
axnes z

g L% camera (eye)
coordinakes
v A
YA pictyure plane
4 > Caordingtes
local (nb‘)ect) =
> axes [
» |
\oba) (wor\d) -
3 axes display coordingtes

e Infact, there usually are multiple coordinate systems within any 3-D screen
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e Application data will be transformed among the various coordinate systems,
depending on what's to be accomplished during program execution

« Individual coordinate systems often are hierarchically linked within the scene

16.5 Defining pointsin C language structure

Y ou can now define any point in the 3D by saying how far east, up, and north it is
from your origin. The center of your computer screen ? it would be at a point such as
“1.5 feet east, 4.0 feet up, 7.2 feet north.” Obviously, you will want a data structure to
represent these points. An example of such a structure is shown in this code snippet:

typedef struct _POINT3D

{
float x;
float y;
float z;
}POINT3D;

POINT3D screenCenter = {1.5, 4.0, 7.2};

16.6 ThePolar Coordinate System

Cartesian systems are not the only ones we can use. We could have aso described the
object position in this way: “starting at the origin, looking east, rotate 38 degrees
northward, 65 degrees upward, and travel 7.47 feet along this line. “As you can see, this
islessintuitivein area world setting. And if you try to work out the math, it is harder to
manipulate (when we get to the sections that move points around). Because such polar
coordinates are difficult to control, they are generally not used in 3D graphics.

16.7 Using Multiple Coordinate Systems

As we start working with 3D objects, you may find that it is more efficient to work with
groups of points instead of individua single points. For example, if you want to model
your computer, you may want to store it in a structure such as that shown in this code
snippet:

typedef struct  CPU{

POINT3D center; /I the center of the CPU, in World coordinates
POINT3D coord[8]; // the 8 corners of the CPU box relative to the center point

}CPU;
In next lectures we will learn how we can show 3D point on 2D computer screen.
16.8 Defining Geometry in 3-D

Here are some definitions of the technical names that will be used in 3D lectures.

Modeling: is the process of describing an object or scene so that we can construct an
image of it.

Points & Polygons:
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origin
(0,0,00

r

o Points: three-dimensional locations (or coordinate triples)

e Vectors: - have direction and magnitude; can also be thought of as displacement

e Polygons. - sequences of “correctly” co-planar points; or an initial point and a
sequence of vectors

zé 5 i { _.—‘/\——""ig / 4 .
| i { | 3
Primitives

Primitives are the fundamental geometric entities within a given data structure.
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« We have aready touched on point, vector and polygon primitives

NOC

« Regular Polygon Primitives - square, triangle, circle, n-polygon, etc.

quad
Strip

trian gi =
Qrw

e Polygon strips or meshes

e Meshes provide a more economical description than multiple individual polygons

For example, 100 individual triangles, each requiring 3 vertices, would require
100 x 3 or 300 vertex definitions to be stored in the 3-D database.

By contrast, triangle strips require n + 2 vertex definitions for any n number or
triangles in the strip. Hence, a 100 triangle strip requires only 102 unique vertex
definitions.

e Meshes aso provide continuity across surfaces which is important for shading
calculations

|Il:ll.m\
[NV
'L

iEiaiEas

il

o 3D primitivesin a polygonal database
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3D shapes are represented by polygonal meshes that define or approximate geometric
surfaces.
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e With curved surfaces, the accuracy of the approximation is directly proportional to the
number of polygons used in the representation.

e More polygons (when well used) yield a better approximation.

e But more polygons also exact greater computational overhead, thereby degrading
interactive performance, increasing render times, etc.

Rendering - The process of computing a two dimensional image using a combination of
athree-dimensiona database, scene characteristics, and viewing transformations. Various
agorithms can be employed for rendering, depending on the needs of the application.

Tessellation - The subdivision of an entity or surface into one or more non-overlapping
primitives. Typically, renderers decompose surfaces into triangles as part of the rendering
process.

Sampling - The process of selecting a representative but finite number of values along a
continuous function sufficient to render a reasonable approximation of the function for
the task at hand.

Level of Detail (LOD) - To improve rendering efficiency when dynamically viewing a
scene, more or less detailed versions of a model may be swapped in and out of the scene
database depending on the importance (usually determined by image size) of the object in
the current view.
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Polygons and rendering

o Clockwise versus counterclockwise

2 > 5 1
| 4 I 3
5 2

Surface normal - avector that is perpendicular to a surface and “outward” facing

o Surface normals are used to determine visibility and in the calculation of shading
values (among other things)

0 A

o Convex versus concave

e A shape is convex if any two points within the shape can be connected
with a straight line that never goes out of the shape. If not, the shape is
concave.

e Concave polygons can cause problems during rendering (e.g. tears, €etc., in
apparent surface).
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S

e Polygon meshes and shared vertices

» Polygons consisting of non-co-planar vertices can cause problems when rendering
(e.g. visible tearing of the surface, etc.)

e With quad meshes, for example, vertices within polygons can be inadvertently
transformed into non-co-planer positions during modeling or animation
transformations.

e With triangle meshes, all polygons are triangles and therefore all vertices within
any given polygon will be coplanar.

With polygonal databases:

o Explicit, low-level descriptions of geometry tend to be employed

o Object database files can become very large relative to more economical, higher
order descriptions.

e Organic forms or free-form surfaces can be difficult to model.

16.9 Surface models

Hereisbrief over view of surface models;
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« Surfaces can be constructed from mathematical descriptions

e Resolution independent - surfaces can be tessellated at rendering with an
appropriate level of approximation for current display devices and/or viewing
parameters

o Tessellation can be adaptive to the local degree of curvature of a surface.

@ Conics
@ Quadrics

e Primitives

e Free-form surfaces can be built from curves

o Construction history, while also used in polygona modeling, can be particularly
useful with curve and surface modeling techniques.
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p ' <¢ A
H
curves
X
z surfaces

e Parameterization

& T

e Curvedirection and surface construction

o Surface parameterization (u, v, w) are used
o For placing texture maps, etc.

o For locating trimming curves, etc.
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M etaballs (blobby surfaces)

o Potential functions (usualy radially symmetric Gaussian functions) are used to
define surfaces surrounding points
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Texture Mapping:

The texture mapping is of the following types that we will be studying in our coming
lectures on 3D:

Perfect Mapping:
Affine Mapping

Area Subdivision
Scan-line Subdivision
Parabolic Mapping
Hyperbolic Mapping
Constant-Z Mapping

NooA~wWwNE
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Lecture No.17 3D Transformationsl|

Definition of a 3D Point

A pointissimilar to its 2D counterpart; we simply add an extra component, Z, for the 3rd
axis:

A
¥

b4

»

Points are now represented with 3 numbers: <x, y, z>. This particular method of
representing 3D space is the "left-handed” coordinate system. In the left-handed system
the x axis increases going to the right, the y axis increases going up, and the z axis
increases going into the page/screen. The right-handed system is the same but with the z-
axis pointing in the opposite direction.

Distance between Two 3D Points

The distance between two points <Ax,Ay,Az> and <Bx,By,Bz> can be found by again
using the Pythagoras theorem:

dx = Ax-Bx

dy = Ay-By

dz=AzBz

distance = sgrt(dx*dx + dy*dy + dz*dz)

Definition of a 3D Vector

Likeit's 2D counterpart, a vector can be thought of in two ways: either a point at <x,y,z>
or aline going from the origin <0,0,0> to the point <x,y,z>.

3D Vector addition and subtraction is virtually identical to the 2D case. Y ou can add a 3D
vector <vx,vy,vz>to a3D point <x,y,z> to get the new point <x'y',z’> like so:

X' =X + VX
y'=y+vy
Z=z+vz

Vectors themselves can be added by adding each of their components, or they can be
multiplied (scaled) by multiplying each component by some constant k (where k <> 0).
Scaling a vector by 2 (say) will still cause the vector to point in the same direction, but it
will now be twice as long. Of course you can aso divide the vector by k (where k <> 0)
to get asimilar result.

To calculate the length of a vector we simply calculate the distance between the origin
and the point at <x, y, z>:
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Length = | <x,y,z> - <0,0,0> |

= sgrt( (x-0)* (x-0) + (y-0)*(y-0) + (z-0)*(z-0) )
= ggrt(x*x + y*y + z*z)

Unit Vector

Often in 3D computer graphics you need to convert a vector to a unit vector, ie a vector
that pointsin the same direction but has alength of 1.

Thisis done by simply dividing each component by the length:

Let <x,y,z> beour vector, length = sqrt(x*x + y*y + z*z)
Unit vector = <xyvy,z> = | x_, vy z_|
length |length length length |

(Where length = |<x,y,z>|)

Note that if the vector is already a unit vector then the length will be 1, and the new
values will be the same asthe old.

Definition of aLine

As in 2D, we can represent a line by it's endpoints (P1 and P2) or by the parametric
equation:

P=Pl+k* (P2-P1)
Where k is some scalar value between 0 and 1

Transformations:

A static set of 3D points or other geometric shapes on screen is not very
interesting. You could just use a paint program to produce one of these. To make your
program interesting, you will want a dynamic landscape on the screen. You want the
points to move in the world coordinate system, and you even want the point-of-view
(POV) to move. In short, you want to model the real world. The process of moving points
in space is called transformation, and can be divided into translation, rotation and other
kind of transformations.

Trandation

Trandation is used to move a point, or a set of points, linearly in space, for
example, you may want to move a point “3 meters east, -2 meters up, and 4 meters
north.” Looking at this textual description, you might think that this looks very much like
a Point3D, and you would be close. But the above does not require one critical piece of
information: it does not reference the origin. The above only encapsulates direction and
distance, not an absolute point in space. This called a vector and can be represented in a
structure identical to Point3D:

struct Vector3D
float x; distance along x axes
float y; distance along y axes
float z; distance along z axes
end struct
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Vector Addition

You trandate a point by adding a vector to it; you add points and vectors by
adding the components piecewise:

Point3D point = {0, 0, 0}
Vector3D vector = {10, -3, 2.5}

Adding vector to point

point.x = point.x + vector.x;

point.y = point.y + vector.y;

point.z = point.z + vector.z;

Point will be now at the absolute point < 10,-3 2.5>. you could move it again:

point.x = point.x + vector.x;

point.y = point.y + vector.y;

point.z = point.z + vector.z;

And point would now be at the absolute point <20, -6, 5>.

In pure mathematical sense, you cannot add two points together — such an operation
makes no sense (what is Lahore plus Karachi?). However, you can subtract a point from

another in order to uncover the vector that would have to be added to the first to transate
it into the second:

Point3D p1,p2
Vector3D v;

Set pl and p2 to the desired points

V.X = p2.X —pl.x
vy =p2y-ply
vz=p2z-plz

Now you can add v to p1, you would translate it into the point p2.
The following lists the operations you can do between points and vectors:

point — point => vector

point + point = point - ( - point) => vector
vector — vector => vector

vector + vector => vector

point — vector = point + (-vector) => point
point + vector => point
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Multiplying: Scalar Multiplication

Multiplying avector by a scalar ( a number with no units), and could be coded with:

Vectorx = Vector.x * scaarVaue
Vectory = Vectory * scaarVaue
Vector.z = Vector.z * scaarVaue

If you had a vector with a length of 4 and multiplied it by 2.5, you would end up with a
vector of length 10 that points in the same direction the original vector pointed. If you
multiplied by -2.5 instead, you would still end up with a vector of length 10; but now it
would be pointing in the opposite direction of the original vector.

Multiplying: Vector Multiplication

You can multiply with vectors two other ways; both involve multiplying a vector by a
vector.

Dot Product

The dot product of two vectorsis defined by the formula:
Vector A, B

A*B=AX*Bx+Ay*By+A.z*B.z

The result of adot product is a number and has units of A’s units times B’ s units. Thus, if
you calculate the dot product for two vectors that both use feet for units, your answer will
be in square feet. However, in 3D graphics we usualy ignore the units and just treat it
like ascalar.

Consider the following definition of the dot product that is used by physicists (instead of
mathematicians):

A * B =|A|* |B| * cos(theta)

Where theta is the angle between the two vectors

Remember that |v| represents the length of vector V and is a non-negative number; we can
replace the vector lengths above and end up with:

K =|A|* |B| (therefore k > = 0)
A * B =K * cos(theta)

Therefore;
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A * B => cos(theta)

Where “=>" means “directly correlates to.” Now, if you remember, the cos(theta)
function has the following properties:

cos(theta) > 0 iff thetaisless than 90 degrees or greater than 270 degrees
cos(theta) < iff thetais greater than 90 degrees and less than 270 degrees
cos(theta) = 0 iff thetais 90 degrees or 270 degrees

We can extend this to the dot product of two vectors, since it directly correlates to the
angle between the two vectors:

A*B > 0iff the angle between them is less than 90 or greater than 270 degrees
A*B < 0iff the angle between them is greater than 90 and |ess than 270 degrees
A*B = 0iff the angle between them is 90 or 270 degrees (they are orthogonal).

Use of Dot Product

Assume you have a point of view at < px,py,pz>. It is looking along the vector
<vx,vy,vz>, and you have a point in space <x,y,z> you want to know if the point—of-view
can possible see the point, of if the point is“behind “ the POV, as shown in figure.

Direction of View
<VX,VYy,VZ>

Point of View
<px,py,pz>

Test vector Point
<tx, ty, tz> <X,Y,2>

Point3D pov;

Vector3D povDir;
Point3D test;

Vector3D vTest

float dotProduct;
vTest.x = pov.x —test.x;
vTest.y = pov.y —test.y;
vTest.z = pov.z —test.z;
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dotProduct == vTest.x* povDir.x + vTest.y*povDir.y + vTest.z* povDir.z;

if(dotProduct > 0)
point is“in front of “ POV
elseif (dotProduct < 0)
point is “behind” POV
else
point is orthogonal to the POV direction

Cross Product

Another kind of multiplication that you can do with vectors is called the cross product
thisis defined as:
Vector A, B

AXB=<Ay*Bz-Az*By,Az*Bx—-AXx*Bz AX*By—-Ay*Bx>
For physicists:

|A x B| =]A| * |B| sin(theta)

Where theta is the angle between the two vectors.

The above formulafor A x B came from the determinate of order 3 of the matrix:

| X Y Z|
Ax Ay Az
Bx By B.z

Transformations
The process of moving points in space is called transformation.
Types of Transformation

There are various types of transformations as we have seen in case of 2D transformations.
These include:

a) Trandation

b) Rotation

c) Scaing

d) Reflection

e) Shearing

Trandation

Trandation is used to move a point, or a set of points, linearly in space. Since now we are
talking about 3D, therefore each point has 3 coordinates i.e. X, y and z. similarly, the
trangation distances can aso be specified in any of the 3 dimensions. These Trandation
Distances are given by tx, ty and tz.
For any point P(x,y,z) after translation we have P'(x',y’,z") where

X' =X +1X,

y'=y+ty,
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Z=z+tz
and (tx, ty , tz) is Translation vector

Now this can be expressed as a single matrix equation:

P=P+T

Where:
X X' t,
P = y P': y' T = ty
z z' t,

3D Trandation Example

We may want to move a point “3 meters east, -2 meters up, and 4 meters north.” What
would be done in such event?

Stepsfor Trandation

Given apoint in 3D and a translation vector, it can be translated as follows:

Point3D point = (0, 0, 0)

Vector3D vector = (10, -3, 2.5)
Adding vector to point

point.x = point.X + vector.x;

point.y = point.y + vector.y;

point.z = point.z + vector.z;
And finally we have trandlated point.

Homogeneous Coor dinates

Anaogous to their 2D Counterpart, the homogeneous coordinates for 3D translation can
be expressed as :

x' 1 00t ||x
y'l1 1010ty
2| 1001 t]lz
1 0 00 1|1
Abbreviated as:

P=T(xtytz). P
On solving the RHS of the matrix eguation, we get:

X' X+t,
y' _ y+t,
z' Z+t,
1 1

Which shows that each of the 3 coordinates gets translated by the corresponding
trangd ation distance.
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LectureNo0.18 3D Transformations||

Rotation

Rotation is the process of moving a point in space in a non-linear manner. More
particularly, it involves moving the point from one position on a sphere whose center is at
the origin to another position on the sphere. Why would you want to do something like
this? Aswe will show in later section, alowing the point of view to move around is only
an illusion — projection requires that the POV be at the origin. When the user thinks the
POV is moving, you are actually translating all your points in the opposite direction; and
when the user thinks the POV is looking down a new vector, you are actually rotating all
the points in the opposite direction; and when the user thinks the POV is looking down a
new vector, you are actually rotating all the points in the opposite direction.

Normalization: Note that this process of moving your points so that your POV is at the
origin looking down the +Z axisis called normalization.

Rotation a point requires that you know
the coordinates for the point, and
That you know the rotation angles.

You need to know three different angles: how far to rotate around the X axis( YZ
rotation, or “pitch”); how far to rotate around the Y axis (XZ plane, or “yaw”); and how
far to rotate around the Z axis (XY rotation, or “roll”). Conceptually, you do the three
rotations separately. First, you rotate around one axis, followed by another, then the last.
The order of rotations is important when you cascade rotations; we will rotate first around
the Z axis, then around the X axis, and finally around the Y axis.

To show how the rotation formulas are derived, let’ s rotate the point <x,y,z> around the Z
axis with an angle of 6 degrees.

ROLL:-
y

(a)

If you look closely, you should note that when we rotate around the Z axis, the Z element
of the point does not change. In fact, we can just ignore the Z — we aready know what it
will be after the rotation. If we ignore the Z element, then we have the same case as if we
were rotating the two-dimensional point <x,y> through the angle 6.
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Thisisthe way to rotate a 2-D point. For simplicity, consider the pivot at origin and rotate
point P (x,y) wherex =r cos® andy =r sind
If rotated by 0 then:
X' =rcos(d + 0)
=r cosd cosh —r sind sinb
and
y' =rsin(® + 0)
=r cosd sind + r sin® cosd

+
& Rezuft

'y

(x.¥)

-
L 4

Replacing r cos® with x and r sind with y, we have:

X' =X cosh —y sinf

and

y'=Xsino +y cosd

and

Z' =z (asit does not change when rotating around z-axis)

®! = xcosfl - ysind
y' = xsind + ycosf

m Now for rotation around other axes, cyclic permutation helps
form the equations for yaw and pitch as well:

X Y
In the above equations replacing x with y and y with z gives
equations for rotation around x-axis. Now in the modified

equations if we replace y with z and z with x then we get the
equations for rotation around y-axis.

184

© Copyright Virtual University of Pakistan



18-3D Transformations |1 VU

Rotation about x-axis (i.e. in yz plane):

x' =X
y' =y cos) —zsno
z =y sind + z cosd

Rotation about y-axis (i.e. in xz plane):

X' =zsnd+ x cosd
y' =y _
zZ =zcosh —x sind

Using Matricesto create 3D

A matrix is usually defined as a two-dimensional array of numbers. However, | think you
will find it much more useful to think of a matrix as an array of vectors. When we talk
about vectors, what it really mean is an ordered set of numbers ( a tuple in mathematics
terms). We can use 3D graphics vectors and points interchangeably for this, since they are
both 3-tuples ( or triples).

In general we work with “square” matrices. This means that the number of vectorsin the
matrix is the same as the number of elements in the vectors that comprise it.
Mathematically, we show a matrix as a 2-D array of numbers surrounded by vertical
lines. For example:

X1 yl z1|
x2 y2 22|
X3  y3 z3|

we designate this as a 3*3 matrix ( the first 3 is the number of rows, and the second 3 is
the number of columns).

The “rows’ of the matrix are the horizontal vectors that make it up; in this case, <x1,
y1,z1>, <x2)y2,z2>, and <x3,y3,z3>. In mathematics, we cal the vertical vectors
“columns.” Inthis case they are < x1,x2,x3>, <y1y2,y3> and <z1,z2,z3>.

The most important thing we do with a matrix is to multiply it by a vector or another
matrix. We follow one simple rule when multiplying something by a matrix: multiply
each column by a multiplicand and store this as an element in the result. Now as | said
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earlier, you can consider each column to be a vector, so when we multiply by a matrix,
we are just doing a bunch of vector multiplies. So which vector multiply do you use-the
dot product, or the crosss product? Y ou use the dot product.

We also follow on simple rule when multiplying a matrix by something: mubliply each ro
by the multiplier. Again, rows are just vectors, and the type of ultiplicaiton is the dot
product.

Let's look at some examples. First, let’s assume that | have a matrix M, and | want to
multiply it by a point < x,y,z>, the first ting | know is that the vector rows of the matrix
must contain three elements (in other words, three columns). Why ? because | have to
multiply those rows by my point using a dot product, and to do that, the two vectors must
have the same number of element. Since | am going to get dot product for each row in M,
I will end up with atuple that has one element for each row in M. as | stated earlier, we
work almost exclusively with square matrices, since | must have three columns, M will
also have three rows. Lets see:

1 O 0|
<xy,z>*10 1 0 ={<x,y,2>*< 1,0,0> <x,y,z><0,1,0>,<x,y,z> *<0,0,1>} ={ x,y,z}
0 O 1

Using Matricesfor Rotation

Roll (rotate about the Z axis):

X'l [cos@ -sin@ 0 Offx
y' sng cosd 0O Ofly
z7l o 0o 10|z
1 0 0 0 1|1

Pitch (rotate about the X axis):

X' 1 0 0 0|l x
y'| |0 cos@ -singd O||y
z|7lo sno cose 0l z
1] [0 O 0 1)1
Y aw (rotate about the Y axis):
X' cos# 0 snfd 0O} x
y' 0 1 0 Oy
7| |-sno 0 coso 0l z
1 0 0O 0 1|1
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Y
then trans.
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Example:

To show this happening, let's manually rotate the point <2,0,0> 45 degrees clockwise
about the z axis.
v'=R, (45)v

[ 0707 0707 0] [2
v'=|-0.707 0.707 0(x|0
[ 0o o 1o

[2%x0.707 +0x0.707 + 0% 0
vi=|2x=0.707 +0x0.707 + 0= 0
2x0+0x0+0x0

[ 1.414

vi=|-1.414

0

Now you can take an object and apply a sequence of transformations to it to make it do
whatever you want. All you need to do is figure out the sequence of transformations
needed and then apply the sequence to each of the points in the model.

As an example, let's say you want to rotate an object sitting at a certain point p around its

z axis. You would perform the following sequence of transformations to achieve this:
v = vT(-p)

v= vR,[F-]
2

v=vT(p)

The first transformation moves a point such that it is situated about the world origin
instead of being situated about the point p. The next one rotates it (remember, you can
only rotate about the origin, not arbitrary points in space). Finally, after the point is
rotated, you want to move it back so that it is situated about p. The final translation
accomplishesthis.
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Rotation w.r.t. Arbitrary Axis:

If an object is required to be rotated with respect to a line acting as an axis of rotation,
arbitrarily, then the problem is addressed using multiple transformations. Let us assume
that such an arbitrary axisis parallel to one of the coordinate axes, say x-axis.

y
Ropes.~~
Alion =~
4 X
(a)

Original Position of Object

The first step in such case would be to translate the object such that the arbitrary axis
coincides with the x-axis.

y

Zz X

(b)
Translate Rotation Axis onto x Axis
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The next step would be to rotate the object w.r.t. x-axis through angle 0.

y

/

z

P

(c)

Rotate Object Through Angle ¢

Then the object is translated such that the arbitrary axis gets back to its original position.

y

Rota,.
S se - f&
A
(d)

Translate Rotation
Axis to Original Position

And thusthejob is done.

An interesting usage of compound transformations:-
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Now, if the arbitrary axisis not parallel to any of the coordinate axes, then the problem is
dlightly more difficult. 1t only adds to the number of steps required to get the job done.
Let P1, P2 bethe line arbitrary axis.

y /

Initial
Position

In the first step, the tranglation takes place that coincides the point P1 to the origin. Points
after thisstep are P1’ and P2'.
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y I »
o P,
!
_!
ol
/ X
!/
z i
Step 1
Translate

P, to the Origin

Now the arbitrary axisis rotated such that the point P2’ rotates to become P2’ and lies on
the z-axis.

Step 2
Rotate P,
onto the z Axis
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v
P; o
Py ' X
- ‘/ B
b 4
Step 3
Rotate the
Object Around the
Z Axis

In the next step the object of interest is rotated around z-axis.

Step 4
Rotate the Axis
to the Original

Orientation

Now the object of interest is rotated about origin such that the arbitrary axisis poised like
in above figure. Point P2’ gets back to its previous position P2'.
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Step 5
Translate the
Rotation Axis
to the Original

Position

Finally the translation takes place to position the arbitrary axis back to its origina
position.

Scaling

Coordinate transformations for scaling relative to the origin are
X =X .SX
Y =Y.Sy
=27z

Scaling an object with transformation changes the size of the object and reposition the
object relative to the coordinate origin. If the transformation parameters are not all equal,
relative dimensions in the object are changed.

Uniform Scaling : We preserve the original shape of an object with a uniform scaling (
Sx =8y =Sz

Differential Scaling : We do not preserve the original shape of an object with a
differential scaling ( Sx <> Sy <> Sz)
Scaling relative to the coordinate Origin:

Scaling transformation of a position P = (X, vy, z) relative to the coordinate origin
can be written as

S 0 0 0]
0S 00
0 0 S, 0
0 0 0 1]

Scaling with respect to a selected fixed position:
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Scaling with respect to a selected fixed position (Xt,Y+,Z) can be represented with the
following transformation sequence:

Translate the fixed point to the origin.
Scale the object relative to the coordinate origin
Tranglate the fixed point back to its original position

For these three transformations we can have composite transformation matrix by
multiplying three matrices into one

1 0 0 X,|[s, 0 0 OJ][1 00 -X,
010 Y |0 S 0 0/[010 -Y
001 Zz |0 0 s o0fjl0 01 -z
000 1|0 0 O 1j//0 00 1
'S, 0 0 (1-S)X,
0 S, 0 (1-S)Y,
0 0 S @(1-S)z
0 0 O 1]

X' = X% 5%

YR uay

2P =L *x52

Reflection

A three-dimensional reflection can be performed relative to a selected reflection axis or
with respect to a selected reflection plane. In genera, three-dimensional reflection
matrices are set up similarly to those for two dimensions. Reflections relative to a given
axis are equivaent to 180 degree rotations.

The matrix representation for this reflection of pointsrelative to the X axis

1 0 00
0 -100
00 10
0 0 0 1]
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The matrix representation for thisreflection of pointsrelative to the'Y axis

0
1
0
0

0
0
1
0

The matrix representation for this reflection of pointsrelative to the xy planeis

1
0
0

o O B+

0

Shears

0 0]
0 0
-1 0
0 1]

Shearing transformations can be used to modify object shapes.
As an example of three-dimensional shearing, the following transformation produces a

Z-axis shear:

o O O B+

o O+~ O

O T O

R O O O

Parameters a and b can be assigned and real values. The effect of this transformation
matrix is to ater x and y- coordinate values by an amount that is proportional to the z
value, while leaving the z coordinate unchanged.

y-axis Shear

X-axis Shear

1
o O T k-

1

o O O

0

o O+ O o o0 = 9
o+ O O o +— O

0

O O

R O O O
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LectureNo0.19  Projections

For centuries, artists, engineers, designers, drafters, and architects have been facing
difficulties and constraints imposed by the problem of representing a three-dimensional
object or scene in a two-dimensional medium -- the problem of projection. The
implementers of a computer graphics system face the same challenge.

Projection can be defined as a mapping of point P(x,y,z) onto itsimage P (x',y ,z") in the
projection plane or view plane, which constitutes the display surface. The mapping is
determined by a projection line called the projector that passes through P and intersects
the view plane.

Y
Fiz. v.z)

P,

rojector
By,

Frojecti
plane

M

=

The Problem of Frojection

There are two basic methods of projection

Parallel Projection
Perspective Projection

These methods are used to solve the basic problems of pictoria representations

We characterize each method and introduce the mathematical description of the
projection process respectively.

Taxonomy of Projection

We can construct different projections according to the view that is desired.

Following figure provides taxonomy of the families of perspective and parallel
projections. Some projections have names — cavalier, cabinet, isometric, and so on. Other
projections qualify the main type of projection — one principal vanishing—point
perspective and so forth.
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Projections
Perspective Parallel
/ ‘ \ | |
Orthographic Ok 14 eu
One Poine  Two Poine Three Point ) ' ) ) : E.
Cons Pritcgsl (‘Two Principal("Thase Principal [Projectors pempendicular to wein Projectors nat permendicular to
atiching vanishing point)  vauishing poin) plane] weil plane
poit ) | | c 1
eriera
Multiview Axonometric
(o plane parale] i e / AN
to principal planes) not paralle] to
principal planes) Canalier Cabinet
S ometric Dritnetric Trimetric

Toxonomny of Projection

Parallel Projection

Parallel projection methods are used by drafters and engineers to create working drawings
of an object which preserves its scale and shape. The complete representation of these
details often requires two or more views (projections) of the object onto different view
planes.

In parallel projection, image points are found as the intersection of the view plane with a
projector drawn from the object point and having a fixed direction. The direction of
projection is the prescribed direction for al projections. Orthographic projections are
characterized by the fact that the direction of projection is perpendicular to the view
plane. When the direction of projection is paralel to any of the principal axes, this
produces the front, top, and side views of mechanical drawings (also referred to as multi
view drawings).

Axonometric projections are orthographic projections in which the direction of projection
is not parallel to any of the three principal axes. Non orthographic parallel projections
are called oblique parallel projection.

Mathematical Description of a Parallel Projection

Projection rays (projectors) emanate from a Center of Projection (COP) and intersect
Projection Plane (PP). The COP for paralel projectorsis at infinity. The length of aline
on the projection plane is the same as the "true Length".
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Parallel \
Lines

There are two different types of parallel projections:

Orthographic

Oblique

1) Orthographic Projection

If the direction of projection is perpendicular to the projection plane then it is an
orthographic projection.

Projection plane

A Vp

Drthographic projection

Look at the paralel projection of a point (X, y, z). (Note the left handed coordinate
system). The projection planeisat z = 0. x, y are the orthographic projection values and
Xp, yp are the oblique projection values (at angle awith the projection plane)
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Look at orthographic projection: it is simple, just discard the z coordinates. Engineering
drawings frequently use front, side, top orthographic views of an object.

Axonometric orthographic projection

Orthographic projections that show more than one side of an object are called
axonometric orthographic projections.

Here are three orthographic views of an object.

Top view

Side view

Front view

There are three axonometric projections
isometric
Dimetric
Trimetric
1) Isometric
The most common axonometric projection is an isometric projection where the
projection plane intersects each coordinate axis in the model coordinate system at an
equal distance or the direction of projection makes equal angles with all of the three
principal axes
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Z

The projection plane intersects the X, y, z axes at equal distances and the projection plane
Normal makes an equal angle with the three axes.

To form an orthographic projection xp = x, yp=Y , zp = 0. To form different types e.g.,
| sometric, just manipulate object with 3D transformations.

2) Dimetric

The direction of projection makes equal angles with exactly two of the principal axes

3) Trimetric

The direction of projection makes unequal angles with the three principal axes

Oblique Projection

If the direction of projection is not perpendicular to the projection plane then it is an
oblique projection.

Projection plane

Vp

Obhlhque Projection

The projectors are not perpendicular to the projection plane but are parallel from the
object to the projection plane.
Transformation equations for an orthographic paralel projection are straightforward. If
the view plane is placed at position Zvp aong the Z axis, Then any point (x,y,z) in
viewing coordinates is transformed to projection coordinates as.

Xp=x

Yp=y
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Where the original Z-coordinate value is preserved for the depth information needed in
depth cueing and visible-surface determination procedures.

An oblique projection is obtained by projecting points along parallel lines that are
not perpendicular to the projection plane. In some applications packages, an oblique
projection vector is specified with two angles, alpha and phi, as shown in the figure. Point
(x,y,2) is projected to position(Xp,Yp) on the view plane. Orthographic projection
coordinates on the plane are (x,y). The oblique projection line from (x,y,z) to (Xp,Yp)
makes an angle apha with the line on the projection plane that joins (Xp,Yp) and (X, Y).
This line, of length L, is a an angle phi with the horizontal direction in the projection
plane. We can express the projection coordinatesin terms of x, y, L, and phi as

¥

Angle

Llpha
F X
(H5p,Tp)
(X,Y,2) < 1

2 (KT

Anigle Phi

Figure: 0blique Projection of coordinate position
1%, ¥,2) Lo position (¥p,Tp) on the wiew plane

cos(phi) = Xp—x/L
sin(phi) =Yp-y/L
Xp=x+ L cos(phi)
Yp =y + L sin(phi)
Length L depends on the angle apha and the z coordinate of the point to be projected:
tan (alpha) =z /L
Thus,
L =z* 1/ tan (apha)
L=z*L1
Where L1 is the inverse of tan(alpha), which is aso the value of L when z = 1, we can
then write the oblique projection equations.
Xp=x+z(L1cos(phi))
Yp=y+z(L1sin(phi))
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The transformation matrix for producing any parallel projection onto the xy plane can be
written as

1 1] Ll co={phi} 0

1} 1 Ll =in{phi) 0
Parallel M =

0 0 0 0

0 0 0 1

Now if Alpha=90° (projection line is perpendicular to Projection Plane) then
tan (Alpha) = infinity => L1 = 0, so have an orthographic projection.

Two special cases of oblique projection

Cavalier

Cabinet

1) Cavalier

Alpha = 45°, tan (Alpha) = 1 => L1 = 1 thisis a Cavalier projection such that al lines
perpendicular to the projection plane are projected with no change in length.

L =L .

=2 2 cubes w,
Ly Cavalier Pmoj
Lo 45° 30°

2) Cabinet
tan (Alpha) = 2, Alpha= 63.40°,L1=1/2

Lines which are perpendicular to the projection plane are projected at 1/ 2 length. Thisis
aCabinet projection
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LectureNo0.20  Perspective Projection

Now that you have a structure that can store a three dimensional point (Point3D), how do
you calculate the corresponding screen pixel? First, let's look at what you are modeling.
Following figure shows how it would look.

—

" +¥Y
+Z

/ \ +X

Point of view

SCreen

This is a mathematical task as pictured. However, we can make it much simpler if we
impose the following requirements:
the point of View (POV) must lie on the Z axis, and
the screen plane must be parallel to the X-Y plane,
with the left and right edges of the screen parallel to the Y axis, and
the top and bottom edges of the screen parallel to the X axis,
for your view to come out correctly, you will aso want the Z axis to pass through
the middle of the screen.
Why?
The POV represents the viewer's eye, and we presume that the viewer will be
behind the center of the screen.
Note: We will use Left hand rule to describe 3D coordinate system.
Two common approaches are used with this;
1. The first approach is where the POV is at some point (0, O, -z) and the screen lies on
the X-Y plane, graphically, thislooks like figure given below:
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2. The second approach is where the POV lies at the origin, and the screen lies on a plane
at some +z coordinate, as shown in figure given below:

+¥
Point

4
7

/ SCoreen
f/jff/f Point of view

at origin

+X

Aswe will seelater, this second approach is much more convenient when we add features
making it possible for the POV to move around the 3D world or for objects to move
around in the world.

Calculating the screen pixel that correlates to a 3D point is how a matter of simple
geometry. From a viewpoint above the screen and POV (looking at the X-Z plane), the
geometry appears like the one shown in figure below:
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+X
Screen Point
P
S
Point of
view at -+ A B C ?
origin *

In geometric terms, we say that the triangle from A to B to S is similar to the triangle
from A to C to P because the three angles that make up the triangles are the same: the
angle from AB to AS is the same as the angle from AC to AP, the two right angles are
both 90 degrees, and therefore the remaining two angles are the same ( the sum of the
anglesin atriangle is aways 180 degrees). What also holds true from similar trianglesis
that the ratio of two sides holds between the similar triangles; this means that the ratio of
BS to AB is the same as the ratio of CP to AC. But we know what AB is-it is Screen.z!
and we know what AC is-it is point.z! and we know what CP is-it is point.x! Therefore:
|BS|/ |AB|=|CP|/|AC]

IBS| = |AB| * |CP|/ |AC|

|BS| = Screen.z * point.x / point.z

Screen.z is the distance d from the point of view at origin or the scaling factor.

Notice that [BS] is the length of the line segment that goes from B to Sin world units. But
we normally address the screen with the point (0,0) at the top left, with +X pixels moving
to theright, and +Y pixels moving down—and not from the middle of the screen. And we
draw to the screen in pixel units — not our world units (unless, of course, 1.0 in your
world represents one pixel).

There is a fina transformation that the points must go through in the transformation
process. This transformation maps 3D points defined with respect to the view origin (in
view space) and turns them into 2D points that can be drawn on the display. After
transforming and clipping the polygons that make up the scene such that they are visible
on the screen, the final step is to move them into 2D coordinates, since in order to
actually draw things on the screen you need to have absolute x, y coordinates on the
screen to draw.

The way this used to be done was without matrices, just as an explicit projection
calculation. The point (x,y,z) would be mapped to (X, y) using the following equations
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X
x'=scale— + xCenter
z

y'= height - [scm‘ei + yCenter)
z

Where xCenter and yCenter were half of the width and height of the screen respectively,
these days more complex equations are used, especially since there is now the need to
make provisions for z-buffering. While you want x and y to still behave the same way,
you don't want to use avalue as arbitrary as scale.

Instead, a better value to use in the calculation of the projection matrix is the horizontal
field of view (fov). The horizontal fov will be hard coded, and the code chooses a vertical
field of view that will keep the aspect ratio of the screen. This makes sense: Y ou couldn't
get away with using the same field of view for both horizontal and vertical directions
unless the screen was square; it would end up looking vertically squashed.

Finally, you also want to scale the z values appropriately. In future, We'l teach you about
z-buffering, but for right now just make note of an important feature: They let you clip
out certain values of z-range. Given the two variables z,e and z:4, nothing in front of zyex
will be drawn, nor will anything behind z,. To make the z-buffer work swimmingly on
all ranges of z,eyr and z:4, YOu need to scale the valid z values to the range of 0.0 to 1.0.

The Per spective Projection Matrix
The aspect ratio of screen, width and height is calculated as

_ height
width
. cos(fov)
sin(fov)
_ cos(fov)
sin(fov)
z
q=—=

With these parameters, the following projection matrix can be made:

w 0 0 0
0 h 0 0
00 q I
0 0 —-q(z,.) O

Just for a sanity check, check out the result of this matrix multiplication:

w 0 0 0

oh 0 0
By, o |tk W i) 3

0 0 -q(Zp) O
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This is amost the result wanted, but there is more work to be done. Remember that in
order to extract the Cartesian (X,y,2) coordinates from the vector, the homogenous w
component must be 1.0. Since, after the multiplication, it's set to z (which can be any
value), all four components need to be divided by z to normalize it (and have the
homogeneity factor equal 1). This gives the following Cartesian coordinate:

[ﬂ hy q[|_M] |]
z z z

Asyou can see, thisis exactly what was wanted. The width and height are still scaled by
values as in the above equation and they are till divided by z. The visible x and y pixels
are mapped to [—1,1], so before rasterization Application multiplies and adds the number
by xCenter or yCenter. This, in essence, maps the coordinates from [—1,1] to [O,width]
and [0,height].

With this last piece of the puzzle, it is now possible to create the entire transformation
pipeline. When you want to render a scene, you set up a world matrix (to transform an
object's local coordinate points into world space), a view matrix (to transform world
coordinate points into a space relative to the viewer), and a projection matrix (to take
those viewer-relative points and project them onto a 2D surface so that they can be drawn
on the screen). You then multiply the world, view, and projection matrices together (in
that order) to get atotal matrix that transforms points from object space to screen space.

Viworld = 1"“'Illauca.lNII'I.»«W:rh:.‘I
Vyiew = YworidMview
¥ =5 Mprujectinn

Vscreen = Yiocal &world"view"nmieﬂion )

To draw a triangle, for example, you would take its local space points defining its three
corners and multiply them by the transformation matrix. Then you have to remember to
divide through by the w component. The points are now in screen space and can be filled
in using a 2D raster algorithm. Drawing multiple objectsis a snap, too. For each object in
the scene al you need to do is change the world matrix and reconstruct the total
transformation matrix.

The Per spective Projection Matrix Used by Microsoft Direct3D

The projection matrix is typically a scale and perspective projection. The projection
transformation converts the viewing frustum into a cuboid shape. Because the near end of
the viewing frustum is smaller than the far end, this has the effect of expanding objects
that are near to the camera; thisis how perspective is applied to the scene.

The Viewing Frustum

A viewing frustum is 3-D volume in a scene positioned relative to the viewport's camera.
The shape of the volume affects how models are projected from camera space onto the
screen. The most common type of projection, a perspective projection, is responsible for
making objects near the camera appear bigger than objects in the distance. For
perspective viewing, the viewing frustum can be visualized as a pyramid, with the camera
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positioned at the tip. This pyramid is intersected by a front and back clipping plane. The
volume within the pyramid between the front and back clipping planes is the viewing
frustum. Objects are visible only when they arein this volume.

Wienwing Frustum

Back Clipping
Plane

Front Clipping
Plane

If you imagine that you are standing in a dark room and looking through a square
window, you are visualizing a viewing frustum. In this analogy, the near clipping planeis
the window, and the back clipping plane is whatever finally interrupts your view—the
skyscraper across the street, the mountains in the distance, or nothing at all. You can see
everything inside the truncated pyramid that starts at the window and ends with whatever
interrupts your view, and you can see nothing else.

The viewing frustum is defined by fov (field of view) and by the distances of the front and
back clipping planes, specified in z-coordinates.

.__ﬂ.-"'

Fy Screen
Far Plane

fovid

Cﬂmera/ ZFRaNT Zpazie
Position

In this illustration, the variable D is the distance from the camera to the origin of the
space that was defined in the last part of the geometry pipeline—the viewing
transformation. This is the space around which you arrange the limits of your viewing
frustum. For information about how this D variable is used to build the projection matrix
TheMatrix

In the viewing frustum, the distance between the camera and the origin of the viewing
transformation space is defined arbitrarily as D, so the projection matrix looks like:
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e
o010 0
oo 1 Y
00 0 1

The viewing matrix translates the camera to the origin by trandating in the z direction by
- D. Thetrandation matrix is as follows:

1 0 0 0

8 e Eakr o B e
T=

B ool Belensy

o0 -1

Multiplying the trandlation matrix by the projection matrix (T*P) gives the composite
projection matrix. It looks like:

10 0 0
01 0 0
00 1 W
00 -0 0

The following illustration shows how the perspective transformation converts a viewing
frustum into a new coordinate space. Notice that the frustum becomes cuboid and also
that the origin moves from the upper-right corner of the scene to the center.

¥ L %

Wignving /I

frustum T ..,\

Camera position 7 F

-1,-1,00

In the perspective transformation, the limits of the x- and y-directions are -1 and 1. The
limits of the z-direction are O for the front plane and 1 for the back plane.

This matrix translates and scales objects based on a specified distance from the camera to
the near clipping plane, but it doesn't consider the field of view (fov), and the z-values that
it produces for objects in the distance can be nearly identical, making depth comparisons
difficult. The following matrix addresses these issues, and it adjusts vertices to account
for the aspect ratio of the viewport, making it a good choice for the perspective
projection.
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height
aspect = width
e cos(fov)
sin(fov)
_ cos(fov)
- sin(fov)
q= —&
Zfar ~ Zpear
w 0 0 0
R 0 0
00 @ 1
o0 -gZ, 0

In this matrix, Z, is the z-value of the near clipping plane. The variablesw, h, and Q have
the following meanings. Note that fov, and fov, represent the viewport's horizontal and

vertical fields of view, in radians.

e 7))
b= cot[ fav%]

0-4

z,-Z,
For your application, using field-of-view angles to define the x- and y-scaling coefficients
might not be as convenient as using the viewport's horizontal and vertical dimensions (in
camera space). As the math works out, the following two formulas for w and h use the
viewport's dimensions, and are equivalent to the preceding formulas.

2z,
"t

2z,
"

In these formulas, Z, represents the position of the near clipping plane, and the V,, and V,,
variables represent the width and height of the viewport, in camera space.
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LectureNo.21  Trianglesand Planes
Triangles

Triangles are to 3D graphics what pixels are to 2D graphics. Every PC hardware
accelerator under the sun uses triangles as the fundamental drawing primitive (well ...
scan line aligned trapezoids actualy, but that's a hardware implementation issue). When
you draw a polygon, hardware devices really draw afan of triangles. Triangles "flesh out"
a 3D object, connecting them together to form a skin or mesh that defines the boundary
surface of an object. Triangles, like polygons, generaly have an orientation associated
with them, to help in normal calculations. The ordering of the vertices goes clockwise
around the triangle. Figure below shows what a clockwise ordered triangle would look
like.

point 0:<-1.0, 3.0, 0.0> note the
point 1:<3.0, 2.0, 0.0> 7\ clockwiss
point 2:<-2.0, -3.0, 0.0> a winding ordar

Figure: Three points in space, and the triangle connecting them
When defining a mesh of triangles that define the boundary of a solid, you set it up so that
al of the triangles aong the skin are ordered clockwise when viewed from the outside.

It is impossible to see triangles that face away from you. (You can find this out by
computing the triangle's plane normal and performing a dot product with a vector from
the cameralocation to alocation on the plane.)

Now let's move on to the code. To help facilitate using the multiple types, I'll implement
triangles structure. | only define constructors and keep the access public.

struct tri
{

type v[3]; /I Array access useful for loops

tri()
{

}
tri( type vO, type vl, typev2)

/I nothing
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{
v[0] = VO0;
v[1] =vi;
v[2] =v2;
}

1

Stripsand Fans

Lists of triangles are generally represented in one of three ways. The first is an explicit
list or array of triangles, where every three elements represent a new triangle. However,
there are two additional representations, designed to save bandwidth while sending
triangles to dedicated hardware to draw them. They are called triangle strips and triangle
fans.

Triangle fans, conceptualy, look like the folding fans you see in Asian souvenir shops.
They arealist of triangles that all share acommon point. The first three elementsindicate
the first triangle. Then each new element is combined with the first element and the
current last element to form a new triangle. Note that an N-sided polygon can be
represented efficiently using atriangle fan

Figure below illustrates what 1I'm talking about.

point 0:<-1.0, 3.0, 0.0>
paoint 1:<1.0, 3.0, 0.0
point 2:<3.5, 0.5, 0.0>
point 3:<3.0, -2.0, 0.0>
point 4:<-2.0, -3.0, 0.0>
point 5:<-3.0, 1.0, 0.0

Figure: A list of points composing atriangle fan

Triangles in atriangle strip, instead of sharing a common element with al other triangles
like a fan, only share elements with the triangle immediately preceding them. The first
three elements define the first triangle. Then each subsequent element is combined with
the two elements before it, in clockwise order, to create a new triangle. See Figure below
for an explanation of strips.
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point 0:=-3.0, 1.0, 0.0>

paint 1:<-2.0, 1.5, 0.0>

point 2:=-2.0, -1.5, 0.0>

point 3:<0.0, 1.0, 0.0=

point 4:<0.5, -2.0, 0.0> 1
point 5:=2.0, 1.0, 0.0>

0

Figure: A list of points composing atriangle strip

Planes

The next primitive to discuss is the plane. Planes are to 3D what lines are in 2D; they're
n-1 dimensional hyperplanes that can help you accomplish various tasks. Planes are
defined as infinitely large, infinitely thin slices of space, like big pieces of paper.
Triangles that make up your model each exist in their own plane. When you have a plane
that represents a slice of 3D space, you can perform operations like classification of
points and polygons and clipping.

So how do you represent planes? Well it is best to build a structure from the equation that
definesaplanein 3D. The implicit equation for aplaneis:

ax+by+cz+d=0

What do these numbers represent? The triplet <a,b,c> represents what is caled the
normal of the plane. A normal is a unit vector that, conceptually speaking, sticks directly
out of a plane. A stronger mathematical definition would be that the normal is a vector
that is perpendicular to all of the pointsthat lie in the plane.

The d component in the equation represents the distance from the plane to the origin. The
distance is computed by tracing a line towards the plane until you hit it. Finally the triplet
<x,y,Z> is any point that satisfies the equation. The set of al points <x,y,z> that solve the
equation is exactly al the points that lie in the plane.

All of the pictures I'm showing you will be of the top-down variety, and the 3D planes
will be on edge, appearing as 2D lines. This makes figure drawing much easier.

Following are two examples of planes. The first has the normal pointing away from the
origin, which causes d to be negative (try some sample values for yourself if this doesn't
make sense). The second has the normal pointing towards the origin, so d is positive. Of
course, if the plane goes through the origin, d is zero (the distance from the plane to the
origin iszero). Figures 1 and Figure 2 provide some insight into this relation.
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B

Figure 1: d is negative when the normal faces away from the origin

Figure 2: d is positive when it faces towards the origin

It's important to notice that technically the normal <a,b,c> does not have to be unit-length
for it to have a valid plane equation. But since things end up nicer if the normal is unit-
length.

Constructing a plane given three points that lie in the plane is a simple task. You just
perform a cross product between the two vectors made up by the three points

<point, — pointy>
<point; — pointy>

and find a normal for the plane. After generating the normal and making it unit length,
finding the d value for the plane is just a matter of storing the negative dot product of the
normal with any of the points. This holds because it essentialy solves the plane equation
above for d. Of course plugging a point in the plane equation will make it equal 0, and
this constructor has three of them. Following has the code to construct a plane from three
points.

To calculate a plane from 3 given points we first calculate the normal. If we imagine the 3
points form three edges in the plane then we can take two of the edges and calculate the
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cross-product between them. The resulting directional vector will be the normal, and then
we can plug any of the 3 known points into the plane equation to solve for k. For points
pl,p2 and p3 we get:

normal = (p1-p2) x (p3-p2)
k =normal * pl

4 normal to plane iz
T perpendicular ta

each edge

P |F,2
4+ plane

P

Note that it is extremely important to keep track of which direction your points are stored
in. Let'stake 3 points stored in clockwise direction in the x/y plane:

P2==010=

F1==000> P3=<100=

The normal to the plane these 3 points defineiis:

normal = (p1-p2) x (p3-p2)

=(0,-1,0) x (1,-1,0)

=<(-1)*0- 0*(-1),0*1- 0*0, 0*(-1) - (-1))*1>

=<0,0,1>
iethe z axis. If we were to store the points counter-clockwise the normal calculated would
be <0,0,-1>, which is till the z axis but in the "opposite” direction. It's important to keep
track of these things since we often need plane equations to be correct in order to
determine which side of a polygon an object (such as the view point) ison.

Constructing a plane from three points on the plane:

Normal vector =n
n = cross product ( (b-a),(c-a) )
Normalize(n); find a unit vector
d = - dot product(n,a)

If you already have a normal and also have a point on the plane, the first step can be
sKipped.
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Constructing a plane from a normal and a point on the plane:

Normalize(n); find a unit vector
d = - dot product(n,a)

This brings up an important point. If you have an n-sided polygon, nothing discussed up
to this point is forcing all of the points to be coplanar. However, problems can crop up if
some of the points in the polygon aren't coplanar. For example, when | discuss back-face
culling in amoment, you may misidentify what is actually behind the polygon, since there
won't be a plane that clearly defines what isin front of and what is behind the plane. That
is one of the advantages of using triangles to represent geometry—three points define a
plane exactly.

Defining Locality with Relation to aPlane

One of the most important operations planes let you perform is defining the location of a
point with respect to a plane. If you drop a point into the equation, it can be classified into
three cases: in front of the plane, in back of the plane, or coplanar with the plane. Front is
defined as the side of the plane the normal sticks out of .

Here, once again, precision will rear its ugly head. Instead of doing things the theoretical
way, having the planes infinitely thin, I'm going to give them a certain thickness of (you
guessed it) epsilon.

How do you orient a point in relation to a plane? Well, smply plug X, y, and z into the
equation, and see what you get on the right side. If you get zero (or a number close
enough to zero by plus or minus epsilon), then the point satisfied the equation and lies on
the plane. Points like this can be called coplanar. If the number is greater than zero, then
you know that you would have to travel farther along the origin following the path of the
normal than you would need to go to reach the plane, so the point must be in front of the
plane. If the number is negative, it must be behind the plane. Note that the first three
terms of the equation simplify to the dot product of the input vector and the plane normal.
Figure below has a visual representation of this operation.

+Z
Vclon u
<2.5,0, 5>
u*n+d=-25
peoint is behind Vactor v
the plane <7.0, 3.5
u'ns+de=2
point is in fronl
of the plane
da-5 Normal = <1.0.0>
+X

Figure: Classifying points with respect to a plane

Once you have code to classify a point, classifying other primitives, like polygons,
becomes pretty trivial, as shown below. The one issue is there are now four possible
definition states when the element being tested isn't infinitesimally small. The element
may be entirely in front of the plane, entirely in back, or perfectly coplanar. It may also be
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partialy in front and partially in back. I'll refer to this state as splitting the plane. It'sjust a
term; the element isn't actually splitting anything.

Back-face Culling

Now that you know how to define a point with respect to a plane, you can perform back-
face culling, one of the most fundamental optimization techniques of 3D graphics.

Let's suppose you have a triangle whose elements are ordered in such afashion that when
viewing the triangle from the front, the elements appear in clockwise order. Back-face
culling alows you to take triangles defined with this method and use the plane equation
to discard triangles that are facing away. Conceptualy, any closed mesh, a cube for
example, will have some triangles facing you and some facing away. Y ou know for afact
that you'll never be able to see a polygon that faces away from you; they are aways
hidden by triangles facing towards you. This, of course, doesn't hold if you're alowed to
view the cube from itsinside, but this shouldn't be allowed to happen if you want to really
optimize your engine.

Rather than perform the work necessary to draw al of the triangles on the screen, you can
use the plane equation to find out if atriangle is facing towards the camera, and discard it
if it is not. How is this achieved? Given the three points of the triangle, you can define a
plane that the triangle sits in. Since you know the elements of the triangle are listed in
clockwise order, you also know that if you pass the elements in order to the plane
constructor, the normal to the plane will be on the front side of the triangle. If you then
think of the location of the camera as a point, all you need to do is perform a point-plane
test. If the point of the camera is in front of the plane, then the triangle is visible and
should be drawn.

There's an optimization to be had. Since you know three points that lie in the plane (the
three points of the triangle) you only need to hold onto the normal of the plane, not the
entire plane equation. To perform the back-face cull, just subtract one of the triangle's
points from the camera location and perform a dot product with the resultant vector and
the normal. If the result of the dot product is greater than zero, then the view point was in
front of the triangle. Figure below can help explain the point.

(paint 0 - viewar) dol normal <0
e Iriangle is nol visibes

— YV

Figure: A visual example of back-face culling

In practice, 3D accelerators can actually perform back-face culling by themselves, so as
the triangle rates of cards increase, the amount of manua back-face culling that is
performed has steadily decreased. However, the information is useful for custom 3D
engines that don't plan on using the facilities of direct hardware acceleration.
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I nter section between a Line and a Plane

This occurs at the point which satisfies both the line and the plane equations.
Lineequation: p =org+u * dir Q)

Plane equation: p * normal - k = 0. (2

Substituting (1) into (2) and rearranging we get:

(org+u*dir)* normal -k =0

ie u* dir * normal =k - org* normal

ie u=(k-org* normal)/ (dir * normal)

If (d* normal) = 0 then the line runs parrallel to the plane and no intersection occurs. The
exact point at which intersection does occur can be found by plugging u back into the line
equation in (1).

Clipping Lines

One thing that you'll need is the ability to take two points (a and b) that are on different
sides of a plane defining a line segment, and find the point making the intersection of the
line with the plane.

This is easy enough to do. Think of this parametrically. Point a can be thought of as the
point at time 0 and point b as the point at time 1, and the point of intersection you want to
find is somewhere between those two.

Take the dot product of a and b. Using them and the inverse of the plane's d parameter,
you can find the scale value (which is a value between 0 and 1 that defines the parametric
location of the particle when it intersects the plane). Armed with that, you just use the
scale value, plugging it into the linear parametric equation to find the intersection
location. Figure 5.17 shows this happening visually, and Listing 5.20 has the code.

\ Plana D =5
".I n dot A= 4

ot B = 8
\ L [AP1ana D) - (n dotA) ) _
\. T Do B-ndatA)

Fi gure_5.17: Finding the intersecti on of a plane and a line
Listing 5.20: plane3::Split

inline const point3 plane3::Split( const point3 & a, const point3 &b ) const

{
float aDot = (a* n);
float bDot = (b * n);

float scale = (-d - aDot) / ( bDot - aDot );
return a+ (scale* (b - a));
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LectureNo.22  Triangle Rasterization
Introduction

High performance triangle rasterization is a very important topic in Computer Graphicsin
today’ s world.

Triangles are the foundation of modern real time graphics, and are by far the most popular
rendering primitive. Most computer games released in the last few years are almost
completely dependent on triangle rasterization performance. Recently the focus of
graphics performance optimization is beginning to shift to bandwidth requirements as
well as transformation and lighting. Nevertheless, rasterization performance is still a
factor, and this lecture will provide most of the basics of high performance triangle
rasterization. Also, it will go into detail about two often neglected rendering quality
improvements, sub-pixel and sub-texel accuracy. Also, smooth shading and texture
mapping techniques will be described.

Solid Fill Triangle Rendering

The first step in triangle rasterization is to be able to render a solid filled triangle. All
triangle drawing routines should fill the same pixels on the screen so it makes sense to
start with the simplest example and work up. The goal is to draw a filled triangle by
plotting pixels on the screen given three vertex points.

The first step is to sort the triangle vertices by y. Label the top vertex (Xo ,Yo), the middle
vertex (X1 ,y1), and the bottom vertex (xz ,y2). Now the triangle fill can be thought of as
two separate routines, filling the top half (the region between y, and y;) and filling the
bottom half (the region between y; and y,). Each of the fill routines consists of filling the
triangle region one scanline at atime, using the DDA agorithm to find the x values of the
beginning and the end of each pixel span to draw. The top half will uses DDA to find the
x values on edgen; and edgeg,. The bottom half uses DDA to find the x values on edge;,
and edgen,.

Sub-pixel Accuracy

The afore mentioned rasterization technique is works well when vertex coordinates are
integers, but there are some subtle changes that should be made to the DDA agorithm
when the vertex coordinates do not fall on integer bounds. In essence, sub-pixel accuracy
isaway of accounting for the fractional components of the vertex positionsin the triangle
rasterizer. The changes that need to be made are mainly used to prevent jumpiness when
there are amounts of motion that are smaller than apixel. The edges of the triangle reflect
the fractional change, and without sub-pixel accuracy, the entire triangle would jump
down apixel at atime. Also, the calculations performed for sub-pixel accuracy alow for
quicker edge anti-aliasing.

The idea of sub-pixel accuracy is to pre-step the x coordinate of each of the edge DDAS
an amount corresponding to the fractional component of the y position of the vertex. For
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notation sake we denote the upper vertex of an edge as X,y and the lower vertex as X, Yo.
For each edge the starting x coordinate for the DDA agorithm xs is obtained by a prestep
amount Xgrestep t0 the original x coordinate of the vertex:

The pre step amount “x; for x, is calculated by multiplying &x/dy by the fix up distance, ys

This fix up distance is just the distance of y, to the next lowest scan line. For
clarification purposes, here is some pseudo code for the sub-pixel accurate DDA, which
can be used to find endpoints for the pixel spansin our triangle rasterizer. This technique
can be used to draw sub-pixel accurate lines aso.

SubPixDDA( float xa, float ya, float xb, float yb)
{
int yai,ybi, /*scanline range to draw*/
y;  [*iterator for scanline*/

float xp, /*prestepinx*/
X, [*current x position*/
yf, [*fractional distanceiny */
dxdy; /*amount to change x by per scanline (1/slope) */

dxdy=(xb-xa)/(yb-ya); /* perform slope calculation using true */
[*vertex positions*/

yai=ceiling(ya);

ybi=ceiling(yb);

yf=yai-ya
Xp=(dxdy*yf);
X=Xa+Xp;

for(y=yai;y<ybi;y++) /*iterate over scanlines*/

/*do scanline stuff using x,y */
x+=dxdy;

}
}
Smooth Shaded Triangle Rasterization

So far we have described a method for solid filled triangle rasterization, but there are a
variety of other fill types that are use. Smooth shaded triangles can be used to
approximate the effects of lighting over a surface. They can be used for light falloff, or
can be used to give the appearance to a curved surface.

The idea behind smooth shading is to linearly interpolate the vertex colors over the
triangle being drawn. Luckily for us, we already have the tool to do this, DDA. In fact,
drawing smooth shaded polygons is not much more difficult than drawing solid filled
ones. The vertex colors must be interpolated along each edge of the triangle using DDA.
This gives us a separate pair of colors for the beginning and end of each pixel span for
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each scan line. The last step that needs to be performed is to use DDA to interpolate the
colors across each pixel span.

To do smooth shading with RGB color, you must use separate DDA interpolation routines
for the red, green, and blue components of the color. Also note that inside the smooth
shading routine r, g, and b must be represented as a type with a fractional component
(typefloat is agood choice). To avoid visual artifacts it is recommended that you use the
sub-texel accuracy technique that is described further on in these notes.

Texture Mapped Triangle Rasterization

Another common triangle fill method is called texture mapping. Texture mapping is a
technique for interpolating an image over the triangle being rasterized. The image being
interpolated is known as a texture map, and each pixel in the texture map is known as a
texel. Because it allows for the use of images to represent a surface on an object, it has
the potential to greatly reduce the number of triangles needed to represent an object. In
addition to this, texture mapping can also be used to simulate the effects of complex
lighting conditions on an object.

This section describes bilinear texture mapping, which is the simplest technique to
implement. In order to perform bilinear texture mapping, each vertex contains a u, v
texture coordinate. This specifies the location in the texture map that this vertex
corresponds to. Given these texture coordinates, texture mapping isn't much more
difficult than smooth shading. The texture coordinates u, v are interpolated over the
triangle using DDA just like ther, g, and b values are in smooth shading. The difference
is that the resulting u, v location for every pixel is used to lookup a color value in the
texture map image for the pixel to be drawn.

However, there is the problem how to deal with the fractional component of the u, v
values; looking up color values in the texture map requires integer coordinates.

One technique is to round the u, v values to the nearest integer. This is the quickest
approach, but produces a blocky looking triangle image when the texture map is small in
comparison to the triangle size. Most software based texture mapping routines used in
computer games take use this approach because of the speed advantages. However, the
majority of hardware based texture mapping routines has an option to do bilinear
sampling. Bilinear sampling uses the fractional component of the u, v coordinate to
perform aweighted average of 4 adjacent texel colors. The fractional components of u, v
are used to find the distance of u, v from the texels themselves. This distance is used as
the weighting, and the formulafor the pixel color to be drawn Cyijin_samp IS:

Hereis some pseudocode to do this:

color BilinearSampling(float u, float v, color texMap[256][256])
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{

color c00,c01,c10,c11;
int uO,ul,vo,vi;

float ufrac,vfrac;

uO=floor(u);
ul=ceiling(u);
vO=floor(u);
vl1=ceiling(u);
ufrac=u-uo0;
virac=v=vO0;

c00=texMap[u0][vO];
cO01=texMap[u0][v1];
c10=texMap[ul][vO];
cll=texMap[ul][v1];

return(  vfrac* (ufrac*cll + (1-ufrac)*c01) +
(1-vfrac) * (ufrac*c10 + (1-ufrac)*c00) );

Sub-Texel Accuracy

The disparity between integer screen pixel locations and the mathematical equations for
the triangle also causes problems for texture mapping, and smooth shading. Any vaue
that isinterpolated over the triangle such asr, g, and b for smooth shading and u and v for
texture mapping must take into account the fractional component of the vertex
information. Taking these fractional quantities into account is called sub-texel accuracy,
for the reason that it is used most commonly with texture mapping. In actuality, sub-texel
accuracy can be applied to any quantity interpolated over the triangle. Without sub-texel
accuracy, the texture will visibly jump around by a pixel when the triangle undergoes
small amounts of motion.

The sub-texel accurate DDA interpolators for texture mapping are very similar to the sub-
pixel accurate DDA routine presented earlier. For each edge of the triangle, the sub-texel
DDA for the interpolated values is identical to the sub-pixel DDA, when u or v is
substituted for x. However, for each scan line, the beginning and end x locations of the
pixel span have fractional components which need to be accounted for. To interpolate the
texels coordinates correctly over the pixel span for each scan line, a subtexel accurate
pixel span DDA isrequired. Luckily for us, this formulation is also virtualy identical to
the sub-pixel DDA. All that need to be done is to substitute u or v for x in the original,
and substitute x for y in the original.
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Flat Filling Triangles

Drawing triangle (or in general convex polygon, but as we discussed we will use only
triangles) is very simple. The basic idea of the line triangle drawing algorithm is as
follows.

For each scan line (horizontal line on the screen), find the points of intersection with the
edges of the triangle. Then, draw a horizontal line between intersections and do this for
al scan lines.

But how can we find these points quickly?

Using linear interpolation!

We have 3 vertices and we want to find coordinates of all points belonging to segments
determined by these vertices.

Assume we have segment given by points:

(xa,ya) and (xb,yb).

Our task isto find points: (xc,ya+1), (xd,ya+2), ..., (xm,yb-1), (xn,yb).

Notice that xa changesto xb in (yb-ya) steps.

We also have:
xa=xa+0* (xb-xa)/(yb-ya),

Xb=xa+ (yb-ya)* (xb-xa)/(yb-ya)
and, ingeneral, xi = xa+ (yi—ya) * delta,

where delta= (xb-xa)/(yb-ya).

The general function for linear interpolation is:

f(X) = A+ X* ((B-A) / steps) where we slide from A to B in steps steps
Hereis pseudo code for atriangle filling algorithm.

The coordinates of vertices are (A. X,A. Y), (B. x,B.y), (C. x,C. y); we assume that A. y
<=B.y <=C.y (you should sort them first)

dx1,dx2,dx3 are deltas used in interpolation

Horizontal line draws horizontal segment with coordinates
(S5 %Y),(E.-xY)

S. x, E. x are left and right x-coordinates of the segment we have to draw

S=A meanstha S. x=A.X; S y=A.vy,
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if (By-Ay>0) dx1=(B.x-Ax)/(B.y-A.y)
else dx1=0;

if (Cy-A.y>0) dx2=(C.x-A.x)/(C.y-Aly)
else dx2=0;

if (C.y-B.y > 0) dx3=(C.x-B.x)/(C.y-B.y)
else dx3=0;

S=E=A

if(dx1 > dx2)
{
for(; Sy<=B.y; Sy++, Eyy++, Sx+=dx2, E.x += dx1)
horizontal line (S.x,E.x,S.y, E.x,color);
E=B;
for(;Syy<=C.y;S.y++E.y++ Sx+=dx2,E.x+=dx3)
horizontal line(S.x,E.x,S.y, E.x,color);

}
else
{
for(;Syy<=B.y;S.y++E.y++ ,Sx+=dx1,E.x+=dx2)
horizontal line(S.x,E.x,Sy, E.x,color);
S=B;
for(;S.y<=C.y;Sy++E.y++,Sx+=dx3,E.x+=dx2)
horizontal line(S.x,E.x,Sy, E.x,color);
}

| ought to explain what is the comparision dx1 > dx2 for. It's optimization trick: in the
horizontal line routine, we don't need to compare the x's (S.x is aways less than or equal
to E.x).
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Gouraud Shading

The idea of gouraud and flat triangle is nearly the same. Gouraud takes only three
parameters more (the color value of each of the vertices), and the routine just interpolates
among them drawing a beautiful, shaded triangle.

Y ou can use 256-colors mode, in which vertices colors are simply indices to palette or hi-
color mode (recommended).

Flat triangle interpolated only one value (x in connection with y), 256 colors gouraud
needs three (x related to y, color related to y, and color related to x), hi-color gouraud
needs seven (x related to y, red, green and blue components of color related to y, and
color related to x (also three components))

Drawing a gouraud triangle, we add only two parts to the flat triangle routine. The
horizline routine gets a bit more complicated due to the interpolation of the color value
related to x but the main routine itself remains nearly the same.

WEe'l give you a full gouraud routine because good pseudo code is better than the best
description:

the coordinates of vertices are (Ax,AYy), (B.xB.y), (CxCy) we assume that
A.y<=B.y<=C.y (you should sort them first)

vertex A has color (A.r,A.g,A.b), B (B.r,B.g,B.b), C (C.r,C.g,C.b), where X.r is color's
red component, X.g is color's green component and X.b is color's blue component
dx1,dx2,dx3 are deltas used in interpolation of x-coordinate

drl,dr2,dr3, dgl,dg2,dg3, dbl,db2,db3 are deltas used in interpolation of color's
components

putpixel (P) plots a pixel with coordinates (P.x,P.y) and color (P.r,P.g,P.b)

S=A meansthat Sx=A.x; Siy=A.y; Sr=A.r; S.g=A.g; Sb=A.b;

Drawing triangle:

if (B.y-A.y>0){
dx1=(B.x-A.x)/(B.y-A.y);
dr1=(B.r-A.r)/(B.y-A.y);
dgl=(B.g-A.g)/(B.y-A.y);
dbl1=(B.b-A.b)/(B.y-A.y);
} else
dx1=dr1=dgl=db1=0;

if (Cy-Aly>0){
dx2=(C.x-A.X)/(Cy-A.y);
dr2=(C.r-A.r)/(C.y-Aly);
dg2=(C.g-A.g)/(C.y-A.y);
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db2=(C.b-A.b)/(C.y-A.y);
} else
dx2=dr2=dg2=db2=0;

if (Cy-B.y>0){
dx3=(C.x-B.x)/(C.y-B.y);
dr3=(C.r-B.r)/(C.y-B.y);
dg3=(C.g-B.g)/(C.y-B.y);
db3=(C.b-B.b)/(C.y-B.y);
} else
dx3=dr3=dg3=db3=0;

S=E=A;
if(dx1 > dx2) {
for(;S.y<=B.y;S.y++ E.y++) {
if(Ex-Sx>0) {
dr=(E.r-S.r)/(E.x-S.x);
dg=(E.g-S.0)/(E.x-SX);
db=(E.b-S.b)/(E.x-S.x);
} else
dr=dg=db=0;
P=S;
for(;P.x < Ex;P.x++) {
putpixel (P);
P.r+=dr; P.g+=dg; P.b+=db;
}
Sx+=dx2; S.r+=dr2; S.g+=dg2; S.b+=db2;
E.x+=dx1; E.r+=drl; E.g+=dgl; E.b+=dbl;
}

E=B:
for(;S.y<=C.y;Sy++E.y++) {
if(Ex-Sx >0) {
dr=(E.r-S.r)/(E.x-S.x);
dg=(E.g-S.9)/(E.x-S.X);
db=(E.b-S.b)/(E.x-S.X);
} else
dr=dg=db=0;
P=S,
for(;P.x < Ex;P.x++) {
putpixel (P);
P.r+=dr; P.g+=dg; P.b+=db;
}
Sx+=dx2; S.r+=dr2; S.g+=dg2; S.b+=db2;
E.x+=dx3; E.r+=dr3; E.g+=dg3; E.b+=db3;

} else{
for(;S.y<=B.y;S.y++ E.y++) {
if(Ex-Sx>0) {
dr=(E.r-S.r)/(E.x-S.x);
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dg=(E.g-S.g)/(E.-x-S.x);

db=(E.b-S.b)/(E.x-S.X);
} else

dr=dg=db=0;

P=S,
for(;P.x < EX;P.x++) {
putpixel (P);
P.r+=dr; P.g+=dg; P.b+=db;
}
Sx+=dx1; S.r+=drl; S.g+=dgl; S.b+=db1l;
E.x+=dx2; E.r+=dr2; E.g+=dg2; E.b+=db2;
}

S=B;
for(;S.y<=C.y;Sy++E.y++) {
if(Ex-Sx>0) {
dr=(E.r-S.r)/(E.x-S.x);
dg=(E.g-S.9)/(E.x-S.X);
db=(E.b-S.b)/(E.x-S.x);
} else
dr=dg=db=0;

P=S;
for(;P.x < EXx;P.x++) {
putpixel (P);
P.r+=dr; P.g+=dg; P.b+=db;
}
Sx+=dx3; S.r+=dr3; S.g+=dg3; S.b+=db3;
E.x+=dx2; E.r+=dr2; E.g+=dg2; E.b+=db2;

}
| hope you are familiar with idea of interpolation now.

Textured Triangles

We can also apply any bitmap on triangle for filling it.
Il show you the idea of linear (or 'classical’) texture mapping (without perspective
correction). Linear mapping works pretty well (read: fast) in some scenes, but perspective
correction isin some way needed in most 3D systems.
Again were using the idea of interpolation: now we'll code a texture triangle filler. And
again the idea is perfectly the same, only two more values to interpolate, that is five
values tota. In texture mapping, we interpolate x, u, and v related to y, and u and v
related to x (u and v are coordinates in the 2D bitmap space). The situation is maybe
easier to understand by looking at the following picture:
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The left triangle is the triangle which is drawn onto the screen. There's a single scanline
(one call to the horizline routine) pointed out as an example. The triangle on the right is
the same triangle in the bitmap space, and there's the same scanline drawn from another
point of view into it, too. SO we need just to interpolate, interpolate, and once more
interpolate in texture filler - an easy job if you've understood the idea of gouraud filler.

An optimization trick: the color deltas in gouraud and (u,v) coordinate deltas in texture
remain constant, so we need to calculate them only once per polygon. Let's take the u
deltain linear texturing as an example. Assume, that dx2<=dx3 (we are using the same
symbols like in flat and gouraud filler). As we know, we need to interpolate S.u to E.u in
the horizline routine in (S.x-E.x) steps. We are in the need of au delta (du) which would
be the same for the whole polygon. So instead of calculating in each scanline this:

du = (E.u-S.u) / (E.x-S.X),

we do like thisin the setup part of the polygon routine: We know that

Sx=Ax+ (B.y-Aly)* dxl,

Su=A.u+(B.y-Ay)* dul,

Ex=Bx=Ax+ (B.y-Ay) * dx2,

E.u=B.u=Au+ (By-Ay)* du2,

When

y = B.y (when y is the y-coordinate of the second vertex).

When we place the values of the variables S.u,E.u,S.x and E.x (above) to the u delta
Statement,

du = (E.u-S.u) / (E.x-S.X),
we get the following statement as a resullt:
[A.u+(B.y-Aly)*du2] - [A.u+(B.y-A.y)*dul]

du =
[Ax+(B.y-A.y)*dx2] - [Ax+(B.y-A.y)*dx1]

(B.y-A.y)*(A.u-A.u+du2-dul)
OU = o
(B.y-A.y)* (A.x-A.x+dx2-dx1)

du2-dul

du = -------
dx2-dx1
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outer Udelta2-outerUdeltal
innerUddta = ---------=-==mmmmmmmmmmm e
outer Xdelta2-outer Xdeltal
Nice! But what if dx2 = dx1? This of course means that the polygon isjust oneline, so du
doesn't need any specific value; zero does the job very well.
Note! | find it hard to get good results using fixed point math because of inadequate
precision.

Environmental Mapping

As | said in 'shading' part, the way demos do environment mapping is very simple. Take
the X and Y components of your pseudo-normal vectors (perpendicular to vertices), and
use them to index your texture map!

Y our formulae would be:

U=N.x* 128 + 127

V =N.y* 128 + 127 (assuming 256x256 texture maps).
Or in genera

U =N.x* (width / 2) + (width/2) - 1

V =N.y* (height/ 2) + (height/2) - 1

Using texturing and shading at the same time is quite straightforward to implement: the
basic idea being that we just interpolate the values of both texture and shade and blend
them in a suitable ratio (al pha-blending).
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l. - is a point which make the code simpler and all other point is taken from this

1. Angle
2. Line

3. Pivot
4. Pixel

2. Computer graphic application can be found in almost all is areas except

Medicine in virtual surgery
Games

Multi-threading
Simulation

s

3. Twice the radius of circle is called as---------------------- .
1. Area
2. Diameter
3. 2*p1 Radian
4. Circumference

4, - are the fundamental geometric entities within a given data structure.

1. Pixels

2. Points

3. Vectors
4. Primitives

5. Plasma panel display use a gas mixture and phosphorus coating for showing display

1. True
2. False

6. In --——----———---——- Polygon filling technique the filling is done from interior point
towards boundary

1. Scan- line
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2. Boundary
3. Edge
4. Simple

7. In right hand rule z------ is beyond the region and---------- behind it

1. Positive, positive

2. Negative, positive
3. Positive, negative
4. Negative, negative

8. matrix addition can be done if two matrices have the same number of --------- and------1

1. Column, Transpose
2. Vectors, Rows
3. Dimension, vectors
4. Rows, column

R of a matrix are the new matrix whose rows are the column of the original

1. Inverse
2. Zero

3. Vector

4. Transpose

10.In perspective ,projection, for correct for correct view.......... Should pass through thq
middle of the screen

1. X-axis
2. Y-axis
3. Z-axis
4. X-axis-axis

11.In translation every point the object is translated by the
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1. Same amount

2. 90 degree
3. Right angle
4. Force

12, -—-mmmmeee- Algorithm make calculation for an octant of a circule area and draw the
whole circule

1. Cartesian Coordinates
2. Slopecircule

3. ASCII values
4. Polar coordinates

13. This projection technique has the direction of projection perpendicular to the viewing
direction is perpendicular to one of the principle faces

1. Axonometric parallel projection
2. Oblique parallel projection

3. Orthographic parallel projection
4. Oblique projection

14.The mirror image for a 2D reflection is generated by rotating the object ---------------
about the reflection axis

1. 360 degree
2. 180 deg
3. 190 deg
4. 120 deg

15.The ordering of vertices goes ---------- in a triangle

1. Top bottom
2. Bottom to top
3. Clockwise
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4. Counter-clockwise

16.In mode 3, each pixel occupies ----------- bit/bits in VDU memory

1. 3 Bytes
2. 4 Bytes
3. 2 Bytes
4. 6 Bytes

17. Translation move objects without -------------

1. Scaling

2. Rotation

3. Deformation

4. Scaling and Rotation

18. Drawing a ---------------- triangle , we add only two parts to the flat triangle routine

Flat
Texture
Gouraud

L=

Environments
19, ----———-—-- was first person who studied the ellipse

1. Menaechums
2. Apollonius
3. Einstein

4. Archimedes

20.-----==---- is the set of points that are equidistant from its origin.

1. Line
2. Parabola
3. Circle
4. Ellipse




AL-JUNAID TECH INSTITUTE

21.Three or more point that lie on the same line are called-------------

1. Singular
2. Collinear
3. Line slop
4. Line slop and singular

22. Monochrome adapter can display--------

1. Only Games
2. Text Grapics
3. Only Graphics
4. Only Text

23. In Sutherland and Hodgman, s polygon clipping algorithm what will be saved for
wholly inside visible

Region

1. Intersection

2. Endpoint

3. Intersection and endpoint
4. Nothing will be saved

24. In Raster — scan system electron beam draw a line from left to right and then back to
left end to draw next line this effect is known as--------------

1. Vertical Retrace
2. Horizontal Retrace
3. Interlaced

4. Non-interlaced

25. In === Projection the direction of projection make equal angles with all three
principal axis

1. Isometric
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2. Diametric

3. Trimetric
4. Tetrametic

26.Monochrome Adapter (MA) is a single color adapter: -

o True PG # 38
o False

27.We can explain relationship between X, Y and Z coordinates using the left hand
rule.

o False
o True

28.The last column of an affine transform matrix does not affect vectors.

o True
o False

29.Plasma-panel Displays use a gas mixture and phosphorus coating for showing
display.

o False
True

30.(x*/a%) - (y?/b?) =1 is an equation of

o Circle
o Parabola
o Hyperbola PG #70
o Ellipse
31.Thereare_ basic types of polygon.
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o 2

o 3 PG # 81

o 4

o 10 0304-1659294
32. Polygons are basically concave polygons that may have self-
intersecting edges.

o Complex PG # 81

o None of the given
o Hybrid
o Convex

33.The actual filling process in boundary filling algorithm begins when a
point of

the figure is selected.
o Outside the boundary
o Inside the boundary PG #102

o At boundary

O

None of the give
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34.In Trivial acceptance/reject test there are four bits of nine regions, Bit
1 represents condition._.

o Outside half plane of left edge, to the left of left edge X < Xmin

o Outside half plane of right edge, to the right of right edge X >
Xrnax

o Outside half plane of bottom edge, below bottom edge Y <
Ymin

o Outside half plane of top edge, above top edge Y > Ymax
PG # 143

35.In Trivial acceptance/reject test there are four bits of nine regions, Bit
2 represents condition

o Outside half plane of left edge, to the left of left edge X < Xmin

o Outside half plane of right edge, to the right of right edge X >
Xmax

o QOutside half plane of bottom edge, below bottom edge Y <
Ymin
PG # 143

o Outside half plane of top edge, above top edge Y > Ymax

36.In Trivial acceptance/reject test there are four bits of nine regions, Bit
3 represents condition --.

o Outside half plane of left edge, to the left of left edge X < Xmin

o Outside half plane of right edge, to the right of right edge X
> Xmax
PG # 143




AL-JUNAID TECH INSTITUTE

o Outside half plane of bottom edge, below bottom edge Y <
Ymin

o Outside half plane of top edge, above top edge Y > Ymax

37.In Trivial acceptance/reject test there are four bits of nine regions, Bit
4 represents condition --.

o QOutside half plane of left edge, to the left of left edge X <
Xmin
PG # 143

o Outside half plane of right edge, to the right of right edge X >
Xmax

o Outside half plane of bottom edge, below bottom edge Y <
Ymin

o Outside half plane of top edge, above top edge Y > Ymax

38.Polygons consisting of can cause problems when
rendering.
o Non-co-planar vertices PG #169

Co-planar vertices

(@)

o On any vertex

o None of the given

39.The homogeneous coordinates for 3D translation can be expressed as

o None of the given 0304-1659294

o PP=T(tx, tx, tx) + P
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oP’=T(0,0,0)+P

o PP=T (tx, ty, tz) . P PG #179
40. is the tendency of the text to flash as it moves up or
down.

o Flickering PG # 38

o Snow

o Distortion
o None of the given 0304-1659294

41. is the flurry of bright dots that can appear anywhere on
the screen.

o Flickering
o Snow effect PG # 38
o Distortion

o None of the given

42.1n video text memory, are used to display a character.
o 2 bytes PG #43
o 4 bytes
o 8 bytes
o 16 bytes
43.In algorithm, old color must be read before it is
invoked.

o Scan line filling
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o Flood fill PG #104

o Both scan line and flood fill
o None of the given

44 In transformation one coordinate is held fixed and

the other coordinate or coordinates are shifted.
o Rotation
o Reflection
o Shear  AL-JUNAID INSTITUE OF GROUP
o None of the given

45.The dot product of two vectors A and B is___, if the angle
between them is less than 90 or greater than 270 degrees.

o Greater than zero (0) PG #177
o Less than zero (0)
o Equal to Zero (0)

o None of the given

46.In projection, all lines perpendicular to the
projection plane are projected with no change in length.

o Cavalier and Cabinet
o Cabinet
o Cavalier PG # 199

o None of the given
47.First step of triangle rasterization is to be able to___ a solid filled
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triangle.

o Rotate

o Render PG # 216
o Redraw

o None of the given

48.1f the value of scaling factors Sx and Sy is greater than 1, then size of
objects will be

o Reduced

o Enlarged PG # 121
o Remain same

o None of the given

49 Interlacing the horizontal refresh r

o Isno longer used in any system
o Is necessary because of the shape of the rods in the human eye
o [s distracting and can cause eye fatigue

o Fools the human eye into thinking the horizontal refresh
rate is faster

50.1t is safe to assume that all raster-type monitors can accept the
same input

o False AL-JUNAID INSTITUE OF GROUP

o True
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51.Both Boundary Filling and Flood filling algorithms are non-recursive
techniques.

o False PG #102
o True 0304-1659294

52.When defining a mesh of triangles that define the boundary of a
solid, you set it up so that all of the triangles along the skin are
ordered when viewed from the outside.

o Perpendicular

o Parallel

o Clockwise PG # 208
o Anticlockwise

53.We can not explain relationship between X, Y and Z coordinates
using the left hand rule.

o False
o True

54.A 1s the set of all points (x, y) that are the same
distance from the directrix and focus not on the directrix.

o Circle
o Hyperbola
o Parabola PG #73

55.Rotating a point requires that you know the coordinates for the point,
and also know the rotation angles.
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o False

o True PG # 180

56.The boundary-fill method requires the coordinates of .

Starting point

(@)

(@]

Filling colour

(@]

Boundary colour

All of the given PG #102

(@)

57.Both Boundary Filling and Flood filling algorithms are__than scan
line filling

algorithm.
o -None of the given
o Better
o Worse
o Almost same

58.Discard a line with both endpoints outside clipping boundaries is
called as

(@)

Trivial Reject PG # 142
o Trivial Accept
o None of the given

o Total outside
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59.Because clipping against one edge is independent of all others, so

it 1s impossible to arrange the clipping stages in a pipeline.
o True

o False PG # 150

60.1f the polygons are filled, line-clipping techniques are sufficient to
clip it.
o True AL-JUNAID INSTITUE OF GROUP

o False PG # 248

61.According to the architecture of raster graphics system,
display processor memory will act as ;

o Video controller
o System memory PG # 36
o Frame buffer
o None of the given
62.Various curve functions are useful in
o Object modeling
o Graphics applications
o All of the given PG # 69

o Animation path specifications

63. transformation produces shape distortions as if objects

were composed of layers that are caused to slide over each other.
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o Translation

o Reflection

o Shear PG #129

o Rotation
65.In projection, lines which are perpendicular to the
projection

plane are projected at

o Cabinet, 1/2 length PG # 199
o Cavalier, 1/2 length

o Cabinet , No change in length

o Cavalier , No change in length

66.This projection technique has the direction of projection
perpendicular to the viewing plane, and the viewing direction is
perpendicular to one of the principle faces.

o Axonometric Parallel Projection
o Oblique Parallel Projection
o Orthographic Parallel Projection PG # 194

o None of the given
67.Computer Graphics are used in

o Game development
o Movies development AL-JUNAID INSTITUE OF GROUP

o Simulations
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o All of the given PG #6

68.(x*/a*) + (y*/b?) =1 is an equation of .
o Parabola
o Hyperbola
o Ellipse PG #70
o Circle

69.A straight line can be moved to another location by applying
to each of the line endpoints and redrawing the line between the
new coordinates.

o Rotation
o Translation PG #118
o Reflection

Scaling factor

(@)

70.Boundary Filling Algorithm cannot work for polygons.

o Convex

o Concave

o Complex

o All of the given

71.To move a from one location to another, we
translate the center

point and redraw the same using new center point.
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o Arc

o Parabola

o All of the given

o Circle PG #119
72.For modifying object shapes, transformations can be used.
o Rotation

o Translation
o Shearing PG #192
o both translation and shearing

73.The boundary-fill method requires :

o Coordinates of starting point

o Filling colour 0304-1659294

o Boundary colour

o All of the given PG #102

74.In 2D transformations, two successive rotations applied to a point
P can be denoted as_----- ;

oP'=R 01+ 0,).P PG # 124
oP'=(R(©1)-R(62)). P
o PP=R(O1x6).P

o P'=R(61).P
76.We can draw 8 points corresponding to each (x. y) point in
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drawing algorithm.

Triangle

(@)

o Parabola AL-JUNAID INSTITUE OF GROUP

o Circle

(@)

Hyperbola

77.1f a line connecting any two points within a polygon does not
intersect any

edge, then it will be a
polygon.

o Convex PG #79
o Concave

o Complex

o Hybrid
78. A column matrix is also known as . (Choose best suitable
answer)

o Column vector PG # 107

o Row vector
o Vector

o Unit vector
79.Because clipping against one edge is independent of all

others, so it is to arrange the clipping stages in a pipeline.

o Possible PG # 150
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o Impossible

o sometimes impossible
o sometimes possible

80.We can explain relationship between X. Y and Z coordinates using___.

o Left hand rule

o Pump rule

o Jaw rule

o Right hand rule

81.The homogeneous coordinates for 3D translation can be expressed
as
oP=T(0,0,0)-P

0P =X, (X)) P
oP’=T(0,0,0)+P
o PP=T (tx, ty, tz) . P PG #179

82.A system (or frame) is an affine, euclidean vector space.

o Number

o Coordinate
o Unit

o Vector

83.A three-dimensional reflection can be performed relative to a selected
reflection --------- :

o Point
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o Plane

o AXxis PG # 191

o Both Axis and plane
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Question No: 1 (Marks: 1) - Please choose one
DDA abbreviated for

None of the given

Discrete data analyzer

Digital data analyzer

Digital differential analyzer (Page 54)

Question No: 2 (Marks: 1) - Please choose one
Save aline with both endpointsinside al clipping boundariesis called as

None of the given

Total .... (inside (maybe))
Trivial Regject

Trivial Accept (Page 142)

Question No: 3 (Marks: 1) - Please choose one
projection is obtained by projecting points along parallel lines that are not perpendicular to the
projection plane.

Perspective
Orthographic
Oblique (Page 198)

Question No: 4 (Marks: 1) - Please choose one
The dot product of two vectors A and B is . Iff the angle between them isless than 90 or greater
than 270 degrees.

Greater than zero (0) (Page 177)
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Less than zero (0)
Equal to Zero (0)
None of the given

Question No: 1 (Marks: 1) - Please choose one
This projection technique has the direction of projection perpendicular to the viewing plane, and the viewing
direction is perpendicular to one of the principle faces.

metric Parallel Projection
Oblique Parallel Projection
Orthographic Parallel Projection
None of the given

Question No: 5 (Marks: 1) - Please choose one

Orthographic projections that show more than one side of an object are called projections.
Cavalier

Cabinet

Axonometric (Page 196)

Perspective

Question No: 6 (Marks: 1) - Please choose one

Computer Graphics are used in

Movies devel opment
Simulations

All of the given
Game devel opment

Question No: 7 (Marks: 1) - Please choose one
“Computer Graphics” and “Computer Vision” are

Samefields

Interrelated fields

None of the given

Totally different fields http://en.wikipedia.org/wiki/Computer_vision

Question No: 8 (Marks: 1) - Please choose one
We can take transpose of

matrix with 1 row 1 column
matrix with 2 rows 3 columns
matrix with 3 rows 2 columns
any matrix
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Question No: 9 (Marks: 1) - Please choose one
If the polygons are , line-clipping techniques are sufficient for clipping.

filled

unfilled (Page 146)
half filled

All of the given

Question No: 10 (Marks: 1) - Please choose one
20: Because clipping against one edge is independent of al others, soitis to arrange the clipping
stagesin a pipeline.

Sometimes impossible
None of the given
Possible (Page 150)

Impossible
Question No: 11 (Marks: 1) - Please choose one
Tessellation can be adaptive to the degree of curvature of a surface.

L ocal (Page 170)
Static

Global

Variable

Question No: 12 (Marks: 1) - Please choose one
The actual filling process in boundary filling algorithm begins when a point of thefigured is
selected.

Outside the boundary

Inside the boundary (Page 102)
At boundary

None of the above

Question No: 13 (Marks: 1) - Please choose one
Discard aline with both endpoints outside clipping boundary is called as

Trivial accept

Trivial reject (Page 142)
Total outside

None of the above
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Question No: 14 (Marks: 1) - Please choose one
is the tendency of the text to flash as it moves up or down.

Flickering (Page 38)
Snow

Distortion

None of the above

Question No: 15 (Marks: 1) - Please choose one
The axonometric projection is where the direction of projection makes same angle with all axes.

DIMETRIC

I sometric (Page 196)
Oblique

Trimetric

Question No: 16 (Marks: 1) - Please choose one
We can draw the circle using

Pentane

Hexane

Trident

Octant (Page 63)

Question No: 17 (Marks: 1) - Please choose one
direct view storage tube maintains the picture display.

Electron gun

Proton gun

Flood gun (Page 29)
All of the above

Question No: 18 (Marks: 1) - Please choose one
Because clipping against one edge is independent to al others, soitis arrange the clipping stagesin a
pipeline.

Possible (Page 150) rep
Impossible

Sometimes impossible
None of the above
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Question No: 19 (Marks: 1) - Please choose one
If the polygons are line clipping techniques are sufficient for clipping.

Filled

Unfilled (Page 146) rep
Half filled

All of the above

Question No: 20 (Marks: 1) - Please choose one
Polygons consisting of can cause problems when rendering.

Non-coplanar vertices (Page 169)
Co-planar vertices
Any vertices

None of the above

Question No: 1 (Marks: 1) - Please choose one
In Trivial acceptance/reject test there are four bits of nine regions, Bit3 represents condition

Outside half plane of left edge, to the left of Ieft edge X < Xmin

Outside half plane of right edge, to theright of right edge X > Xmax (Page 143)
Outside half plane of bottom edge, below bottom edge Y < Ymin

Outside half plane of top edge, abovetop edgeY > Y max

Question No: 2 (Marks: 1) - Please choose one
Plasma-panel displays use a gas mixture that usually includes

Zinc
Iron
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CS602 — Solved Quizzes (Quiz No.1 & 2)

Question No: 1 of 10 (Marks: 1) - Please choose one
A line, or straight line, is, roughly speaking, an (infinitely) thin, (infinitely) long, straight geometrical object.

True (Page 53)
False

Question No: 2 of 10 (Marks: 1) - Please choose one
Both Boundary Filling and Flood filling algorithms are as compared to scan linefilling
algorithm.

Better
Worse
Almost same
Good

Question No: 3of 10 (Marks: 1) - Please choose one
(x"2/a2)+(y*2/b"2)=1isan equation of

Parabola
Hyperbola
Ellipse (Page 70)
Circle

Question No: 4 of 10 (Marks: 1) - Please choose one
We can draw the circle using .

Pentane

Hexanes

Trident

Octants (Page 63) rep

Question No: 50of 10 (Marks: 1) - Please choose one
A scaling transformation aters the of an object.

Shape

Position

Size (Page 120)
Rotation
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Question No: 6 of 10 (Marks: 1) - Please choose one
Boundary Filling Algorithm can work for complex polygons.
True
False

Question No: 7 of 10 (Marks: 1) - Please choose one

A isthe set of al points (x , y) that are the same distance from the directrix and focus

not on the directrix.

Circle

Hyperbola
Parabola (Page 73)
Ellipse

Question No: 8of 10 (Marks: 1) - Please choose one
Monochrome Adapter (MA) isasingle color adapter

True (Page 38)
False

Question No: 9of 10 (Marks: 1) - Please choose one
If the value of scaling factors sx and sy is greater than 1, then size of objects will be

Reduced

Enlarged (Page 121)
Remain same

Shear

Question No: 10 of 10 (Marks: 1) - Please choose one
In algorithm(s), old color must be read before it is invoked.

Scan line filling

Flood filling (Page 104)

Both scan line and flood filling
Scan filling

Question No: 1 of 10 (Marks: 1) - Please choose one
Parity is a concept used to determine which lie within a polygon.

Edge

Vertices

Pixels (Page 80)
Points
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Question No: 2 of 10 (Marks: 1) - Please choose one
Various curve functions are useful in

Object modeling (Page 69)
Graphics applications
Animation path specifications
All of the given

Question No: 3of 10 (Marks: 1) - Please choose one
polygons are basically concave polygons that may have self-intersecting edges.

Complex (Page 79)
Hybrid
Convex
Convex and Hybrid

Question No: 4 of 10 (Marks: 1) - Please choose one
Concave polygons are a superset of polygons, having fewer restrictions than
polygons.

Hybrid, Complex

Concave, Complex
Convex, Convex (Page 79)
Complex, Complex

Question No: 50of 10 (Marks: 1) - Please choose one
There are basic types of polygon.

(Page 78)

OB OwWDN

Question No: 6 of 10 (Marks: 1) - Please choose one

We can draw eight points corresponding to each (x , y) point calculation in drawing
algorithm.

Sutherland

Mid Clipping

Mid Point Circle
Sutherland Clipping
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Question No: 7 of 10 (Marks: 1) - Please choose one
the horizontal refresh ----------------------- oo o-——-

Isno longer used in any system
Is distracting and can cause eye fatigue
eye into thinking the horizontal refresh rate is faster

Question No: 8 of 10 (Marks: 1) - Please choose one
Computer graphicsis very helpful in producing graphical representations for scientific visualization.

True (Page9)
False

Question No: 9 of 10 (Marks: 1) - Please choose one
In video text memory, are used to display a character.

2 bytes (Page 43)
4 bytes

8 bytes

16 bytes

Question No: 10 of 10 (Marks: 1) - Please choose one
The basis functions fi(u) in Bezier curve must be symmetric with respect to u and (u-2)

Yes
No (Page 341)

Question No: 1 of 10 ( Marks: 1) - Please choose one
Three or more pointsthat lie on the same line are called

Singular

Collinear (Page 53)
Line slop

Line slop and Singular

Question No: 2 of 10 ( Marks: 1) - Please choose one
Cross product of two vectorsresult in a
Magnitude
Vector (Page 116)
Scalar
Vaue
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Question No: 3of 10 ( Marks: 1) - Please choose one

Tomovea from one location to another, we translate the center point and redraw the

same using new center point.

Hyperbola
Parabola

Circle (Page 119)
Line

Question No: 4 of 10 ( Marks: 1) - Please choose one
isthe set of pointsthat are equidistant from its origin.

Line

Parabola
Circle (Page 59)
Ellipse

Question No: 5of 10 ( Marks: 1) - Please choose one
It is safe to assume that all raster-type monitors can accept the same input

True
False

Question No: 6 of 10 ( Marks: 1) - Please choose one
Twice the radius of circleis called as

Area

Diameter (Page 59)
2*Pi Radian
Circumference

Question No: 7 of 10 (Marks: 1) — Please choose one
Both Boundary Filling and Flood filling algorithms are non-recursive techniques.

1. True
2. False (Page 102)
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Question No: 8 of 10 (Marks: 1) - Please choose one
We can take transpose of any matrix.

e True
e False
Question No: 9 of 10 (Marks: 1) - Please choose one

Normalized cross product of two vectors on that surface provides normal vector

YES (Page 347)
NO

Question No: 10 of 10 (Marks: 1) - Please choose one
Set up your tripod and pointing the camera at the scene

projection transformation

viewport transformation

modeling transformation

viewing transformation (Page 372)

Question No: 1 of 10 (Marks: 1) - Please choose one
isbased on characteristic size or scale

Fractal Geometry

Traditional Geometry

Euclidean Geometry

None of Above

Question No: 2 of 10 (Marks: 1) - Please choose one

Bernstein polynomial functions are the basic functions of Cur ves.
NURBS

Bezier

Both NURBS and Bazier (Page 342) not confirm

None of the given

Question No: 3of 10 (Marks: 1) - Please choose one
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Silhouette edges occur when dot product of surface normal vector and the view vector is
Zero (Page 345)

One

Both zero and one

None of the given

Question No: 4 of 10 (Marks: 1) - Please choose one
A fractal is generally a property called

Fractal Dimension

Self-similarity

Koch Curve

None of above

Question No: 50of 10 (Marks: 1) - Please choose one
The curve is always contained within the of the control points

Tangents

Convex Hull (Page 340)
Subdivision

None of Above

Question No: 6 of 10 (Marks: 1) - Please choose one
OpenGL function is used for aiming and positioning the camera towards the object

glLoadldentity()

gluL ookAt() (Page 374)
glFrustum()

None of Above

Question No: 7 of 10 (Marks: 1) - Please choose one
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Bezier curve can represent the mor e complex piecewise curve.
Polynomial (Page 338)

Exponential

Cubic

None of above

Question No: 8 of 10 (Marks: 1) - Please choose one

Per spective projection is specified with the function glFrustum().
Y es (Page 376)

No

Question No: 9 of 10 (Marks: 1) - Please choose one

Line connecting any two points within a polygon does not intersect any edge, then it will be a
polygon.

Convex (Page 79)

Concave

Complex

None of the given

Question No: 10 of 10 (Marks: 1) - Please choose one
The tests are performed for the midpoints between pixels near the circle path at each
sampling step.

Parabola function

Eclipse function
Circlefunction (Page 62)
Line function

Question No: 1 of 10 ( Marks: 1) - Please choose one

actual filling process in boundary filling algorithm begins when a point of thefigureis
selected.

Outside the boundary

Insidethe boundary (Page 102) rep

At boundary

None of the given

Question No: 2 of 10 (Marks: 1) - Please choose one
Each hyperbola consists of two
Vertices

Nodes

Branches (Page 70)

Points

Question No: 3of 10 (Marks: 1) - Please choose one

13
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Rotating a point requires
The coordinates for the point
Therotation angles

Both of above (Page 180)
None of given

Question No: 4 of 10 (Marks: 1) - Please choose one
Vectors can be multiplied in a way

Dot product

Cross product

Both of above (page 176)

None of given

Question No: 50of 10 (Marks: 1) - Please choose one

Shortcoming of Sutherland-Hodgeman Algorithm is concave polygons may be displayed with extensors
lines

True (Page 244)

False

Question No: 6 of 10 (Marks: 1) - Please choose one
The process of subdivision an entity or surface into one or more non-overlapping primitives.

Rendering

Modeling

Meshing

None of above (page 259)

Question No: 7 of 10( Marks: 1) - Please choose one
In Trivial acceptance/reject test there are four bits of nine regions, Bit 4 represents condition

Outside half plane of Ieft edge, to the left of left edge X < Xmin (Page 143)
Outside half plane of right edge, to the right of right edge X > Xmax

Outside half plane of bottom edge, below bottom edge Y < Ymin

Outside half plane of top edge, abovetop edgeY > Y max

Question No: 8of 10 (Marks: 1) - Please choose one
In Trivia acceptance/regject test there are four bits of nine regions, Bit 2 represents condition

Outside half plane of |eft edge, to the left of left edge X < Xmin

Outside half plane of right edge, to the right of right edge X > Xmax

Outside half plane of bottom edge, below bottom edge Y < Ymin (page 143)
Outside half plane of top edge, abovetop edgeY > Y max

Question No: 9 of 10 (Marks: 1) - Please choose one

14
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is the process of describing an object or scene so that we can construct an image of it

Rendering

Modeling (Page 164)
Meshing

None of above

Question No: 10 of 10 (Marks: 1) - Please choose one
Sutherland-Hodgeman clipping algorithm clips any polygon against a concave clip polygon

True
False (Page 244)

Question No: 1 of 10 (Marks: 1) - Please choose one
Process of moving pointsin spaceis caled

Rendering

Modeling

Meshing

None of above (Page 259)

Question No:2of 10 (Marks: 1) - Please choose one
When scaling factor Sx and Sy are assigned the same value, scaling is produced that
maintains relative object proportions.

Uniform (page 121)
Unequal

Multiform

Equal

Question No: 3of 10 (Marks: 1) - Please choose one
transformation produces shape distortions as if objects were composed of layers that
are caused to dide over each other.

Rotation
Trandation
Reflection

Shear (Page 129)

Question No: 4 of 10 (Marks: 1) - Please choose one

Global coordinate systems can be defined with respect to local coordinate system
True

False (Page 163)

Question No: 1 of 10 (Marks: 1) - Please choose one

15
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The given primitives are clipped to the boundaries of and primitiveslying outside are
not drawn.

Clipping polygon

Clipping circle

Clipping rectangle (Page 247)
Clipping Line

Question No: 50of 10 (Marks: 1) - Please choose one
In 2D transformation, can be achieved by rotating the object about 180 degr ees.

Trandation

Scaling

Shear

Reflection (page 191)

Question No: 6 of 10 (Marks: 1) - Please choose one
Discard a linewith both endpoints outside clipping boundariesis called as

Trivial reect (Page 142)
Trivial accept

Total outside

Total inside

Question No: 7 of 10 (Marks: 1) - Please choose one
In transformation one coordinateis held fixed and the other coordinate or coordinates
are shifted.

Rotation

Reflection

Shear click here for detail
Scaling

Question No: 8of 10 (Marks: 1) - Please choose one
L ocations can betrandated or " transformed" from one coordinate system to the other. Select correct
option:

True (Page163)
Fase

Question No: 9 of 10 (Marks: 1) - Please choose one
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Geometric patternsthat isrepeated at ever smaller scalesto produceirregular shapesand surfacesare
called

Geometric patterns
Fractals (page 352)
Animated components

Segments

Question No: 10 of 10 (Marks: 1) - Please choose one
Bezier curveistangent to thelines connecting
First two points

Last two points

Fist two pointsand last two point (Page 340)
None of the given

Question No: 1 of 10 (Marks: 1) - Please choose one
Intensity of the electron beam is controlled by setting levels on the control grid, a metal
cylinder that fits over the cathode.

» Amplitude

» Current

» Voltage (Page 26)
» electron

Question No: 2 of 10 (Marks: 1) - Please choose one
Using Cohen-Sutherland line clipping, it isimpossible for a vertex to be labeled 1111.

> true
» false

Question No: 3of 10 (Marks: 1) - Please choose one
Shadow mask methods can display a range of colours.

» Small

> Wide (Page 29)
» Random

» crazy

17
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Question No: 4 of 10 (Marks: 1) - Please choose one
Which one of the following step is not involved to write pixel using video BIOS services.

P Setting desired video mode

» Using bios service to set color of a screen pixel

» Calling bios interrupt to execute the process of writing pixel.

» Using OpenGL service to set color of a screen pixel (Page 45)

Question No: 50of 10 (Marks: 1) - Please choose one

Each number that makesup a matrix iscalled an of the matrix.
» Element (page 106)

» Variable

» Value

» component
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Question No : 1 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

Interlacing the horizontal refresh -----------cmmcomceeee -

-

Answer { Please select your correct option )

Is no longer used i any system
~

Is necessary because of the shape of the rods in the human eye

Is distracting and can cause eye fatigue

Fools the human eye into thinking the honzontal refresh rate 1s faster

Correct answer solve by hadi

More detail: usmanrajZO@gme Bs- mdqdp Siddhu




Question No : 2 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

It 15 safe to assume that all raster-type monitors can accept the same input =
jod
Answer { Please select your correct option )
False
Correct answer solve by hadi
o More detail: usmanraj20@gmail.com
True




Question No : 3 of 26 Marks: 1 (Budgeted Time 1 Min) (=]
Both Boundary Filling and Flood filling algonthms are non-recursive techniques, =
jod
Answer { Please select your correct option )
False .
Correct answer solve by hadi
5 More detail: usmanraj20@gmail.com
True
£




Question No : 4 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

When defining a mesh of triangles that define the boundary of a solid, you set it up so that all of the triangles along the skin are ordered when viewed from the outside. =

Answer { Please select your correct option )

-

Perpendicular
Parallel
Closlemse Correct answer solve by hadi
page: 262 More detail: usmanraj20@gmail.com
Anticlockwise

Weide By: Welgear Siddhu




Question No : 5 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

We can not explain relationship between 3, Y and Z coordinates using the left hand rule. =
jod
Answer { Please select your correct option )
False
£
True

Correct answer solve by hadi
o More detail: usmanraj20@gmail.com

Weide By: Weageir Hiddhu




Question No : 6 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

B e 1s the set of all points (x, y) that are the same distance from the directrix and focus not on the directrix. =
jod
Answer { Please select your correct option )
Circle
~
Hyperbola
~
Parabola "
Correct answer solve by hadi
F - ° -
' More detail: usmanraj20@gmail.com
Weade By: Weacdgar Siddhu




Question No : 7 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Rotating a point requires that you know the coordinates for the point, and also know the rotation angles. =
Answer { Please select your correct option )
False
£
True

Correct answer solve by hadi
~ More detail: usmanraj20@gmail.com

Weide By: Weageir Hiddhu




Question No : & of 26 Marks: 1 (Budgeted Time 1 Min) (=]

The boundary-fill method requires the coordmmates of =
fod |
Answer { Please select your correct option )
Starting point Correct answer solve by hadi
&, . . .
More detail: usmanraj20@gmail.com
Filling colour
P
Boundary colour
~
All of the given
& -
MWeade By: Wacdgar Siddhu




Question No : 9 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Both Boundary Filling and Flood filling algorithms are than scan line filling algorithm. =
jod
Answer { Please select your correct option )
None of the given
-~
Better Correct answer solve by hadi
(& o .
More detail: usmanraj20
Ztematd-com
Worse
~
Almost same
C -
MWeade By: Wacdgar Siddhu




Question No : 10 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Discard a line with both endpomts outside clipping boundaries 15 called as -------------conuvv =
jod
Answer { Please select your correct option )
Trivial Reject Correct answer solve by hadi
S More detail: usmanraj20@gmail.com
Trnwial Accept
P

None of the grven

Total outside

Weide By: Welgear Siddhu




Question No : 11 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Because clipping against one edge is independent of all others,so it 15 impossible to arrange the clipping stages in a pipeline. =
Answer { Please select your correct option )
True
®
False
Correct answer solve by hadi
. More detail: usmanraj20@gmail.com
Weide By: Weiceir Siddhu




Question No : 12 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

If the polygons are filled, line-clipping techniques are sufficient to clip it. =
jod
Answer { Please select your correct option )

True
®

False Correct answer solve by hadi

More detail: usmanraj20@gmail.com

®




Question No : 13 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

According to the architecture of raster graphics system, display processor memory will act as ; =

Answer { Please select your correct option )

Video controller

p
System memory Correct answer solve by hadi

& More detail: usmanraj20(@gmail.com
Frame buffer but reserved for the

s frame buffer

None of the given

Weide By: Welgear Siddhu




Question No : 14 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

In video text memory, are used to display a character. =
o |
Answer { Please select your correct option )
2 bytes Correct answer solve by hadi
& More detail: usmanraj20@gmail com
4 bytes
-
8 bytes
-~
16 bytes
& -
MWeade By: Wacdgar Siddhu




Question No : 15 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

WVarious curve functions are useful in

=

Answer { Please select your correct option )

-

Object modeling

Correct answer solve by hadi
More detail: usmanraj20@gmail com

Graphics applications

All of the given

Animation path specifications

Weide By: Welgear Siddhu




Question No : 16 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

transformation produces shape distortions as if objects were composed of layers that are caused to slide over each other. =
i
Answer { Please select your correct option )
Translation
-~
Reflection
-
Shear Correct answer solve by hadi
' More detail: usmanraj20(@gmail.com
Rotation
£

Weide By: Welgear Siddhu




Question No : 17 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In projection, lines which are perpendicular to the projection plane are projected at ; =
i
Answer { Please select your correct option )
" Cabinet , 1/2 length Correct answer solve by hadi 194

More detail: usmanraj20@gmail.com

Cavalier , 1/2 length

Cabinet , No change in length

Cavalier , No change in length

Weide By: Welgear Siddhu




Question No : 18 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

This projection technique has the direction of projection perpendicular to the wiewing plane, and the wiewing direction 1s perpendicular to one of the principle faces. =

Answer { Please select your correct option )

Axonometric Parallel Projection
-~
Oblique Parallel Projection
P
Orthographic Parallel Projection Correct answer solve by hadi
& More detail: usmanraj20{@gmail.com
None of the given
C -
MWeade By: Wacdgar Siddhu




Question No : 19 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

First step of triangle rasterization is to be able to

a solid filled triangle.

=

Answer { Please select your correct option )

Rotate
-~
Render
3 Correct answer solve by hadi
& page21] More detail: usmanraj20/@gmail.com
Redraw
~
None of the given
C -
Weade By: Wagar Siddhu




Question No : 20 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

Computer Graphics are used in

=

Answer { Please select your correct option )

Gare development
~
Mowies development
-
Simulations
-~
All of the given Correct answer solve by hadi
- More detail: usmanraj20@gmail.com -
Weade By: Wagar Siddhu




Marks: 1 (Budgeted Time 1 Min) (=]

Question No : 1 of 26
Monochrome Adapter (WA) 15 a single color adapter

Answer ( Please select your correct option )

True
Correct answer solve by hadi
More detail: usmanraj20@gmail. com

False

Weide By: Wealgear Siddhu




Marks: 1 (Budgeted Time 1 Min) (=]

Question No : 2 of 26
We can explain relationship between 2{, ¥ and Z coordinates using the left hand rule.

Answer ( Please select your correct option )

False
Correct answer solve by hadi
More detail: usmanraj20(@gmail.com

True

Weide By: Wdcgear Siddhu




Marks: 1 (Budgeted Time 1 Min) (=]

Question No : 3 of 26

The last column of an affine transform matriz does not affect vectors.

Answer ( Please select your correct option )

True
Correct answer solve by hadi
More detail: usmanraj20@gmail.com

False

Weide By: Wdcgear Siddhu




Marks: 1 (Budgeted Time 1 Min) (=]

Question No : 4 of 26

Plasma-panel Displays use a gas mixture and phosphorus coating for showing display.

Answer ( Please select your correct option )

False
Correct answer solve by hadi
More detail: usmanraj20@gmail.com

True

Weide By: Wdcgear Siddhu




Question No : 5 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

(2*fa®)—(y*/b*)=11s an equation of

Answer ( Please select your correct option )

Circle
-
Parabola
D
Hyperbola page: 70 Correct answer solve bv hadi
o More detail: usmanraj20@gmail com
Ellipse
r -
Weade By: Wagar Siddhu



Question No : 6 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

There are basic types of polygon.

Answer ( Please select your correct option )

(u

2
3 Correct answer solve by hadi
More detail: usmanraj20{@gmail.com
4
10

Yede By: Welcgear Siddhu



Question No : 7 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

polygons are basically concave polygons that may have self-intersecting edges.

Answer ( Please select your correct option )

(u

Complex

Correct answer solve by hadi
More detail: usmanraj20@gmail.com

None of the given

Hybrid

Convex

Yede By: Welcgear Siddhu



Question No : § of 26 Marks: 1 (Budgeted Time 1 Min) (=]

The actual filling process in boundary filling algonthm begmns when a point of the figure 1s selected. =

Answer ( Please select your correct option )

Qutside the boundary
~
Inside the boundary Correct answer solve by hadi
. More detail: usmanraj20{@gmail com
At boundary
~
None of the given
£ -
| Weade By: Wagar Siddhu



Question No : 9 of 26 Marks: 1 (Budgeted Time 1 Min) (=]
In Trivial acceptancefreject test there are four bits of nine regions, Bit1 represents condition =
note: if bit 3 then
open 2 and if bit 4
then option 1 and if
bit 2bit then open 3.
Answer ( Please select your correct option )
Outside half plane of left edge, to the left of left edge 3 < Xmin
(ﬁ
Outside half plane of right edge, to the right of right edge X = X{max
D
Outside half plane of bottom edge, below bottom edge ¥ < Ymin
r
Qutside half plane of top edge, above top edge ¥ > Ymax Correct answer solve by hadi
e More detail: usmanrajZd@gm =
dde By: Wagear Siddhu



Question No : 10 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Polygons consisting of can cause problems when rendering.

Answer ( Please select your correct option )

Non-co-planar vertices Correct answer solve by hadi
& More detail: usmanraj20@gmail.com

Co-planar vertices

On any vertex

None of the given

E Made By: Wagar Siddhu




Question No : 11 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

The homogeneous coordinates for 3D translation can be expressed as

Answer ( Please select your correct option )

None of the given

o
P =T (, tx, &) + P
£
P'=T(0,0,0)+P
&

PP=T(xty tz). P Correct answer solve by hadi

| & More detail: usmanraj20@gmail.com m dde 33: mdqdp S- ! !-! u




Question No : 12 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

1s the tendency of the text to flash as it moves up or down.

Answer ( Please select your correct option )

Flickering Correct answer solve by hadi
C More detail: usmanraj20@gmail com
Snow
D
Distortion
~
None of the given
r -
| Weade By: Wagar Siddhu



Question No : 13 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

is the flurry of bright dots that can appear anywhere on the screen. =]
fod|
Answer ( Please select your correct option )
Flickering
-
Snow effect Correct answer solve by hadi
e page: 38 More detail: usmanraj20@gmail com
Distortion
~
MNone of the given
C -
Weade By: Wagar Siddhu



Question No : 14 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In video text memory, are used to display a character. 2
=
Answer ( Please select your correct option )
2 bytes
C Cortrect answer solve by hadi
More detail: usmanraj20@gmail.com
4 bytes
£
8 bytes
P
16 bytes
C .
Weade By: Wagar Siddhu



Question No : 15 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In

algorithm, old color must be read before it is invoked.

Answer ( Please select your correct option )

(u

Scanline filling

Fload:fl Correct answer solve by hadi
More detail: usmanraj20{@gmail.com

Both scan line and flood fill

MNone of the given

Yede By: Welcgear Siddhu



Question No : 16 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In

transformation one coordinate is held fixed and the other coordinate or coordinates are shifted.

Answer ( Please select your correct option )

(u

Rotation

Reflection

Shear Correct answer solve by hadi
More detail: usmanraj20@gmail. com

MNone of the given

Yede By: Welcgear Siddhu



Question No : 17 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

The dot product of two vectors A and B is  Iff the angle between them is less than 90 or greater than 270 degrees. 2
fod|
Answer ( Please select your correct option )
Greater than zero (0
- ) Correct answer solve by hadi
More detail: usmanraj20@gmail.com

Less than zero (0)

Equal to Zero (0)

MNone of the given

E Made By: Wagar Siddhu




Question No : 18 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In

projection, all lines perpendicular to the projection plane are projected with no change in length.

Answer ( Please select your correct option )

(u

Cavalter and Cabinet

Cabinet

Cavalier Correct answer solve by hadi
More detail: usmanraj20{@gmail. com

None of the given

Yede By: Welcgear Siddhu



Question No : 19 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

First step of triangle rasterization is to be able to a solid filled triangle.

Answer ( Please select your correct option )

Rotate
-
Render Correct answer solve by hadi
£ More detail: usmanraj20@gmail.com
Redraw
~
None of the given
r -
| Weade By: Wagar Siddhu



Question No : 20 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

If the value of scaling factors 8x and Sy is greater than 1, then size of objects will be

Answer ( Please select your correct option )

Reduced
-
. Ealarged 1 Correct answer solve bv hadi
More detail: usmanraj20{@gmail.com
Remain same
~
None of the given
r -
Weade By: Wagar Siddhu



Question No : 1 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

Interlacing the horizontal refresh -----------cmmcomceeee -

-

Answer { Please select your correct option )

Is no longer used i any system
~

Is necessary because of the shape of the rods in the human eye

Is distracting and can cause eye fatigue

Fools the human eye into thinking the honzontal refresh rate 1s faster

Correct answer solve by hadi

More detail: usmanrajZO@gme Bs- mdqdp Siddhu




Question No : 2 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

It 15 safe to assume that all raster-type monitors can accept the same input =
jod
Answer { Please select your correct option )
False
Correct answer solve by hadi
o More detail: usmanraj20@gmail.com
True




Question No : 3 of 26 Marks: 1 (Budgeted Time 1 Min) (=]
Both Boundary Filling and Flood filling algonthms are non-recursive techniques, =
jod
Answer { Please select your correct option )
False .
Correct answer solve by hadi
5 More detail: usmanraj20@gmail.com
True
£




Question No : 4 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

When defining a mesh of triangles that define the boundary of a solid, you set it up so that all of the triangles along the skin are ordered when viewed from the outside. =

Answer { Please select your correct option )

-

Perpendicular
Parallel
Closlemse Correct answer solve by hadi
page: 262 More detail: usmanraj20@gmail.com
Anticlockwise

Weide By: Welgear Siddhu




Question No : 5 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

We can not explain relationship between 3, Y and Z coordinates using the left hand rule. =
jod
Answer { Please select your correct option )
False
£
True

Correct answer solve by hadi
o More detail: usmanraj20@gmail.com

Weide By: Weageir Hiddhu




Question No : 6 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

B e 1s the set of all points (x, y) that are the same distance from the directrix and focus not on the directrix. =
jod
Answer { Please select your correct option )
Circle
~
Hyperbola
~
Parabola "
Correct answer solve by hadi
F - ° -
' More detail: usmanraj20@gmail.com
Weade By: Weacdgar Siddhu




Question No : 7 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Rotating a point requires that you know the coordinates for the point, and also know the rotation angles. =
Answer { Please select your correct option )
False
£
True

Correct answer solve by hadi
~ More detail: usmanraj20@gmail.com

Weide By: Weageir Hiddhu




Question No : & of 26 Marks: 1 (Budgeted Time 1 Min) (=]

The boundary-fill method requires the coordmmates of =
fod |
Answer { Please select your correct option )
Starting point Correct answer solve by hadi
&, . . .
More detail: usmanraj20@gmail.com
Filling colour
P
Boundary colour
~
All of the given
& -
MWeade By: Wacdgar Siddhu




Question No : 9 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Both Boundary Filling and Flood filling algorithms are than scan line filling algorithm. =
jod
Answer { Please select your correct option )
None of the given
-~
Better Correct answer solve by hadi
(& o .
More detail: usmanraj20
Ztematd-com
Worse
~
Almost same
C -
MWeade By: Wacdgar Siddhu




Question No : 10 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Discard a line with both endpomts outside clipping boundaries 15 called as -------------conuvv =
jod
Answer { Please select your correct option )
Trivial Reject Correct answer solve by hadi
S More detail: usmanraj20@gmail.com
Trnwial Accept
P

None of the grven

Total outside

Weide By: Welgear Siddhu




Question No : 11 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Because clipping against one edge is independent of all others,so it 15 impossible to arrange the clipping stages in a pipeline. =
Answer { Please select your correct option )
True
®
False
Correct answer solve by hadi
. More detail: usmanraj20@gmail.com
Weide By: Weiceir Siddhu




Question No : 12 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

If the polygons are filled, line-clipping techniques are sufficient to clip it. =
jod
Answer { Please select your correct option )

True
®

False Correct answer solve by hadi

More detail: usmanraj20@gmail.com

®




Question No : 13 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

According to the architecture of raster graphics system, display processor memory will act as ; =

Answer { Please select your correct option )

Video controller

p
System memory Correct answer solve by hadi

& More detail: usmanraj20(@gmail.com
Frame buffer but reserved for the

s frame buffer

None of the given

Weide By: Welgear Siddhu




Question No : 14 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

In video text memory, are used to display a character. =
o |
Answer { Please select your correct option )
2 bytes Correct answer solve by hadi
& More detail: usmanraj20@gmail com
4 bytes
-
8 bytes
-~
16 bytes
& -
MWeade By: Wacdgar Siddhu




Question No : 15 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

WVarious curve functions are useful in

=

Answer { Please select your correct option )

-

Object modeling

Correct answer solve by hadi
More detail: usmanraj20@gmail com

Graphics applications

All of the given

Animation path specifications

Weide By: Welgear Siddhu




Question No : 16 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

transformation produces shape distortions as if objects were composed of layers that are caused to slide over each other. =
i
Answer { Please select your correct option )
Translation
-~
Reflection
-
Shear Correct answer solve by hadi
' More detail: usmanraj20(@gmail.com
Rotation
£

Weide By: Welgear Siddhu




Question No : 17 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In projection, lines which are perpendicular to the projection plane are projected at ; =
i
Answer { Please select your correct option )
" Cabinet , 1/2 length Correct answer solve by hadi 194

More detail: usmanraj20@gmail.com

Cavalier , 1/2 length

Cabinet , No change in length

Cavalier , No change in length

Weide By: Welgear Siddhu




Question No : 18 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

This projection technique has the direction of projection perpendicular to the wiewing plane, and the wiewing direction 1s perpendicular to one of the principle faces. =

Answer { Please select your correct option )

Axonometric Parallel Projection
-~
Oblique Parallel Projection
P
Orthographic Parallel Projection Correct answer solve by hadi
& More detail: usmanraj20{@gmail.com
None of the given
C -
MWeade By: Wacdgar Siddhu




Question No : 19 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

First step of triangle rasterization is to be able to

a solid filled triangle.

=

Answer { Please select your correct option )

Rotate
-~
Render
3 Correct answer solve by hadi
& page21] More detail: usmanraj20/@gmail.com
Redraw
~
None of the given
C -
Weade By: Wagar Siddhu




Question No : 20 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

Computer Graphics are used in

=

Answer { Please select your correct option )

Gare development
~
Mowies development
-
Simulations
-~
All of the given Correct answer solve by hadi
- More detail: usmanraj20@gmail.com -
Weade By: Wagar Siddhu




Marks: 1 (Budgeted Time 1 Min) (=]

Question No : 1 of 26
Monochrome Adapter (WA) 15 a single color adapter

Answer ( Please select your correct option )

True
Correct answer solve by hadi
More detail: usmanraj20@gmail. com

False

Weide By: Wealgear Siddhu




Marks: 1 (Budgeted Time 1 Min) (=]

Question No : 2 of 26
We can explain relationship between 2{, ¥ and Z coordinates using the left hand rule.

Answer ( Please select your correct option )

False
Correct answer solve by hadi
More detail: usmanraj20(@gmail.com

True

Weide By: Wdcgear Siddhu




Marks: 1 (Budgeted Time 1 Min) (=]

Question No : 3 of 26

The last column of an affine transform matriz does not affect vectors.

Answer ( Please select your correct option )

True
Correct answer solve by hadi
More detail: usmanraj20@gmail.com

False

Weide By: Wdcgear Siddhu




Marks: 1 (Budgeted Time 1 Min) (=]

Question No : 4 of 26

Plasma-panel Displays use a gas mixture and phosphorus coating for showing display.

Answer ( Please select your correct option )

False
Correct answer solve by hadi
More detail: usmanraj20@gmail.com

True

Weide By: Wdcgear Siddhu




Question No : 5 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

(2*fa®)—(y*/b*)=11s an equation of

Answer ( Please select your correct option )

Circle
-
Parabola
D
Hyperbola page: 70 Correct answer solve bv hadi
o More detail: usmanraj20@gmail com
Ellipse
r -
Weade By: Wagar Siddhu



Question No : 6 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

There are basic types of polygon.

Answer ( Please select your correct option )

(u

2
3 Correct answer solve by hadi
More detail: usmanraj20{@gmail.com
4
10

Yede By: Welcgear Siddhu



Question No : 7 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

polygons are basically concave polygons that may have self-intersecting edges.

Answer ( Please select your correct option )

(u

Complex

Correct answer solve by hadi
More detail: usmanraj20@gmail.com

None of the given

Hybrid

Convex

Yede By: Welcgear Siddhu



Question No : § of 26 Marks: 1 (Budgeted Time 1 Min) (=]

The actual filling process in boundary filling algonthm begmns when a point of the figure 1s selected. =

Answer ( Please select your correct option )

Qutside the boundary
~
Inside the boundary Correct answer solve by hadi
. More detail: usmanraj20{@gmail com
At boundary
~
None of the given
£ -
| Weade By: Wagar Siddhu



Question No : 9 of 26 Marks: 1 (Budgeted Time 1 Min) (=]
In Trivial acceptancefreject test there are four bits of nine regions, Bit1 represents condition =
note: if bit 3 then
open 2 and if bit 4
then option 1 and if
bit 2bit then open 3.
Answer ( Please select your correct option )
Outside half plane of left edge, to the left of left edge 3 < Xmin
(ﬁ
Outside half plane of right edge, to the right of right edge X = X{max
D
Outside half plane of bottom edge, below bottom edge ¥ < Ymin
r
Qutside half plane of top edge, above top edge ¥ > Ymax Correct answer solve by hadi
e More detail: usmanrajZd@gm =
dde By: Wagear Siddhu



Question No : 10 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

Polygons consisting of can cause problems when rendering.

Answer ( Please select your correct option )

Non-co-planar vertices Correct answer solve by hadi
& More detail: usmanraj20@gmail.com

Co-planar vertices

On any vertex

None of the given

E Made By: Wagar Siddhu




Question No : 11 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

The homogeneous coordinates for 3D translation can be expressed as

Answer ( Please select your correct option )

None of the given

o
P =T (, tx, &) + P
£
P'=T(0,0,0)+P
&

PP=T(xty tz). P Correct answer solve by hadi

| & More detail: usmanraj20@gmail.com m dde 33: mdqdp S- ! !-! u




Question No : 12 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

1s the tendency of the text to flash as it moves up or down.

Answer ( Please select your correct option )

Flickering Correct answer solve by hadi
C More detail: usmanraj20@gmail com
Snow
D
Distortion
~
None of the given
r -
| Weade By: Wagar Siddhu



Question No : 13 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

is the flurry of bright dots that can appear anywhere on the screen. =]
fod|
Answer ( Please select your correct option )
Flickering
-
Snow effect Correct answer solve by hadi
e page: 38 More detail: usmanraj20@gmail com
Distortion
~
MNone of the given
C -
Weade By: Wagar Siddhu



Question No : 14 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In video text memory, are used to display a character. 2
=
Answer ( Please select your correct option )
2 bytes
C Cortrect answer solve by hadi
More detail: usmanraj20@gmail.com
4 bytes
£
8 bytes
P
16 bytes
C .
Weade By: Wagar Siddhu



Question No : 15 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In

algorithm, old color must be read before it is invoked.

Answer ( Please select your correct option )

(u

Scanline filling

Fload:fl Correct answer solve by hadi
More detail: usmanraj20{@gmail.com

Both scan line and flood fill

MNone of the given

Yede By: Welcgear Siddhu



Question No : 16 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In

transformation one coordinate is held fixed and the other coordinate or coordinates are shifted.

Answer ( Please select your correct option )

(u

Rotation

Reflection

Shear Correct answer solve by hadi
More detail: usmanraj20@gmail. com

MNone of the given

Yede By: Welcgear Siddhu



Question No : 17 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

The dot product of two vectors A and B is  Iff the angle between them is less than 90 or greater than 270 degrees. 2
fod|
Answer ( Please select your correct option )
Greater than zero (0
- ) Correct answer solve by hadi
More detail: usmanraj20@gmail.com

Less than zero (0)

Equal to Zero (0)

MNone of the given

E Made By: Wagar Siddhu




Question No : 18 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

In

projection, all lines perpendicular to the projection plane are projected with no change in length.

Answer ( Please select your correct option )

(u

Cavalter and Cabinet

Cabinet

Cavalier Correct answer solve by hadi
More detail: usmanraj20{@gmail. com

None of the given

Yede By: Welcgear Siddhu



Question No : 19 of 26 Marks: 1 (Budgeted Time 1 Min) (=]

First step of triangle rasterization is to be able to a solid filled triangle.

Answer ( Please select your correct option )

Rotate
-
Render Correct answer solve by hadi
£ More detail: usmanraj20@gmail.com
Redraw
~
None of the given
r -
| Weade By: Wagar Siddhu



Question No : 20 of 26

Marks: 1 (Budgeted Time 1 Min) (=]

If the value of scaling factors 8x and Sy is greater than 1, then size of objects will be

Answer ( Please select your correct option )

Reduced
-
. Ealarged 1 Correct answer solve bv hadi
More detail: usmanraj20{@gmail.com
Remain same
~
None of the given
r -
Weade By: Wagar Siddhu
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Wuestion Mo @ 1 of 26

Marks: 1 (Budoeeed Time § i) l,d

Manochrorae Adapter (LAY 55 2 2ingle color adapter

BAnawer | Please select your comes) opion )

'Tt-“t A Uond Kduewihen s 5 Fmeasstine For o Hevter Fobues
CORRECT ANSWER SOLVED BY HATM
: EMATL - hadirajputoffie mail com
L WHATSAPPE CALL-OF0871 29923
False
.
PRAY FOR ME . THANES{ Team Hadi Lahore)Whatsapp: 03087122922




Wuestion Mo ¢ 2 of 26

Marks: 1 (Budoeeed Time § i)

B

We can explan relationzhip betereen 30 Y and Z cosvdinates using the lof hand nale.

&nawer | Please select your comes) oprion )

Falze

A Gond Edomawine ie & Foomdesion For o Berrmer Fiarors

CORRECT ANSWER SOLVED BY HADI

EMAIL hadirnjputofficinl@gmail com
WHATSAPPE& CALL 03087122922

True

MADE BY HADI

PRAY FOR ME | THANES! Team Hadi Lahore/Whatsapp: 03087122022




Gluestion Mo ;3 of 26 Marks: 1 (Budoeeed Time § i) lﬂ

The last cohunn of an affine ransform mams dsee not affect seotees

&nawer | Please select your comes) oprion )

Teue

A Gopd Eihararion i3 a Foosdacion For n Beroer Fooormes

~ CORRECT ANSWER SOLVED BY HADI

EMAIL hadirsj putoficialBemail com
WHATSAPP&E CALLOS0RTIZ2G22

Falss

" MADE BY HADI

PRAY FOR ME . THANKS( Team Hadi LahoreyWhatsapp: 03087122922




Wuestion Mo ; 4 af 26

Marks: 1 (Budoeeed Time § i)

B

Flasroa-pane] Dizplavz uze & gaz mooturs and phoephons coating for shownng dizplas

&nawer | Please select your comes) oprion )

Ealere 8, Gaod Edeacion & o Frondarion For & Bavoer Furan
CORRECT ANSWER SOLVED BY HADI
- Al L hada rnjpntnﬂ":-.'_-'inl:'siiﬂn"-l'l ~OTm
WHATSAPPE CALL-O308T122522
True

MADE BY HADI

PRAY FOR ME . THANES{ Team Hadi Lahor :‘l‘v‘-.hllHH:.-rl 0307122922




Wuestion Mo : 5 af 26

Marks: 1 (Budgeted Time 1 i) (=]

cElaf - (7R =15 & equanon of

BAnawer | Please select your comes) oprion )

Carrle
Parabola
|2 5
H],rFIEThI':I!E A Do Edorstann i s Foowdsian Por s Bettssr Fobuars
£ CORRECT AMSWER SOLVED BY HADI
EMATL: hadivajputoflfieis gy
WHATSAPP&E CALLOSOETI 22922
Ellipge
-




Wuestion Mo ; 6 of 26

Marks: 1 (Budoeeed Time § i)

B

Thers are bas trpes of palygen

B&nawer | Please select your comee) oprion )

5
_;' A Good Edocscies ic o Founlacios For 4 Bermer Fulueo
1 CORRECT ANSWER S0LVED BY HADI
EMAIT  hadirajputofficial@email com
WHATSAPPE CALL-QFI0R 7129902
4
-~
~
PEAY FOR ME HANKS{ Team Hadi Lahore)Whatsapp: 03087122622




Gluestionm Mo ¢ 7 of 26 Marks: 1 (Budoeeed Time § i) lﬂ

podvgens are bazically concave polrgons that may hase zelfomterssching edges,

Enawer | Please select your comecl opton ) S =S
o Complex CORREECT ANSWER S0LVED BY HADI
' ExMAT L-hadirajputolbicial@Semadl com
WHATSAPPE CALL-QI0AT 122023
ITane of the preen
~
Hyhrid
-
Coree MADE BY HADI
e~
PRAY FOR ME . THANES! Team Hadi Lahore)Whatzapp: 03087122932




Gluestion Mo : 8 of 26 Marks: 1 (Budoeeed Time § i) lﬂ

The aomal flling procesz o bowndary flling alzonthm begrs when a pot of the Bgare 12 selected,

BAnawer | Please select your comes) oprion )

Ciatards the bomdany

4 el Edisarion is o Founlicios Fof & Betror Furas

Tnsids the boundary
L @ CORRECT ANSWER S0LVED BY HADI

EMAIl-hadirajputefficial@gmail com
WHATEAPPS CALL Q3087122023

At barmdany

———— MADE BY HADI

PRAY FOR ME . THANES( Team Hadi Lahore)Whatsapp: 03087112922




Wuestion Ho ¢ 9 of 26

Marks: 1 (Budoeeed Time § i) la
In Trmal acoeptancefieiect teat there are foor bits of wine regonz, Be1 represents corsdmon

|k

oie 1f T 3 deen
apen 2 and if ba 4
then ogibon 1 and of

bt 2bnt e open 3.
BAnawer | Please select your comecl option )

Citsede balf plane of left edae to the Jeft of left edge 5 < Hnn
.

Chatside half plane of nght edee, ko the night of oeht edae 30> Eman
-

Clutarde half plane of battean edge, below bottorn edge T = Yeun
p

nrtside haf plane of top edge, above topedee ¥ = Tmax
~

- MADE BY HADI



Gluestionm Mo : 10 of 16 Mlarks: § (Budoeeed Time § i) lﬂ

Falvgone consusting of can canze problems when cendenng

BAnawer | Please select your comes) oprion )

'h'l' A el Ediesrinm ic 4 Foumbicios For & Beocor Furure

Bleti-ro-planar mertiees .

ml 5 @ CORRECT ANSWER SOLVED BY HADI
EMAIL hadi rajputofficiali®gmai

WHATSAPPSE CATIL-03087T1S

Co-planar wertices

MADE BY HADI

SenaLhadirajpitotTicial@gmail.comwiatop 008 7222922 Team Hadi Lahore)




Gluestion Mo : 11 of 36 Mlarks: § (Budoeeed Time § i) lﬂ

The homegeneous coordinatez for 300 franslahon con be exprossed as

BAnawer | Please select your comes) oprion )

Haone ofthe green

P=Thtxt+F

P =T(0,0,0+F

A Good Edwadion ic & Fooslarie For @ Beouwr Figiie

FP=T.mm. F CORRECT ANSWER SOLVED BY HADI
e EMAIL badirajputofficial@gmail com A
WHATSAPP& CALL-030RT122922



Gluestion Mo : 12 of 16 Mlarks: § (Budoeeed Time § i) lﬂ

5 the tendency of the test 1o flazh 25 £ meoses wp or dosm

BAnawer | Please select your comes) oprion )

FI.[C}:L'!"’!I'IE B Gy Fdorurion b o Fruslsrios For o Beries Fuliso
L @ CORRECT ANSWER BOLVED BY HATIN
Al badirajputofficial®email com
WHATSATPPE CALL-03087 1220322
Sy
-~
CHetartiet
~
P e e MAD E BY HAD I
[
Eiptsail M:-h'm_iputﬂﬂzr'cfa.hﬂgmm'l.anm'.'.-.‘-mzs.rf.,u.-.u-:ﬂ_’ﬂ!; 7122322 Team Had Lakore)




Gluestion Mo : 15 of 16 Mlarks: § (Budoeeed Time § i) lﬂ

i5 the flurmy of bright dots that can appear amavhers on e seraen

BAnawer | Please select your comes) oprion )

Flickering

E Heiter Putae

=non affact -
= ¢ CORRECT ANSWER SOLVED BY HADI

5 13
page: 38 EMAIL hadirajputofficialEgmail eom
WHATSAPP&E CALL-O30&ET] 223023
Distorticn
-
Morie of the given MAD E BY HAD I
L

Eiptsail M:-h'r'a_ipumﬂ:r'c al@gmall comwhatsapr0308 7122322 Team Had| Lakore)




Gluestion Mo : 14 of 35 Mlarks: § (Budoeeed Time § i) lﬂ

Inwiden text memory, ara uzed o display a characts:

BAnawer | Please select your comes) oprion )

j I':":IITQ'E A Lo Pdocanins b 5 Fu = For o Hetter Fatse
i ﬁ CORRECT ANSWER 54 "B} BY HADI
EMAT I.-}.Illlljlri:ljl'l-l.l Lo e Eima il v
WHATSAPP& CALL-03087122922
4 bnies
~
8 [nies
-~
e MADE BY HADI
Ewailhadirajputofficial@gwail.comiwhatoappo308 7122922 Team Hadl Lahore




Gluestion Mo : 85 of 15 Mlarks: § (Budoeeed Time § i) lﬂ

In daganthm, old calar must be read before itis invoked.

BAnawer | Please select your comes) oprion )

Seanline filing

Eoduraiom s & Foussion Sor @ Betisr Fuogors

Fland fi '
~ oot CORRECT ANSWER SOLVED BY HADM
EMAIL hadirajputofficialE il com

WHATSAPPE CALLOIOETT 229732

Ecth scan line end flood fill

MADE BY HADI

Ervailhadivalpitofficlal@Bgmalcomiihariapp 0508 7122922 Team Hadi Lahore)




Gluestion Mo : 46 of 36 Mlarks: § (Budoeeed Time § i) lﬂ

In frareformation one coardingts 5 held fized and the other coordnate of coordinates ane shifted

BAnawer | Please select your comes) oprion )

Fotaton
Feflection
-~
A Gond Edwradion iz 8 Foomderiom For a PBerrer Fumme
|| e CORRECT ANSWER SOLVED BY HADI
EMAIL hadirsjputoffbciasl@ermail com
hone of the aiven
[




Gluestion Mo : 47 of 15 Mlarks: § (Budoeeed Time § i) lﬂ

The dot product of e vectors A and B iz Jf the angle bebween them iz less han 90 or grester than 270 degress,

BAnawer | Please select your comes) oprion )

A Eond KEdwraminn iz s Foomdroen For o Bermar Foeore

Gragter than 2era (D) [
i~ z H CORRECT ANSWER SOLVED BY HADI
EMAIL hadirajputoffc
WHATSAPP & CALLGSH

Laszthan zen (1)

Equsl to Zero (]

MADE BY HAD

PRAY FOR ME . THANEKS( Team Hadi LahoreWhatsapp: 03087122922




Gluestionm Mo @ 95 of 15 Marks: 1 (Budoeeed Time § i) la

In prijechon @l es perpendicular to the projection plane are projectsd with oo changes o length

Bnawer | Please select your comee) oprion )

Cawaher ansd Cabinst

Cabinet

Cavalied Comrect answer sohre by had

MADE BY HADI

PRAY TOR ME _THANES{ Team Hadh LaboreyWhateapp: 03087122622




Wuestion Mo : 19 of 36

Mlarks: § (Budoeeed Time § i)

E

First step of tnanges rastenzafon 13 to be able to

& sobd flled thangle

BAnawer | Please select your comes) oprion )

Baotate

Fender

A Good KHduraiom s 8 Foundamnn For a Beoosr Furoes
CORRECT ANSWER SOLVED BY | I..-"L I.ll
EMAIL-hadirajputofhcinl@gmail com
WHATSATIPE CALLQI087T 122922

Eedraw

Hone ofthe pven

MADE BY HADI

PRAY FOR ME . THANEKS Temm Hadi Lahore)Whatsapp: 03087122922




Cluestion Mo ¢ 30 of 16 Mlarks: § (Budoeeed Time § i) lﬂ

IE the wahee of scakog factore 82 aod By de greater than 1, then zize of okjects wnll be

BAnawer | Please select your comes) oprion )

Fedusred

A Dol Edocirios i o Fousdacion For & Berior Furuee

Enlarped
£ ¢ kel CORRECT ANSWER SOLVED BY HADI
EMAIT - hadirajputefficial@gmail com
WHATSAPP& CALL-030871 22922

Eemnam sane

e MADE BY HADI

PRAY FOR ME . THANKS( Team Hadi Lahore)Whatsapp; 03087122922




Gluestion Mo @3 of 36 Marks: 2 (Budoeeed Time 4 Wi la

Explain the tern "Modaling” in contest of 30 coardinate system -

Anzwer | Please click hege o Add Answer )

R e L Al e R |
Jreama | Hin zZlimnnleeasiEEss

Loolkieg at the Wings 3D edapace. woe can s the red, bine. and green linss that present the XY and £ mes
In " Wings 3B, T is up and dowa, K is side o side, and £ ic Soot to heck Thess three s ame commanby used 1o define the active aix for moving, scaling, oc rotatizg 2 model. Often in Wings IO theny-will be referned 10 a8 Stndard s,
Mg Dyihves Mrpdeks dhay ewEp (he T afd I @52, 20 Whet 0ot 4 mida] nip Wigs 30 i may appess 10 D (he wrong way o

Ppinis

A poiatis ey locateon in 30 space. Points can beused s esferences such st the ceafer arsind which @ misde will be maabsd & point may be defined by the inlereeion of two vectors. Py cas alss be wsed to dofine the focation of 2 plans

MADE BY HADI

. PRAY FOR ME . THANES({ Team |

fadi Lahore)Whatsapp: 03087122922



Gluestion Mo @ 22 of 16 Marks: 2 (Budoeeed Time 4 Wi la

Wewant to scale s ohject tam times of the existing size eon X-axis and Y-aods. White the gealing matvix for this transformation,

Anawer | Please clich hege o Add dnswer )

ﬁ".l.}&[,al s 'f.".lh'.- |H|="_!- AboA ||:I|1W%-i|
Jrean B | CIEE o |H===] 0

MADE BY HADI

PEAY FOR ME . THANKS( Team Hadi Lahore)Whatsapp: 03087122912




Cluestiom Mo 25 of 15 Marks: 3 (Budoeeed Time 6 i)

E

What wrould vou understand by the folowing mato i cobtert of clippag plans?
w o 0 1]
0k 0 0
o0 2 1
00 -pE, 0 =

|k

Anzwer | Please click hege o Add Answer )

_"Iﬁnh-lrl@[ﬁ.l i -'_'|"'F-"-|”-' |H|-'!; Al A ||§_|]1l:u%-i|

Tllt'— = =|it -

Frerr B L L

Cheek book page
202

MADE BY HADI

L

T -

PRAY FOR ME .. THANKS( Team Hadi Lahore)Whatsapp: 030871




Cluestiom Mo ;24 of 15 Marks: 3 (Budoeeed Time 6 i) la

Howr cam we perform the Bhearing ransformation? Also discuss its two types,

Anzwer | Please click hege o Add Answer )
_"Iﬁnh-lr‘-@'[ﬁli:-'_'nﬁl”: '|H|='i_!'_'1__|,|]"||zll1l:ﬂ%-i|
Jrear | =Hin  zZlfmnmliEe Sns i

Transformation means changing some graphics into something else by applying
riiles. We can have various types of transformations such as translation, scaling up
or down, rotation, shearing. etc. When a transformation takes place on a 2D plane,

it is called 2D transformation

MADE BY HADI

PRAY FOR ME . THANKS! Team Hadi LohoreiWhatzaon: 03087122922




Gluestion Mo 35 of 16 Marks: & (Budgeted Time 10 Miny)  [=]

| ¥

What followmg fimpee ilhostrates abowt the perspective ransformation being performed

" I
Yot 4 A— ] A
; .
r i o
s

Anawer | Please clich hege o Add dnswer )

R e T A e (T
| o ps |_.. =

I.|... _.”_-_u ;“l_' ;' W o | ===

MADE BY HADI

PRAY FOR ME .. THANEKS{ Team Hadi Lahore)Whatsapp: 03087122922




Gluestion Mo 35 of 16 Marks: & (Budgeted Time 10 Miny)  [=]

Viserg TE— 1
frushiem — 1+ AT _“_“'m,_ P ™
it

| - S
. F - W Il
" peniae@ posion — :_.-""' ._,.-"'7?(‘ .. v ;

Anawer | Please clich hege o Add dnswer )
_"Iﬁnh-lr‘-&[ﬁli:-'_'n'ﬁ'-l”: '|H|='i_!'_'1__|,|]"_||:_j:||1l:i.l'3ﬂo-”
Jrean B | n =lEmiE s et

MADE BY HADI

PRAY FOR ME .. THANES( Team Hadi Labore)Whatsapp: 03087122922




Gluestion Mo 35 of 16 Marks: & (Budgeted Time 10 Miny)  [=]

Camers pomion —P':.?'

rd 0 b i
e .

Anawer | Please clich hege o Add dnswer )

ﬁ.u&[&l s 'f.".lh'.- |H|="_!- AboA ||:|11W%-i|
Jrean | Hin i EeEn s iR

MADE BY HADI

PRAY FOR ME .. THANES({ Team Hadi Lahore)Whatsapp: 03057112912




Gluestion Mo @ 36 of 16 Marks: & (Budgeted Time 10 Miny)  [=]

Am object iz scaled and rotated about ite centroid conrdinates {xc, ye) and then tramslated. ¥Yom are required to find the wahies for the elements of the composite transformation matrix,

Anawer | Please clich hege o Add dnswer )

el BT | S e '|H|=‘: ALl e E e
Jrean | Hin i EeEn s iR

MADE BY HADI

PRAY FOR ME _THANKS( Team Hadi Lahore)Whatsapp: 03087122922
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uestion Ho © § of 26

Marks: 1 ([Basdgatad Timea ¥ Wi

Interlacing the horieedital fedragh - - o cmmmmem e e e

1+ |

Answar | Please select your correct option )

-~

Te: o Lenget waed 2 e eyated

Iz neceasary bevanze of the shape of the rosde io the busdan eye

Is distraickme and can cagse sve Sigue

Eeols the busman eve e thinkeng the hodizental refresh rate 12 faster

<=

Correct answe
More detail: -

MADE BY HADI

THANES{ T¢am Hadi Labome)yWhatsapp: 03087122922

PRAY FOR ME




Guestion Ho ;£ of 26 Marks: 1 (Budpeted Tima 1 Min) (=)

It ix gafie te aszwme that a1 raster-tepe moitess can accept the sarme wpat

Answhar | Please select your correct option )

e & Good Ebearit | A Gopd Eduarion k o Femarisn Fer o Borer FunEs
<: CORRECT A CORRECT ANSWER SOLVED BEY HADI
l!:*"iL"ﬁ-T-L'lﬂ:d-'- EMAIL hadirajputoficial®@pmail com
WHATSAPY WHATSAPP& CALL 03087122922

True

’ MADE BY HADI

PEAY FORME .. THANES( Team Hadi LahoreyWhatzapp: 03087122922




Guestion Mo 3 of 26 Marks: 1 (Budpeted Tima 1 Min) (=)

Both Bormdarg Filng smd Fload fillng algorithims are ned-recirawe teckraomes,

Answar | Please select your correct option )

Falze A Sood Edorstion s 1 Foundsios For & Better Foiqurs

CORRECT ANSWER SOLVED BY HATM
EMATL-hadirajputofficial@gmail com
WHATSAPP&E CALLDSOST1 220922

True

” MADE BY HADI

PRAY FOR ME ..THANES[ Team Hadi 1 .-11'||.:-|'.*j".’-"":-:|'_:1.;|||;l, 03087112922




Guestion No : 4 of 2§ Marks: 1 (Budpeted Tima 1 M (=)

When defiring a mesh of trizngles that define the bamndary of & 2ohd, peu et it o oo that &l of the mengles along the skin ae ordered witien mewed from the outeide -

Answar | Please select your correct option )

P etpedickeul ey
-~

Parzli=]
ik

A Gmepel Edursrion &1 8 Foamderion For 8 Peroer Fremme
I Goiion . CORBEECT ANSWER SOLYED BY HADI
FARs EMAIL hadirajputofficial Bemail I com
WHATEAPPE CALLD30AT

Anbiclockwedse

-~




Huestion Ho 5 of 26

Marks: 1 [Badgatad Timea ¥ Wi

=

We canfiot esplan ralstianship betarsen 2, T and Z coordmates usng the Lt haed rule,

Answar | Please select your corract option |

Falze

True

A Oood Edurstion s 1 | g peod Edicarbon 5 Feesdarion Far § Bormee Fuamor

CORRECT ANS' CORRECT ANSWER SOLVED BY HADI
EMAIL hadiralp RMA L hadirajputofficial@gmail com

TEAPP&E CWIHATSAPPE CALLD30AT122020




Guestion Mo 6 of 26 Marks: 1 (Budpeted Tima 1 Min) (=)

B L PR w2 the 26t of all pedrts (3, ] that are the 2ame distance o the directis and Broos ot on the drectns:.

Answar | Please select your correct option )

Ciele
=:
Hyperbala
i
Parabola
,,::: Correct answer solve by hadi
3 More detail: usmanraj20@email.com




Guestion Ho : 7 of 26 Marks: 1 (Budpeted Tima 1 Mg (=)

Fuotabing apont vecqueres that gon koo the cocodinates Eor the peat, and alze lenasr the rebation anglea

Answhar | Please select your correct option )

Falze

True

Correct answer solve by hadi
C: More detail: usmanrai20i@email.com




uestion Ho © { of 26

Marks: 1 (Budpeted Tima 1 Mg (=)

Thie beamdery-All meathed requres the coordmates of

Answhar | Please select your correct option )

-~

Sterting podfit

Correct answer solve by hadi
More detail: usmanraj20@gmail.com

Edbng calsar

Boumndary colox

Al af the given

MADE BY HADI

PEAY FOR ME . THANES{ Team Hadi LohorefWhatsapp; 03087122923




uestion Ho © 9 of 26

Marks: 1 ([Basdgatad Timea ¥ Wi

=)

Both Bormdary Filmg smd Fload fillng algerithine are

them zean Ime g slranthen

Answar | Please select your correct option )

e of the pven
~
e <: Correct answer solve by hadi
More detail: usmanraj20
fremaibcom
Wlares =
-
T— MADE BY HADI
-
PRAY FOR ME .. THANES( Team Hadi Lahore)Whatsapp: 03087112922




Guestion Mo 10 of 26 Marks: 1 (Budpeted Tima 1 Min) (=)

Diacard & e with both endpeate catiide chpping bormdaries iz called 88 --cmam o mmmmneaa e -

Answar | Please select your correct option )

Temid Reject $ Comect answer sohve by hadi
= More detail: usmanraj 0@ gmail com

Temial Accept

Hoae ofthe meen

e MADE BY HADI

FRAY FOR ME .THANES{ Team Hadi Lahore YWhatsapp: 03087122922




uestion Ho - 11 of 26

Marks: 1 ([Basdgatad Timea ¥ Wi

=)

Becanze chpping aganst ofie edge iz independeet of &l athers eo it 18 mopezable ts arénge the clippang stages moa ppeling

Answhar | Please select your correct option )

True

Falze

Correct answer sobve by hadi
nore detadl: usmantaj 206 gmail com




uestion Ho 17 of 26

Marks: 1 (Budpeted Tima 1 M (=)

IEthe palppans are Bled, boe-chpemg techooques are sufficieat to chip it

Answar | Please select your correct option |

True
i
Falze Comect enswer solve by hadi
More detail: vstruerraj 0wl com
L)




Guestion Ho @ 45 of 26 Marks: ¥ (Buedpatad Tima ¥ Min

=)

Aeeording bo the archatecture of raster grephice awetedn, display procaseor memmear will act a2

Answhar | Please select your correct option )

Widen controller

=
SAEEEI e mon Correct answet solve by hadi

e More detail usmanraj20if gmail.com
Framea buffer bl reserved for the

r framme buffer

Mone of the given




Cuestion Ho < 14 of 76 Marks: 1 (Budpeted Tima 1 Min) (=)

Inwden text memory, are usedto display a characher

Answar | Please select your correct option |

2 nies Coerect anawer solve by hadi
£ More detad. nemarg 2@ gmad corn

4 bates
r

i bytes
-

= MAD E BY HAD I
-

PREAY FOR ME _THANKS! Team Hadi LahoreyWhatsapgy: 01087122022




uestion Ho 15 of 26

Marks: 1 (Budpeted Tima 1 M (=)

Wanaone curve fimckens are uzefid in

Answar | Please select your correct option |

Cikject eedelig ’ ;

- Correct answer sobve by hads
Motre detzil usmama ¥ zmal.com

Graphics apphoanons
r

All afthe meen
-
-

v hadirajputoffiicial@gemail comWhatiappeod 73224922(Team Hadl Lakore)




Guestion Ho 86 of 26 Marks: ¥ (Buedpatad Tima ¥ Min

=)

fransformedion produces shape distortions as if objects were composed of levers that are caused o shde over each ather

Answar | Please select your corect oplion )

-~

Translstion
Feflection
=hear Carrect answer sofve by hadi
Mare defald usmanra)? 3 prmall.com
Fotation

MADE BY HADI




Guestion Ho 17 of 26 Marks: 1 (Budpeted Tima 1 Min) (=)

In

projection, linegs which are perpendicular bo the projection plene are projected et

Answar | Please select your corect oplion )

-~

Cabinet, 172 kngth ¢ Comrect an=wer schve by had 104

More detad psmane 320 gral com

Cavalier , 162 langth

Cabinet , Mo'changa in length

e MADE BY HADI

PRAY FOR ME . THANES( Team Hadi Lahore)\Whatsapp: 03087122912




Guestion Ho: 16 of 26 Marks: 1 (Budpeted Tima 1 Min) (=)

Thaa preqechon teckrdeme has the direchon of projecion perpendicular b the weaing plane, and the wesnng directen is perpendcuar te ane of the penciple fares -

Answar | Please select your correct oplion )

Axanctnetir Parale] Projechica
P

Dblicpae Paralle] Projechon

Urtheeraphoc Farallel Frojechon Cneroet-snavee sl b ek
2 More detad usmanrai T gmad com

MADE BY HADI




Huestion Ho 13 of 26

Marks: 1 (Basdgatad Timea ¥ Wi

=)

Firat atep of tnasgle rastenastion i bs be able to

g eohd filled triangle

Answar | Please select your correct option |

Eatate
P
= page:211 Conrect amswer salve by had

N Mere detail usman 20T gmad com

Ledraw
-

skt MAD E BY HAD I
=

FRAY FOR ME .. THANKS( Team Hadi Lahore)Whatsapp: 03087122922




uestion Ho 20 of 1%

Marks: 1 (Baipetad Timea T Win]

=)

Coerputer Graplaces are uzed in

Answar | Please select your corect oplion )

Garne dewelopenent
P

I onee devrelopment

r
Sumulations

-~
All af the given Coerect answer solve by hadi

= Moce detal vsenare 8T gmail oo




Guestion Ho : 21 of 26 Marks: 7 Budpeted Time 4 Wi (=)

Wirite dovan which type of professionals uses y-up versus @-op coeordinate svstem?
& ¥
/ lTr
Answar { Please click hers to Add Answer )

0 S S S R T SRR |Lﬂj1mx3|
Jrcrme ] =ns =l it ll|:.:_—_ = | =iz ami=

MADE BY HADI

PRAY FOR ME .. THANES({ Team Hadi Lahore)Whalsapp: 03087122622




Huestion Ho 21 of 26

Marks: 2 [Basigatad Time 4 in]

=)

F

1]

Answar | Please click hers to Add Answer )

ﬂLJé&l ” ___I..-;.l... -

5
Il.l -

B3| B BN

MADE BY HADI

:l."-.|

JB. ME

« | HANKSI

['eam H

fadi LahoreyWhatsapp: 0308

-7 Pk
122922




Guestion Ho - 22 of 26 Marks; ? [Budpeted Time 4 Min) (=)

Explain the termn "Modeling” in context of 30 coordinate system

Answar | Please click hers to Add Answer )

R R e | W AR B [T |

Jrcrme ] =ns =l =ltwerm | = — — ([

MADE BY HADI

[ PRAY FOOR WE _THANKST Taam Had TahoreTWhatzano: DIOXTI22022



Guestion Ho - 23 of 26 Marks: 3 [Budpeted Time f Min (=)

In which shuahen mbtersachion between a Line and Plane occurs?

Answar | Please click hers to Add Answer )

M S e s = s L@ [re<

Jrcrme ] =ns =l =ltwerm | = — — ([

MADE BY HADI

[ PRAY FOR ME . THANKS( Team Hadi Lahore)Whatsapp: 03087122022




Guestion Ho - 24 of 26 Marks: 3 [Budpeted Time f Min (=)

Hurar ean we express the rotation of an ebgeet by using Homegeneous Coordinates in matrices form®?

Answar | Please click hers to Add Answer )

R R e | W AR B [T |

Jrcrme ] =ns =l =ltwerm | = — — ([

MADE BY HADI

] PRAY FOR ME . THANES{ Team Hadi Lahore)Whatsapp: 030871220922




uestion Ho 25 of 26

Klarks: 5 (Budgeted Tima 10 Kim)

=

Whet wre digcuss 30 ramafermations, explain te concept of ramalation with the help o of exsaple

=

Answar | Please click hers to Add Answer )

USR] e = AE A | e

fricre e | BT E% | (e

|-_ = __|._:_ A=t 11

MADE BY HADI

PRAY FOR ME

THANKS( Team Hich Lahore)Whatsapp: 03087122022




Guestion Ho - &6 of 26 Marks: 5 (Budgeted Time 10 Win) (=]

Apply the follwing transformations an the point Pix,y) = (4,5) =1

1. Translate usimg Tx =3 and Ty =1
1. Beale using 8x =2 and 8y =1

Answar | Please click hers to Add Answer )

. E'-'Lja‘&l ' .__I...;.l... - |ﬁit.ll_ A AL [ﬂ]1ma¢3l
Jrcrme ] =ns =l it ll|:.:_—_ = | =iz ami=

MADE BY HADI

Kl PRAY FOF THANES( Teamn Hadi Labhore)YWhatsapp: 03087122922
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CS602 Midterm Objective(Mcq’z) Solved with Reference
By WELL WISHER (Aqua Leo)

www.vucybarien.com

Question # 1
Translation moves objects without
Select correct option:

Scaling

Rotation

Deformation Page no:113
Scaling and Rotation

Question # 2

transformation produces shape distortions as if objects
were composed of layers that are caused to slide over each other.
Select correct option:

Rotation

Translation

Reflection

Shear Page no :124

Ref: A transformation that distorts the shape of an object such that the
transformed shape appears as if the object were composed of internal layers that
had been caused to slide over each other is called a shear.

Question # 3
Computer Graphics are used in
Select correct option:

Game development

Movies development
Simulations

All of the given Pageno:6

Cs602 midterm Mcq’z | Solved by Well Wisher | www.vucybarien.com




Question # 4

A two dimensional rotation is applied to an object by repositioning it along a
path in the XY plane

Select correct option:

Straight

Circular Page no:114
Oval

Ellipse

Question #5
If the value of scaling factors sx and sy is greater than 1, then size of objects will be

Select correct option:

Reduced

Enlarged Page no: 116
Remain same

Shear

Question # 6
Various curve functions are useful in
Select correct option:

Object modeling

Graphics applications
Animation path specifications
All of the given Page no: 69

Question # 7
Sutherland-Hodgeman clipping algorithm clips any polygon against a concave clip

polygon
Select correct option:

True
False Page no :141

Cs602 midterm Mcq’z | Solved by Well Wisher | www.vucybarien.com




Question # 8
In video text memory, are used to display a character.
Select correct option:

2 bytes Page no :43

4 bytes

8 bytes

16 bytes

Question #9

Which of the following is NOT a modern application for Computer Graphics -----------

Select correct option:

Computer Aided Geometric Design

Video Games

Stop-motion animation Pageno:6
Scientific Visualization

Question # 10
A*B=|A| * |B| * cos(?) Where ? is the angle between the two vectors
Select correct option:

Cross Product
Dot Product Pageno:171

Question # 12

Cross product of two vectors results in a

Vector Page no: 173

Cs602 midterm Mcq’z | Solved by Well Wisher | www.vucybarien.com




Question # 13

Shortcoming of Sutherland-Hodgeman Algorithm is concave polygons may be
displayed with extensors lines

True Page no: 244

Question # 14

In 2D transformations, two successive rotations applied to a point P can be denoted

as (Where ? represents theta).
PP=RO.P Page no : 256
Question # 15

Global coordinate systems can be defined with respect to local coordinate system.
False Page no: 158

Question # 16

Locations can be translated or "transformed" from one coordinate system to the
other.

True Page no: 158

Question # 17

A column matrix is also known as

Column Vector Page no : 102

Question # 18

Dot product of two vectors results in quantity.
Scalar

Cs602 midterm Mcq’z | Solved by Well Wisher | www.vucybarien.com




Question # 19

In Trimetric the direction of projection makes unequal angles with the three
principal axes

Select correct option:
True Page no: 192

False

Question # 20
uses a divide-and-conquer strategy.

Select correct option:

Pipeline Clipping

Sutherland-Hodgeman clipping algorithm Page no :244
Weiler-Atherton clipping algorithm

None of above

Question # 21
Finding unit vector is done by simply dividing each component by the width.
Select correct option:

True
False Page no: 169

Question # 22

is the process of describing an object or scene so that we can construct
an image of it

Select correct option:

Rendering

Modeling Page no: 251
Meshing

None of above
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Question # 23

The process of moving the points so that the POV is at the origin looking down the
+Y axis is called normalization.

Select correct option:

True
False Page no:175
Question # 24
A can be performed relative to a selected reflection axis or with

respect to a selected reflection plane.
Select correct option:

rotation

projection

reflection Page no: 186
none of given

Question # 25

To show 256 colors, the no of bits required for each pixel are

8 as per formula 256 takes 2° so 8 —bits are required.
16

32

64

Question #26

25 * 80 resolution with 16 colors supports

Text mode Page no:43

Graphics mode

Both
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None

Question#27

Two matrices are said to be equal, if they have

Same order

Same corresponding elements

Same order and same corresponding elements. Page no : 103

Different elements

Question#27

Two points are said to be collinear, if they lie on the

Same line Pageno:53

Different but parallel lines

Either on the same plane or two parallel planes different plane .
Question#28

A Polygon is convex, if the line connecting:

Any two points outside the polygon intersects its boundary

Any two points inside the polygon don’t intersect any edges of the polygon.
A point inside the boundary with any point outside, does not intersect the polygon
boundary

Any two vertices, intersects some edge of polygon. Page no: 78
Question#29

The father of Computer Graphics is:

Robert Burton

Ivan Sutherland

Pytor Tchaikovsky

Turner Whitted

Question#30

The equation of hyperbola centered at origin (if the transverse axis is along x -axis) can
be given as:

x2 b2+y2a2-1=0
X2 b2+y2a2+1=0
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X2 a2-y2b2-1=0
Xx2b2-y2a2-1=0

Question#31
Which of the following statements is not true about flood-fill and boundary-fill?

Algorithms?

Both are used for filling of close figure
Both can be implemented as recursive as well as iterative methods
Flood-fill is best for filling of triangle

A complex polygon can be filled with 8 connected approaches

Question#32
Which one is not valid out code to perform trivial accept / reject test in line clipping:
1101
1001
0101
0110

Question#33

Which one of the following is not the graphics library is use:

FastGL
OpenGL
DirectX
EasyGL

Question#34

The circle and ellipse are symmetric across 8 octants.

True

False Page no: 66
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Question#35

UV light is used in Plasma Panel displays to excite phosphor.
True Page no: 30
False

Question#36

Which of the following is not true about matrices?

A+B =B+A
a(A+B)=aA+aB
(A7) =AT Page no :107

A+(B+C)=(A+B)+C
Question#37

According to Odd Parity Rule, a point is inside the polygon, if:
Line from an outside point to this point does not cross the edges odd number of times
Line from any point to this point crosses the edges odd number of times. Page no: 80
Line from an outside point to this point crosses the edges odd number of times
Line from this point to any point outside the polygon intersects any edge

Question # 38

As opposed to direct memory access method, BIOS routines provide an easier and
faster method of drawing pixels on screen.

True
False Page no : 48
Question # 39
A Polygon is complex, if the line connecting:
Any two points outside the polygon intersects its boundary
Any two points inside the polygon intersects its boundary

A point inside the boundary with any point outside, does not intersect the polygon
boundary

Any two vertices, intersects some edge of polygon.

Ref: Complex polygons are basically concave polygons that may have self-intersecting
edges. | think no any option is true.

Question # 40
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When a point P(x,y) is rotated by 0 the coordinates of transformed point P' are given
as:

x' = x cos(0) —y sin(B), y' = x sin(0) + y cos(0)
x' =y cos(0) — x sin(B), y' =y sin(0) + x cos(0)
x' = x cos(0) + y sin(B), y' =xsin(0) —y cos(0)
x' =y cos(B) + x sin(B), y' =y sin(0) — x cos(0)

Question # 41

The amount of time it takes to illuminate a specific location on phosphor coated
screen is called Persistence.

True Page no: 27
False
Question # 42
Incremental line drawing algorithm makes use of the equation of straight line.
True Pageno:53
False

Question # 43
In matrix multiplication:
The two matrices must be square

The number of rows of 1st matrix must be the same as the number of columns of
the second.

The two matrices must either be row matrices or column matrices

The number of columns of 1st matrix must be the same as the number of rows of
the second.

Ref: http://en.wikipedia.org/wiki/Matrix multiplication
Question # 44

In Horizontal retrace, after completion of all the pixels in a scan line, the refreshing
continues from the 1st pixel of the next scan line.

True

False
Question # 45

Parity Rule is used to determine whether a pixel is inside a polygon or not.
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http://en.wikipedia.org/wiki/Matrix_multiplication

True Page no: 80
False
Question # 45
In Pixmap exactly one bit is used to hold color value of each pixel.
True
False Page no: 28
Question # 46

When dot product of two vectors equals zero, this implies that the two vectors are:

Parallel to each other
Orthogonal (perpendicular) to each other. Page no:172
Intersect each other
Equal to each other
Question # 47

The Boundary Fill and Flood Fill algorithms:
Must use 4-connected approach
Must use 8-connected approach
May use 4-connected or 8-connected approach Page no : 100

Must not use recursive approach

Question # 48

Intensity of the electron beam is controlled by setting levels on the control
grid, a metal cylinder that fits over the cathode.

Amplitude

Current

Voltage Page no: 26

Electron
Question # 49

Using Cohen-Sutherland line clipping, it is impossible for a vertex to be
Labeled 1111.
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True
False
Question # 50

Shadow mask methods can display a range of colors.

Small

Wide Page no: 20
Random

crazy

Question # 51

Which one of the following step is not involved to write pixel using video BIOS
services.

Setting desired video mode

Using bios service to set color of a screen pixel

Calling bios interrupt to execute the process of writing pixel.

Using OpenGL service to set color of a screen pixel Page no :45
Question # 52

Each number that makes up a matrix is called an of the matrix.
Element Page no:101

Variable

Value

Component
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Cs602-computer graphics
MCQSMIDTERM EXAMINATION
SOLVED BY
~“LIBRIANSMINE”~

Question # 1 of 10 ( Start time: 08:04:29 PM ) Tota Marks: 1

Sutherland-Hodgeman clipping a gorithm clips any polygon against a concave clip polygon
Select correct option:

True

False

Question # 2 of 10 ( Start time: 08:05:36 PM ) Total Marks: 1

There are basic types of polygon.

Select correct option:

2

3

4

5

Question # 3 of 10 ( Start time: 08:06:30 PM ) Total Marks: 1

Dot product of two vectorsresult in quantity.

Select correct option:
Scalar

Vectors

Magnitude

Vaue

Question # 4 of 10 ( Start time: 08:07:18 PM ) Total Marks: 1



(x"2/a2)+ (y*2/b"2)=1isan equation of

Select correct option:

Parabola

Hyperbola

Ellipse

Circle

Question # 5 of 10 ( Start time: 08:08:30 PM ) Total Marks: 1

In Trivial acceptance/reject test there are four bits of nine regions, Bitl represents condition

Select correct option:

Outside half plane of left edge, to the left of left edge X < Xmin
Outside half plane of right edge, to the right of right edge X > Xmax
Outside half plane of bottom edge, below bottom edge Y < Ymin
Outside half plane of top edge, abovetop edgeY > Y max
Question # 6 of 10 ( Start time: 08:09:42 PM ) Total Marks: 1
Rotating a point requires
Select correct option:

the coordinates for the point

the rotation angles

Both of above

None of above
Question # 7 of 10 ( Start time: 08:10:40 PM ) Total Marks: 1

Computer graphicsis very helpful in producing graphical representations for scientific
visualization.

Select correct option:

True



False

Question # 8 of 10 ( Start time: 08:11:02 PM ) Total Marks: 1

When scaling factor Sx and Sy are assigned the same value,
produced that maintains relative object proportions.

Select correct option:
Uniform
Unequal

Multiform

Question # 9 of 10 ( Start time: 08:12:26 PM ) Total Marks: 1

A column matrix is also known as

Select correct option:

Column vector

Row vector

Vector

Simple Matrix

Question # 1 of 10 ( Start time: 08:17:06 PM ) Total Marks: 1
Boundary Filling Algorithm can work for complex polygons.
Select correct option:

True

False

Question # 2 of 10 ( Start time: 08:18:02 PM ) Total Marks: 1

Various curve functions are useful in

Select correct option:

Object modeling

scaling is



Graphics applications
Animation path specifications

All of the given

Question # 3 of 10 ( Start time: 08:18:51 PM ) Total Marks: 1

Both Boundary Filling and Flood filling algorithms are non-recursive techniques.
Select correct option:

True

False

Question # 4 of 10 ( Start time: 08:19:57 PM ) Total Marks: 1

Shortcoming of Sutherland-Hodgeman Algorithm is concave polygons may be displayed with
extensors lines

Select correct option:
True

False

Question # 5 of 10 ( Start time: 08:20:42 PM ) Total Marks: 1
uses a divide-and-conquer strategy.
Select correct option:
Pipeline Clipping
Sutherland-Hodgeman clipping agorithm
Weller-Atherton clipping agorithm

None of above

Question # 6 of 10 ( Start time: 08:21:25 PM ) Total Marks: 1



The actual filling process in boundary filling algorithm begins when a point
of the figureis selected.

Select correct option:
Outside the boundary
Inside the boundary
At the boundary
Not in the boundry
Question # 7 of 10 ( Start time: 08:22:21 PM ) Total Marks: 1

Rotation performed around afixed point called

Select correct option:
X point rotation

y point rotation
Point of origin

Piviot point rotation

Question # 8 of 10 ( Start time: 08:23:15 PM ) Total Marks: 1

A isthe set of al points (X, y) that are the same distance from the
directrix and focus not on the directrix.

Select correct option:
Circle

Hyperbola

Parabola

Ellipse

Question # 9 of 10 ( Start time: 08:24:40 PM ) Total Marks: 1

Vectors can be multiplied in away



Select correct option:

Dot Product

Cross Product

Both of above

None of above
Question # 10 of 10 ( Start time: 08:26:05 PM ) Total Marks:. 1

isused for circumference of acircle.

Select correct option:
2*r

2*pi*c

2* pi

None of the given option

Question # 1 of 10 ( Start time: 08:27:44 PM ) Total Marks: 1
The process of moving pointsin spaceis caled

Select correct option:

Redering

Modeling

Meshing

None of above

Question # 2 of 10 ( Start time: 08:28:33 PM ) Total Marks: 1
Global coordinate systems can be defined with respect to local coordinate system
Select correct option:

True



False

Question # 4 of 10 ( Start time: 08:30:06 PM ) Total Marks: 1

A two dimensional rotation is applied to an object by repositioning it along a

path in the XY plane
Select correct option:
Straight

Circular

Oval

Ellipse

Question # 5 of 10 ( Start time: 08:31:13 PM ) Total Marks: 1
In video text memory, are used to display a character.
Select correct option:

2 bytes

4 bytes

8 bytes

16 bytes

Question # 6 of 10 ( Start time: 08:32:34 PM ) Total Marks: 1

In 2D transformation, two successive rotations can be performed in any order (rotation 1 then
rotation 2 or rotation 2 then rotation 1).

Select correct option:
True

False

Question # 7 of 10 ( Start time: 08:33:15PM ) Total Marks: 1



In transformation one coordinate is held fixed and the other coordinate or
coordinates are shifted.

Select correct option:
Rotation

Reflection

Shear

Scaling

Question # 8 of 10 ( Start time: 08:33:57 PM ) Total Marks: 1

Computer Graphics are used in

Select correct option:
Game devel opment
Movies devel opment
Simulations

All of the given

Question # 9 of 10 ( Start time: 08:34:17 PM ) Total Marks: 1
is the process of describing an object or scene so that we can construct an image of
it
Select correct option:
Rendering
Modeling
Meshing

None of above

Question # 10 of 10 ( Start time: 08:34:57 PM ) Total Marks: 1



Both Boundary Filling and Flood filling algorithms are as compared to scan line
filling agorithm.

Select correct option:
Better

Worse

Almost same

Good

Question # 1 of 10 ( Start time: 08:38:26 PM ) Total Marks: 1

If aline connecting any two points within a polygon does not intersect any edge, then it will be a
polygon(s).

Select correct option:
Convex

Concave

Complex

Concave and Complex

Question # 2 of 10 ( Start time: 08:39:36 PM ) Total Marks: 1

(x"2/a2)—(y*2/b"2) =1isan equation of

Select correct option:
Circle

Parabola

Hyperbola

Ellipse

Question # 3 of 10 ( Start time: 08:40:20 PM ) Total Marks: 1



Dot product of two vectorsresult in quantity.

Select correct option:
Scalar

Vectors

Magnitude

Vaue

Question # 4 of 10 ( Start time: 08:41:34 PM ) Total Marks: 1

In 2D transformations, two successive rotations applied to a point P can be denoted
as (Where ? represents theta).

Select correct option:
P=R(?1+72).P

P =(R(?1) +R(?2)) . P
P=R(?Lx72).P

P=R(?1).P

Question # 5 of 10 ( Start time: 08:42:53 PM ) Total Marks: 1

By preserving the original shape of an object with ascalingiscalled  scaling.
Select correct option:

paralel

vertical

horizental

none of given

Question # 6 of 10 ( Start time: 08:44:24 PM ) Total Marks: 1



Tomography is the technique used in

Select correct option:
X-rays photography
Pixel paint
Entertai nment

Artiss paintbrush

Question # 7 of 10 ( Start time: 08:47:14 PM ) Total Marks: 1

Tomovea from one location to another, we trandate the center point and
redraw the same using new center point.

Select correct option:
Hyperbola

Parabola

Circle

Line

Question # 8 of 10 ( Start time: 08:48:08 PM ) Total Marks: 1

(x"2/&2)+ (y*2/b*2)=1isanequation of

Select correct option:
Parabola

Hyperbola

Ellipse

Circle

Question # 9 of 10 ( Start time: 08:48:38 PM ) Total Marks: 1



In 2D transformation, two successive rotations can be performed in any order (rotation 1 then

rotation 2 or rotation 2 then rotation 1).
Select correct option:
True

False

Question # 10 of 10 ( Start time: 08:49:21 PM ) Total Marks:. 1
A unit vector has zero magnitude.

Select correct option:

True

False

Saving...

Question # 1 of 10 ( Start time: 08:51:28 PM ) Total Marks: 1
In video text memory, are used to display a character.
Select correct option:

2 bytes

4 bytes

8 bytes

16 bytes

Question # 2 of 10 ( Start time: 08:52:52 PM ) Total Marks: 1

A straight line can be moved to another location by applying

line endpoints and redrawing the line between the new coordinates.

Select correct option:

Rotation

to each of the



Translation
Reflection

Scaling factor

Question # 3 of 10 ( Start time: 08:53:28 PM ) Total Marks: 1

DDA abbreviated for

Select correct option:
Discrete data analyzer
Digital data analyzer
Digital differential analyzer

Different Analog differential analyzers

Question # 4 of 10 ( Start time: 08:54:33 PM ) Total Marks: 1

A scaling transformation aters the of an object.

Select correct option:
Shape

Position

Size

Rotation

Question #5 of 10 ( Start time: 08:55:07 PM ) Total Marks: 1

A column matrix is also known as

Select correct option:
Column vector

Row vector



V ector

Simple Matrix

Question # 6 of 10 ( Start time: 08:55:38 PM ) Total Marks: 1

Tomovea from one location to another, we trandate the center point and
redraw the same using new center point.

Select correct option:
Hyperbola

Parabola

Circle

Line

Question # 7 of 10 ( Start time: 08:56:19 PM ) Total Marks: 1

We can draw eight points corresponding to each (x , y) point calculation in
drawing agorithm.

Select correct option:
Sutherland

Mid Clipping

Mid Point Circle

Sutherland Clipping

Question # 8 of 10 ( Start time: 08:57:31 PM ) Total Marks: 1
We can take transpose of any matrix.

Select correct option:

True

False



Question # 9 of 10 ( Start time: 08:58:13 PM ) Total Marks: 1

According to the architecture of raster graphics system, display processor memory will act as

Select correct option:
Video controller
System memory
Frame buffer

Video controller and System memory

Question # 10 of 10 ( Start time: 08:59:24 PM ) Total Marks:. 1
Vectors can be multiplied in away

Select correct option:

Dot Product

Cross Product

Both of above

None of above

[9:01:12 PM] Rosiiii......: 3

Question # 1 of 10 ( Start time: 09:03:22 PM ) Total Marks: 1

Parity is a concept used to determine which

Select correct option:
Edge
Vertices

Pixels

lie within a polygon.



Points

Question # 4 of 10 ( Start time: 09:06:42 PM ) Total Marks: 1

Computer Graphics are used in

Select correct option:
Game devel opment
Movies devel opment
Simulations

All of the given

Question # 5 of 10 ( Start time: 09:07:18 PM ) Total Marks: 1

In 2D transformation, two successive rotations can be performed in any order (rotation 1 then
rotation 2 or rotation 2 then rotation 1).

Select correct option:
True

False

Question # 6 of 10 ( Start time: 09:07:47 PM ) Total Marks: 1
is used to move a point, or aset of points, linearly in space
Select correct option:
Transformation
Trandation
Scaling

None of above



Question # 7 of 10 ( Start time: 09:08:48 PM ) Total Marks: 1
Rotating a point requires

Select correct option:

the coordinates for the point

the rotation angles

Both of above

None of above

Question # 8 of 10 ( Start time: 09:09:27 PM ) Total Marks: 1
Monochrome Adapter (MA) isasingle color adapter

Select correct option:

True

False

Question # 9 of 10 ( Start time: 09:10:01 PM ) Total Marks: 1
“Computer Graphics” and “Computer Vision™ are,

Select correct option:

Same fields

Totally different fields

Interrel ated fields

None of the given

Question # 10 of 10 ( Start time: 09:11:16 PM ) Total Marks: 1

In video text memory, are used to display a character.

Select correct option:



2 bytes
4 bytes
8 bytes
16 bytes

In Trivial acceptance/rgject test there are four bits of nine regions, Bit 4 represents condition

Select correct option:

Outside half plane of |eft edge, to the left of left edge X < Xmin
Outside half plane of right edge, to the right of right edge X > Xmax
Outside half plane of bottom edge, below bottom edge Y < Ymin
Outside half plane of top edge, abovetop edge Y > Y max

Question # 3 of 10 ( Start time: 11:16:59 PM ) Total Marks: 1

In 2D transformation, can be achieved by rotating the object about 180
degrees.

Select correct option:

Trandation

Scaling

Shear

Reflection
sec(s)
Question # 4 of 10 ( Start time: 11:18:22 PM ) Total Marks: 1

If the values of scaling factors sx and sy are less than 1, then size of object will be

Select correct option:
Reduced

Remain same



Enlarged
Shear

Question # 5 of 10 ( Start time: 11:18:58 PM ) Total Marks: 1

If the direction of projectionis (at 90 ) perpendicular to the projection plane theniitis
Select correct option:

Perspective Projection

Parallel Projection

Oblique Projection

none of given(orthogonal projection)

Question # 7 of 10 ( Start time: 11:20:34 PM ) Total Marks. 1

Concave polygons are a superset of polygons, having fewer
restrictions than polygons.

Select correct option:

Hybrid, Complex

Concave, Complex

Convex, Convex

Complex, Complex

Quiz Start Time: 11:16 PM

Time Left 88

sec(s)

Question # 8 of 10 ( Start time: 11:21:36 PM ) Total Marks: 1

Twicetheradius of circleiscaled as

Select correct option:

Area



Diameter
2*Pi Radian

Circumference

Question # 9 of 10 ( Start time: 11:22:37 PM ) Total Marks. 1

A two dimensional rotation is applied to an object by repositioning it along a

path in the XY plane
Select correct option:
Straight

Circular

Ovd

Ellipse

The process of subdivision an entity or surface into one or more non-overlapping primitives.
Select correct option:

Rendering

Modeling

Meshing

None of above(tesselation)

Question # 4 of 10 ( Start time: 11:25:40 PM ) Total Marks: 1

In 2D transformation, can be achieved by rotating the object about 180
degrees.

Select correct option:

Trandation



Scaling
Shear
Reflection

Question # 5 of 10 ( Start time: 11:26:29 PM ) Total Marks: 1

Save aline with both endpointsinside al clipping boundariesis called as

Select correct option:
Total inside

Trivial reject

Trivial accept

Total outside

Question # 6 of 10 ( Start time: 11:27:07 PM ) Total Marks: 1

In Trivial acceptance/rgject test there are four bits of nine regions, Bit3 represents condition

Outside half plane of left edge, to the left of left edge X < Xmin
Outside half plane of right edge, to the right of right edge X > Xmax
Outside half plane of bottom edge, below bottom edge Y < Ymin

Outside half plane of top edge, abovetop edge Y > Y max

is used to move apoint, or aset of points, linearly in space

Select correct option:



Transformation

Trandation

Scaling

None of above
Question # 1 of 10 ( Start time: 11:32:20 PM ) Total Marks: 1

Three or more pointsthat lie on the same line are called

Select correct option:
Singular

Collinear

Lineslop

Line slop and Singular

Question # 2 of 10 ( Start time: 11:33:16 PM ) Total Marks: 1

Computer Graphics are used in

Select correct option:
Game devel opment
Movies devel opment
Simulations

All of the given

Question #5 of 10 ( Start time: 11:35:32 PM ) Total Marks: 1

Global coordinate systems can be defined with respect to local coordinate system
Select correct option:

True

Fase



Question # 6 of 10 ( Start time: 11:35:59 PM ) Total Marks: 1

By preserving the original shape of an object with ascalingiscalled  scaling.
Select correct option:

paralel

vertical

horizental

none of given

Question # 7 of 10 ( Start time: 11:36:17 PM ) Total Marks: 1

We can draw the circle using

Select correct option:
Pentane
Hexanes
Trident

Octants

Question # 8 of 10 ( Start time: 11:36:51 PM ) Total Marks: 1

Tomovea from one location to another, we trandate the center point and
redraw the same using new center point.

Select correct option:
Hyperbola

Parabola

Circle

Line



Question # 9 of 10 ( Start time: 11:37:10 PM ) Total Marks: 1

Trans ation moves objects without

Select correct option:

Scaling

Rotation

Deformation

Scaling and Rotation

Question # 10 of 10 ( Start time: 11:37:50 PM ) Total Marks: 1
Which of the following is NOT amodern application for Computer Graphics -------------------
Select correct option:

Computer Aided Geometric Design

Video Games

Stop-motion animation

Scientific Visuadization



CS602 MCQ,s for midterm paper with reference solved by Shahid

Question#1
Rotating a point requires

e The coordinates for the point

e The rotation angles

e Both of above Page No 175
e None of above

Question#2

In Trimetric the direction of projection makes unequal angle with the three principal axes

e True Page No 192
e False
Question#3

We can draw the circle

e Pentane
e Hexanes
e Trident

e Octants Page No 61
Question#4

transformation produces shape distortions as if objects were composed of layers that
are caused to slide over each other.

e Rotation

e Translation

e Reflection

e Shear Page No 124

Question#5

is the process of describing an object or scene so that we can construct an image of
it
e Rendering
e Modeling  Page No 159

e Meshing
e None of above

CS602 MCQ,s for mid term Page 1



CS602 MCQ,s for midterm paper with reference solved by Shahid

Question#6
Boundary Filling Algorithm can work for complex polygons.

o True
e False (Not Sure)

Question#7

Concave polygons are superset of polygons, having fewer restrictions than
polygons.

e Hybrid, Complex

e Concave, Complex

e Convex, Convex Page No. 79
e Complex, Complex

Question#8

Incomplete

Question#9

A unit vector has zero magnitude.

e True
e False Page No.169

Question#10
Each hyperbola consists of two

e Vertices

e Nodes

e Branches Page No. 70
e Points

CS602 MCQ,s for mid term Page 2



CS602 MCQ,s for midterm paper with reference solved by Shahid

Question#1
Parity is a concept used to determine which lie within a polygon.
e Edge
e Vertices
e Pixels Page No.80
e Points
Question#2

Various curve functions are useful in

e Object modeling

e Graphics applications

e Animation path specifications

e All of the given Page No.69

Question#3
Polygons are basically concave polygons that may have self-intersecting edges
e Complex Page No.79
e Hybrid
e Convex
e (Convex and Hybrid
Question#4
Concave polygons are a superset of polygons, having fewer restrictions than
polygons.
e Hybrid, Complex
e Concave, Complex
e Convex, Convex Page No.79
e Complex, Complex
Question#5
There are basic types of polygon.
o 2
e 3 Page No.81
e 4
e 5
Question#5
Both Boundary Filling and Flood filling algorithms are as compared to scan

CS602 MCQ,s for mid term Page 3



CS602 MCQ,s for midterm paper with reference solved by Shahid

line filling algorithm.

Better (not sure)
Worse

Almost same

Good

Question#5
We can draw eight points corresponding to each (x , y) point calculation in drawing
algorithm.

e Sutherland

e Mid Clipping

e Midpoint Circle Page No.61
e Sutherland Clipping

Question#6

The horizontal refresh

¢ Isno longer used in any system
e [s distracting and can cause eye fatigue
e Eye into thinking the horizontal refresh rate is faster

Question#7

Computer graphics is very helpful in producing graphical representations for scientific
visualization.

e True Page No.9

e False
Question#8
In video text memory, are used to display a character.
e 2 bytes Pages No.43
e 4 bytes
e 8 bytes
e 16 bytes
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Question # 3 of 10 ( Start time: 05:54:29 AM )
Twice the radius of circle is called as

Area

Diameter Page No.59
2*Pi Radian
Circumference

b o

Question # 5 of 10 ( Start time: 05:56:14 AM )

Both Boundary Filling and Flood filling algorithms are non-recursive techniques.

1. True
2. False

Question # 7 of 10 ( Start time: 05:58:54 AM )
We can take transpose of any matrix.

e True
e False

Question # 9 of 10 ( Start time: 06:01:03 AM )
is the set of points that are equidistant from its origin.

Line
Parabola
Circle
Ellipse

i

Question
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Locations can be translated or "transformed" from one coordinate system to another.

e True PageNo.158
e False

Question

Vectors can be multiplied in a way
e Dot product
e Cross product
e Both of above

e None of given

Question
Process of moving points in space is called

e Rendering

e Modeling

e Meshing

e None of above Transformation Page No.173
Question

Sutherland-Hodgeman clipping algorithm clips any polygon against a concave clip polygon
e True
e False Page No.243

Question

In Trivial acceptance/reject test there are four bits of nine regions, Bit 4 represents condition

e Outside half plane of left edge, to the left of left edge X <Xmin Page No.138
e Outside half plane of right edge, to the right of right edge X > Xmax

¢ Outside half plane of bottom edge, below bottom edge Y < Ymin

e Outside half plane of top edge, above top edge Y > Ymax

Question

In Trivial acceptance/reject test there are four bits of nine regions, Bit 1 represents condition

e Outside half plane of left edge, to the left of left edge X < Xmin
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¢ Outside half plane of right edge, to the right of right edge X > Xmax
e Outside half plane of bottom edge, below bottom edge Y < Ymin
e Outside half plane of top edge, above top edge Y > Ymax Page No.138

Question

In Trivial acceptance/reject test there are four bits of nine regions, Bit 2 represents condition

e Outside half plane of left edge, to the left of left edge X < Xmin

e Outside half plane of right edge, to the right of right edge X > Xmax

e Outside half plane of bottom edge, below bottom edge Y < Ymin Page No.138
e Outside half plane of top edge, above top edge Y > Ymax

Question

In Trivial acceptance/reject test there are four bits of nine regions, Bit 3 represents condition

e Outside half plane of left edge, to the left of left edge X < Xmin

e Outside half plane of right edge, to the right of right edge X > Xmax Page No.138
e Outside half plane of bottom edge, below bottom edge Y < Ymin

e Outside half plane of top edge, above top edge Y > Ymax

Question
The process of subdivision an entity or surface into one or more non-overlapping primitives.
e Rendering
e Modeling
e Meshing
e None of above Page No. 162

Question

Shortcoming of Sutherland-Hodgeman Algorithm is concave polygons may be displayed with
extensors lines

e True Page No.150

e False

Question
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A *B=|A| * |B| * cos(?) where ? is the angle between the two vectors

e Cross Product
e Dot Product  Page No.171

Question
is used to move a point, or a set of points, linearly in space

e Transformation

e Translation Page No.173
e Scaling

e None of above

Question
Save a line with both endpoints inside all clipping boundaries.

e Trivial Accept Page No.137
e Total inside

e Trivial Reject

e Total outside

uses a divide and conquer strategy.

e Sutherland Hodgman clipping Algorithm  Page No.244
e Pipeline clipping

o Weiler-Atherton algorithm

e None of above

Question No.01:
Each number that makes up a matrix is called an of the matrix.
e Element Page No.101
e Variable
e Value
e Component
Question No.02:

Which one of the following step is not involved to write pixel using video BIOS services.
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e Setting desired video mode

e Using BIOS service to set color of a screen pixel

e (Calling BIOS interrupt to execute the process of writing pixel.

e Using OpenGL service to set color of a screen pixel Page No.45

Question No.03:
Shadow mask methods can display a range of colors.
e Small
e Wide Page No.29
e Random
e C(Crazy
Question No.04

Using Cohen-Sutherland line clipping, it is impossible for a vertex to be labeled 1111.

» True (Not Sure)
> False

Question No.05

Intensity of the electron beam is controlled by setting levels on the control grid, a
metal cylinder that fits over the cathode.

» Amplitude

» Current

» Voltage Page No.26
» Electron

Question
Sutherland-Hodgeman clipping algorithm clips any polygon against a concave clip polygon
Select correct option:

e True PageNol4l
e False

Question

(x"2/a”2)+ (y*2/b"2)=11is an equation of

Select correct option:
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e Parabola

e Hyperbola

e Ellipse Page No.65
e Circle

Question # 8 of 10 ( Start time: 08:11:02 PM ) Total Marks: 1

When scaling factor Sx and Sy are assigned the same value, scaling is
produced that maintains relative object proportions.

Select correct option:

e Uniform Page No.116
e Unequal
e Multiform

Question # 1 of 10 ( Start time: 08:17:06 PM ) Total Marks: 1
Boundary Filling Algorithm can work for complex polygons.
Select correct option:

o True
e False (Not Sure)

Question

Rotation performed around a fixed point called

Select correct option:

e X point rotation

e y point rotation

e Point of origin

e Piviot point rotation Page No.114

Question # 4 of 10 ( Start time: 08:30:06 PM ) Total Marks: 1

A two dimensional rotation is applied to an object by repositioning it along a
path in the XY plane
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Select correct option:

Straight
Circular
Oval
Ellipse

Question # 3 of 10 ( Start time: 08:53:28 PM ) Total Marks: 1

DDA abbreviated for

Select correct option:

Discrete data analyzer

Digital data analyzer

Digital differential analyzer Page No.54
Different Analog differential analyzers

Question # 4 of 10 ( Start time: 08:54:33 PM ) Total Marks: 1

A scaling transformation alters the of an object.

Select correct option:

Shape

Position

Size  Page No.13
Rotation

Question # 5 of 10 ( Start time: 08:42:53 PM ) Total Marks: 1

By preserving the original shape of an object with a scaling is called

Select correct option:

parallel

vertical

horizental

none of given (Not Sure)

scaling.
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Rana Abubakar Khan

If you want to learn computer programming then contact with me

truefriendlion@agmail.com

JOIN FB GROUP FOR VU HELP
www.facebook.com/groups/vu1234/

Today paper of CS602 on 25-5-2013 at 11:00am

Total MCQs 20 of each one maks
Two question of 2 marksis

Two question of 3 marks
Two question of 5 marks

MCQ’S

1. Interlacing the horizontal refresh
2. Tesselation can be adaptive to the degree of curvature of asurface.

Local
Static
Global

Variable
3. DDA standsfor

Digital Differential Analyzer
4. The test are performed for the midpoints b/w pixwls near the circle parth at each
sampling step.

Parabolla function

Ellipse funtion
Circle funtion

None of the above
5. Theactua filling process in boundary filling algorith begins when a point of the figured
is selected.


mailto:truefriendlion@gmail.com
http://www.facebook.com/groups/vu1234/

Outside the boundary

Inside the boundary
At boundary

None of the above
6. Discard aline with both endpoints outside clipping boundary is called as

Trivial accept
Trivial regect
Total outside

None of the above
7. is the tendency of thetext to flash as it moves up or down.

Flickering
Snow
Distortion

None of the above
8. isthe set of points that are equidistant from its origin.

Circle
Parabola
Hyperbola

Ellipse
9. In algorithm, old color must be read before it isinvoked.

Scane-line Filling
Floodfill
Both of the above

None of the above
10. The dot product of two vectorsA & B is if the angle b/w them isless than 90 or greater
than 270.

Greater than zero
Less than zero
Equal to zero

None of the abve
11. The axonometric projection is where the direction of projection makes same angle
with all axes.

DIMETRIC



|sometric

Oblique

Trimetric
12. The technique has the direction of projection perpendicular to the viewing plane, but the
viewing direction isNOT perpendicular to one of the principle faces.

We can draw the circle using
Pentane

Hexane

Trident

Octant
13. direct view storage tube maintains the picture display.

Electron gun
Proton gun
Flood gun

All of the above
14. Tomovea from one location to another, we trandate the center point and redraw the same
using new center point.

Arc
Parabola
Circle

All of the above
15. Because clipping against one edge is independent to all others, soitis arrange the clipping
stagesin a pipeline.

Possible

Impossible
Sometimes impossible
None of the above

16. If the polygons are line clipping techniques are sufficient for clipping.
Filled
Unfilled
Half filled
All of the above
17. Polygons consisting of can cause problems when rendering.

Non-coplanar vertices



Co-planar vertices

Any vertices
None of the above

SUBJECTIVE:

We want to scale an object two times the existing x-axis and y-axis. Write the scaling matrix for this

transformation. (2 MARKY)
What we must consider before rotaion of apoint? (2 MARKYS)

How can we find distance between two 3D points using mathematical notation? (3 MARKYS)
Write final expression of composite rotation matrix. (3 MARKYS)

Write points of difference between Cavalier and cabinet. (5 MARKS)

Write the formulas of the following: (5 MARKY)
trangdlation P=
scaling P=
rotation P=

composite transition P

Also concern following past papers for preparation:

PAST PAPERS:

Total MCQs 20 of each one maks
Two question of 2 marksis

Two question of 3 marks

Two question of 5 marks

Q1. definerotation in 2d ? (2)

Q2. describe the diagram that is On the page # 200 2nd diagram... (5)
g3. formulato find length of the vector.



g4. write ac program to draw acircle using polar coordinatx

on December 12, 2012 at 10:52am
Today CS602 Midterm Term Paper
Total Question = 26
Total Mcqgs of 1 marks of each = 20
Total 2 Marks Question = 2
Total 3 Marks Question = 2
Total 5 Marks Question = 2
write the two techniques of triangle rasterization. 2 marks
ek thak in 2-D can a polygon be divided if yes then write the reason?
what is the taxonomy of the families of the projection? shayd 5 mrks katha
write the following formulain column 2? 5 marks
ek table given tha jiske ek side par names or dusri side par unke formulas likhne the in 3-D?

trangation P=
scaling P=
rotation P=
shear P=

composite transition P=

What is meant by the viewing Frustum? (2)
In 3D graphics what we consider before the rotation of a point? (2)

Clock wise rule Walter Atherton Polygon clipping method..............c....... 3
Texture mapped triangle Rasterization.................... 5)

Reflection in 2D transformation............... 3

Diff. b/w Laca and Globa Coordinate syatem............ 5)

Current paper 2012 solved

21.
Can we implement texturing and shading at a same time? Justify your answer

Sol:



22.
Sol:

What 15 the difference between local coordinate and global coordinate systerm™

- Local coordinate systems can be defined with respect to global coordinate system
- Locations can be relative to any of these coordinate systems

- Locations can be trandated or "transformed” from one coordinate system to

another.

23.
What 1s meant by the Viewmg Frustun?

Sol:

The Viewing Frustum

A viewing frustum is 3-D volume in a scene positioned relative to the viewport's camera.
The shape of the volume affects how models are projected from camera space onto the
screen.

In 3D computer graphics, the viewing frustum or view frustum is the region of space in the modeled world that may appear
on the screen; it is the field of view of the notional camera. The exact shape of this region varies depending on what kind of
camera lens is being simulated

24,
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http://en.wikipedia.org/wiki/3D_computer_graphics

Transzlation with Homegeneous Coordinates
The translation can now be expressed using homogeneous coordinates as:

o 1 0 ¢ ||x

yi=01 ¢ ||¥
1 00 111
Abbraviated as
= T{x,ty) . P

Rotation with Homogeneous Coordinates
The rotation can now be expressed using homogeneons coordinates as

A cosfd —sin@ O x

¥ |=|snf  ecosf 0| v
1 { 0 11
Abbreviated as

D= R(g P

Scaling with Homogeneous Coordinates
The scaling can now be sxpressed using homogeneous coordinates as:

2] [5, 0 0|«
y':l:],s‘yl:]y

Abbraviated as

25.

Write down the formula for calculating unit vector from a given 3D wector <x,y,z>.

Sol:

TUnit Vector

Often 1 3D computer graphics vou need to convert a vector to 2 unit vector, 18 2 vector

that pomnts 1n the same direction but has a length of 1.

This 1z dene by sumply dividing each component by the length:
Let =x,v.z= be our vector, length = sgri{x*x = v¥v + z71)
Unit vector = =xy.z=> = X . Y o, z

length |eug'ri1 ]E:lg't]j lengzrh

(Where length = |2 v z=[)



PP B SRR EGT T T BT derel s mERN e o aad ercleaora of mobde & o k.
T e soprdiny L o A L [ T T B
=g = - AR Eal u BT e Eees -II.-|.'1'..'.-\.|:"-- i e b cemgaad = 1=~ EE T
Sol:
scaling
5 0 0 (1-5)% p
0o 5 0o (1- .S'_I ) '
o 0 5 (1-5)Z ;
0 0 0 1

Uzing Matrices for Rotation
F.oll (rotate about the Z axis):
[ [cosf —siné 0 0][x]
¥ smé&  eosd 0 0|
0 0 1 0fl=
0 0 0 1j|1]

Pitch (rotate about the X axis):
x

1"

0 0 IET
cosf —sm& 0|3
amé& cosf 0|z

0 0 111 1]

B!

0

Tlo
1] 1o

Y aw (rotate about the T asas):

27 [eesd 0O anéd 07[x]

i o100 o)
| —sinf 0 eosf 0 =z
1] L o o o 1j1

26.
Apply the follwoing transformations on the point P(xy) = (4,5)

1. Translate using Tx=3 and Ty = 2
2. Scale using Sx=2and Sy =1



Sol:
Formula to solve this question

=N+, VEV iy

x' = X.Sx

y' =y.Sy

25.

What is meant by word "unage rendermg”?

Sol:

Rendering - The process of computing atwo dimensional image using a combination of
athree-dimensional database, scene characteristics, and viewing transformations. Various
algorithms can be employed for rendering, depending on the needs of the application.

23.

Wirite down peeuds code ord funchian i SaC .« which will taka T. and Ty 85 paramsters and renskss points (el 1) and (02 y2)

Sol:



voud translate(mt to, mt tv)

r
L

wo+=tx;
ver=ty;
xl+=tx;
X +=tx;
x3+=tx;
wd+=tx;
yle=ty:
va+=ty;
vi+=tv;
vid-+=tv:

et

22.

Briefly explamn axonometric projections m the context of computer graphics.

Sol:

Axonometric projections are orthographic projections in which the

direction of projection

IS not parallel to any of the three principal axes. Non orthographic

parallel projections

are called obligue parallel projection.

21.

How can we define Compostte Transformation?

10



we can find a matrix for any sequence of transformation as a

composite transformation matrix by calculating the matrix product of the
individual

transformations.

11



CS602 Midterm Subjective Solved with Reference
By WELL WISHER (Aqua Leo)

Www.vucybarien.com

Question No: 1
What are the two focusing methods in CRT? Explain briefly.

Answer: Page no : 26

1. Electrostatic focusing
2. Magnetic focusing

In electrostatic focusing the electron beam passes through a positively charged metal

cylinder that forms an electrostatic lens. Then electrostatic lens focuses the electron
beam at the center of the screen.

Similar task can be achieved with a magnetic field setup by a coil mounted around the
outside of the CRT envelope. Magnetic lens focusing produces the smallest spot size
on the screen and is used in special purpose devices

What is the relation between triads and shadow mask method?
Answer: Page no : 29

Shadow mask methods can display a wide range of colors. In this technique each pixel
position is made up of three phosphor dots called triads.

Question No: 3

Discuss in brief the pixel drawing methods.
Answer: Page no : 48

BIOS routines are standard routines built in VGA cards but these routines are very
much slow. You will use pixel to draw filled triangle, rectangles and circles and these
all will be much slower than direct memory access method. Direct memory access
method allows you to write pixel directly by passing the complex BIOS routines. It is
easy and faster but its programming is only convenient in mode 13h. Library functions
are easier to use and even faster because these are optimized and provided with
special drivers by different companies.
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What are the steps involved in performing the boundary fill algorithm, also write the
pseudo code for the steps you have mentioned above?

Answer: Page no : 97

The Boundary fill algorithm performs the following steps:
Check the pixel for boundary color

Check the pixel for fill color

Set the pixel in fill color

Run the process for neighbors

The pseudo code for Boundary fill algorithm can be written as:
boundaryfFill (x, y, fillColor, boundaryColor)
if (x<0) ]| (x>=width))

return
if ((y <0) 11 (y >= height))

return
current = GetPixel(x, y)
if ((current !'= boundaryColor) && (current !=fillColor))
setPixel(fillColor, x, y)
boundaryfFill (x+1, y, fillColor, boundaryColor)
boundaryfFill (x, y+1, fillColor, boundaryColor)
boundaryfFill (x-1, y, fillColor, boundaryColor)
boundaryfFill (x, y-1, fillColor, boundaryColor)

How the locality of a point can be defined with respect to a plane?
Answer: page no 208)(lec no 21)

One of the most important operations planes let you perform is defining the location of a

point with respect to a plane. If you drop a point into the equation, it can be classified into
three cases: in front of the plane, in back of the plane, or coplanar with the plane. Front is
defined as the side of the plane the normal sticks out of.

Find in which quadrant the point (-2, 3) lies in 2D plane.
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Answer:
2nd quadrant

Question No: 7

Consider these 3-D vectors:

A=1[9,8,7]
B=1[4,7,3]
C=1[2,9,6]

Compute :
i) A.BxC
i) AxB.C
Answer:

BXC =[7x6 - 3x9, 3x2 - 4x6 , 4x9 — 7x2]

=[15,-18,22]

A.BxC =9x15 +8x(-18)+7x22=  135-144+154=145

AXB =[8x3 - 7X7 , 7x4 - 9x3 , 97 — 8x4]

=[-25,1,31]

AxB.C =-25x2+1x9+31x6 =-50 + 9+186=145

What is the main difference between
i)  Orthographic projection
i)  Oblique projection
Answer:
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Orthographic Projection

If the direction of projection is perpendicular to the projection plane then it is
an orthographic projection.

Oblique Projection

If the direction of projection is not perpendicular to the projection plane then
it is an oblique projection.

a) Suppose we want to perform 3D scaling using homogenous coordinates with
respect to a point Q (x1,y1,z1) Derive the matrix we should use for this purpose. take
(Sx=6,Sy=4,Sz=7)

b) Suppose we want to perform 3D Rotation of 180 degrees about Y-Axis using
Homogenous coordinates using Reflection, Give the matrix that can do this task.
Answer:

Scaling with respect to a selected fixed position:

Scaling with respect to a selected fixed position (x1,y1,z1) can be represented with the
following transformation sequence:

1. Translate the fixed point to the origin.
2. Scale the object relative to the coordinate origin
3. Translate the fixed point back to its original position

I 0 0 xI|[Sx 0 O O][1 0 0 —xl
0 1 0 yl{|O Sy 0 O0/|0 1 0 —yl
0 01 zI||[0O O Sz 0[|0 0 1 ~—zI
00 0 1[0 0 O 1//[00 O 1
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The reflection transformation operation is equivalent to rotation of 180 degrees so we
can use the following transformation matrix using homogenous coordinates to
perform the rotation of 180 degrees about y axis

-1 0 0 0
0 1 00
0 01 0
(0 0 0 1]

Question No: 10

Suppose we want to perform the following operations in 2D using homogenous
coordinates

in the order as given below:

a. Reflection about Y axis
b. Rotation of + 30 Degrees
c. Reflection about X axis

Find the resultant composite matrix that can perform this task using the individual 2D
transformation matrices using Homogenous coordinates.
You can use the table:

Angle (Degrees) Sin Cos
30° 1/2 J372
Answer:
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We can produce Reflection about Y-Axis by matrix

I
0 10
0 01
\;Ve can produce Rotation of 30 degrees by matrix

[cos@ —sin@ 0 cos30 —sin30 0
sinf  cosf 0|=|sn30 cos30 0
| 0 0 1 0 0 1

We can produce Reflection about X-axis by matrix

1 0 0][cos30 —sin30 0][-1 0 0O
=0 <1 0]|sin30 cos30 0|0 1 0
0 01

o 1)[ o 01
1o 0][¥312 12 o[-y o 0]
=0 -1 0| v2 312 of[0 1 0
00 1,0 0o 100 Ij

32 12 0

172 =B/2 0

0 0 1

Final Matrix

Question No: 6 [ ET

Question No: 11

Why is the Bresenham's line drawing algorithm more efficient than the DDA line

drawing algorithm? Give precise one line answer.

Answer:

lec no 5 and page no 57

Right Handed Rule:

Answer:
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“Right Hand Rule” for rotations: grasp axis with right hand with thumb oriented in

positive direction, fingers will then curl in direction of positive rotation for that
axis.

Right handed Cartesian coordinate system describes the relationship of the X,Y,
and Z in the following manner:

X is positive to the right of the origin, and negative to the left.
= Y is positive above the origin, and negative below it.

e Zis negative beyond the origin, and positive behind it.

uestion No:12

What is Viewing Frustum?

Answer: . Pge 199 and lec no 20

A viewing frustum is 3-D volume in a scene positioned relative to the view port’s
camera. The shape of the volume affects how models are projected from camera
space onto the screen. The most common type of projection, a perspective
projection, is responsible for making objects near the camera appear bigger than
objects in the distance. For perspective viewing, the viewing frustum can be
visualized as a pyramid, with the camera positioned at the tip. This pyramid is
intersected by a front and back clipping plane. The volume within the pyramid
between the front and back clipping planes is the viewing frustum. Objects are
visible only when they are in this volume

Question No: 13

Give homogeneous translation matrix for 2D transformation.
Answer: Page 118 and lec 12.
Translation with Homogeneous Coordinates

The translation can now be expressed using homogeneous coordinates as:

P'= T(tx,ty). P
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Question No: 14

What is meant by Trivial Accept?
Answer:

Trivial Accept - save a line with both endpoints inside all clipping boundaries.

uestion No: 15

What is Rendering?
Answer: Page : 162 lec 16

The process of computing a two dimensional image using a combination of a
three-dimensional database, scene characteristics, and viewing transformations.
Various algorithms can be employed for rendering, depending on the needs of the
application.

uestion No:16

Clearly Explain the Following:
a. Why in Scan Line Filling Algorithm we don’t put the edges having 1/m =0 in
active edge table.
b. In matrix multiplication the number of columns of first matrix should be
equal to number of rows of second matrix.

a. In Scan line filling algorithm we don't put the edges having 1/m in active edge table because
we treat it as special a case. If this edge is at the minimum y value for all edges, it is drawn.
Otherwise, if the edge is at the maximum y value for any edge, we do not draw it.

b. Because we multiply the rows of first matrix by the column of second matrix so if we don't have
the number of corresponding elements equal, we would not be able to multiply the matrices.

uestion No: 17

Write the two techniques of triangle rasterization. 2 marks
Answer:

1. Smooth Shaded Triangle Rasterization
2. Texture Mapped Triangle Rasterization

A 2-D polygon can be divided if yes then write the reason?
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Answer:

A polygon can be translated by applying the P’=P + T to each vertices of the polygon
and redrawing the polygon with new coordinates.

Question No: 17

What is the taxonomy of the families of the projection?

Answer:
Projections
Perspective Parallel
/ ‘ AN | |
Orthographic Oblique
One Point Two Point Three Point ) , . : )
p— ul
IW (Twe Principd (me meu [ijem perpendicular o veiw Pmpcbn not perpendicular to
vaticting  vanishing point)  “anishing point ) Vo e
poirt ) I l
) General
Multiview Axonometric
(ew plane panlil fiew plane RN
to principal planes) not parallel to
principal planes) Cavalier Cabinet
Isometric Dimetic  Trimetic

uestion No: 18

Write the formulas of following:

Translation P'=
Scaling P'=
Rotation pP'=
Shear P'=

Composite Rotation  P'=
Answer:
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Translation: P=P+ T
Rotation: P'=R.P

Scaling: P'=S. P
Composite Rotation:
P'=R(0,+0,).P

uestion No:19

Define rotation in 2d ? (2)
Answer:

A two dimensional rotation is applied to an object by repositioning it along a circular
path in the xy plane

Q2. Describe the diagram that is On the 2nd diagram... (5)

Answer: Chapter: 20 page # 200
/
4 D Scieen Far Plane
A e’

fov/2 * tan(fovi2)

» 2
Camera / Zsront Zyack
Position

The viewing frustum is defined by fov (field of view) and by the distances of the front
and back clipping planes, specified in z-coordinates.In this illustration, the variable D
is the distance from the camera to the origin of the space that was defined in the last
part of the geometry pipeline—the viewing transformation. This is the space around
which you arrange the limits of your viewing frustum. For information about how this
D variable is used to build the projection matrix.
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Question No: 20

Formula to find length of the vector.
Answer:
|V]=sqrt(x*x + y*y + z*2)

Question No: 21

Which algorithm finds the closest integer coordinates to the actual line. Summarize
this algorithm and suggest some improvements.

Anwer: page no 55 and lec no 5.

Bresenham'’s algorithm finds the closest integer coordinates to the actual line, using
only integer math. Assuming that the slope is positive and less than 1, moving 1 step
in the x direction, y either stays the same, or increases by 1. A decision function is
required to resolve this choice.

Question No: 22

Scaling with respect to a selected fixed position
Answer: page 185(lec18)
Translate the fixed point to the origin.

Scale the object relative to the coordinate origin

Translate the fixed point back to its original position

Question No: 23

a. Concave and convex polygons.

b. Complex and concave polygons. c.

Filled and Unfilled Polygons.

Answer: (Lec 18) (Page no 78, 79)

Difference between concave and convex polygons
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If a straight line connecting any two points that are inside the polygon intersects any
edges of the polygon, then this polygon is called Concave polygons, otherwise it will
be convex

one.

Difference between Complex and Convex polygons

In complex polygons the vertices intersect some edge of the polygon whereas in
convex polygons they cannot.

Difference between Filled and Unfilled Polygon

In an unfilled polygon, only the points on the perimeter of the polygon are drawn.
Whereas, in filled polygons all the interior points of the polygon must be filled. This
means that all of the pixels within the boundaries of the polygon must be set to the
specified color or pattern.

a. How we can find that whether a point lies inside a polygon or not?
b. Describe any case in which Boundary fill algorithm may fail.
Answer:

a)

To test it, draw a line segment from any point that lies outside the polygon to a point
P that we wish to determine whether it is inside or outside of the polygon. Count the
number of edges that the line crosses. If the number of polygon edges crossed is odd,
then P lies within the polygon. Similarly, if the number of edges is even, then P lies
outside of the polygon.

b)
The boundary fill algorithm may fail in the case of Complex Polygons.

1. Suppose a man is standing at the point P=(-3,2,3) and it is looking along the vector
V=[4,911]
Determine whether the man would be able to see a point P’ (1, 0, 1) or not.

2. Find the distance between the points (-2,3) and (-6,6)
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Answer:

First we will find Test vector T as follows:
T=[(-3-1),(2-0),(3-1)]
So,
T=[-4,2,2]
Now Finding
T.V=-16+18 + 22
=+24
AsT.V >0

Give the resultant point when we apply 2D scaling using homogenous coordinates on
the point P(9,3), about the point P(7,7) Take Sx = 2,Sy = 3.

Answer:

Cs602 midterm Subjective | Solved by Well Wisher | www.vucybarien.com




AS the matrix for scaling with respect to point P(x,y) is
Sx 0 (1-S8x)x

0 Sy (A-Sy)y
0 0 1
So the result would be
2 0 (=17
0 3 (-2)7
0 0 1

When we apply it on point P(9,3), we get the result as follows

2 (-D719
=[0 (-2)7 {3
[0 0 1 1
18+ 0+ (-=7)
=10+9+(-14)
[ 0+0+1
11
=[-5
1
So our resultant p-oint would be P’'(11,-5)

0
3

Question : 27

How can we tackle edges meeting at a vertex and for both edges the vertex

is the minimum point in scan line filling algorithm.

Answer:

We tackle the edges meeting at a vertex in scan line by incrementing the parity
in scan line algorithm twice and filling the point at the vertex.

Question : 28

In which of planes given below the Point P(2,0,3) lies

1) Xy plane

i) yz plane
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iii) zx plane
Answer:

ZX plane.

Why the Cohen-Sutherland Line-Clipping Algorithm involves much more
calculations than the other line clipping algorithms.

Answer:

We need much more calculations in Cohen Stherland line clipping Algorithm
because we have to perform trivial accept / Reject test for every point on the line

this consumes a lot of computational power and time.

Question : 30

What could be the ways to implement area filling on raster systems? Summarize scan
line polygon filling algorithm in your own words.
Answer:

One way is to draw straight lines between the edges of polygon called scan-line
polygon filling. Second way is to start from an interior point and paint outward from
this point till we reach the boundary called boundary-fill.
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Question No: 1
What are the two focusing methods in CRT? Explain briefly.

Answer: Page no : 26

1. Electrostatic focusing
2. Magnetic focusing

In electrostatic focusing the electron beam passes through a positively charged metal

cylinder that forms an electrostatic lens. Then electrostatic lens focuses the electron
beam at the center of the screen.

Similar task can be achieved with a magnetic field setup by a coil mounted around the
outside of the CRT envelope. Magnetic lens focusing produces the smallest spot size
on the screen and is used in special purpose devices

What is the relation between triads and shadow mask method?
Answer: Page no : 29

Shadow mask methods can display a wide range of colors. In this technique each pixel
position is made up of three phosphor dots called triads.

Question No: 3

Discuss in brief the pixel drawing methods.
Answer: Page no : 48

BIOS routines are standard routines built in VGA cards but these routines are very
much slow. You will use pixel to draw filled triangle, rectangles and circles and these
all will be much slower than direct memory access method. Direct memory access
method allows you to write pixel directly by passing the complex BIOS routines. It is
easy and faster but its programming is only convenient in mode 13h. Library functions
are easier to use and even faster because these are optimized and provided with
special drivers by different companies.
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What are the steps involved in performing the boundary fill algorithm, also write the
pseudo code for the steps you have mentioned above?

Answer: Page no : 97

The Boundary fill algorithm performs the following steps:
Check the pixel for boundary color

Check the pixel for fill color

Set the pixel in fill color

Run the process for neighbors

The pseudo code for Boundary fill algorithm can be written as:
boundaryfFill (x, y, fillColor, boundaryColor)
if (x<0) ]| (x>=width))

return
if ((y <0) 11 (y >= height))

return
current = GetPixel(x, y)
if ((current !'= boundaryColor) && (current !=fillColor))
setPixel(fillColor, x, y)
boundaryfFill (x+1, y, fillColor, boundaryColor)
boundaryfFill (x, y+1, fillColor, boundaryColor)
boundaryfFill (x-1, y, fillColor, boundaryColor)
boundaryfFill (x, y-1, fillColor, boundaryColor)

How the locality of a point can be defined with respect to a plane?
Answer: page no 208)(lec no 21)

One of the most important operations planes let you perform is defining the location of a

point with respect to a plane. If you drop a point into the equation, it can be classified into
three cases: in front of the plane, in back of the plane, or coplanar with the plane. Front is
defined as the side of the plane the normal sticks out of.

Find in which quadrant the point (-2, 3) lies in 2D plane.
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Answer:
2nd quadrant

Question No: 7

Consider these 3-D vectors:

A=1[9,8,7]
B=1[4,7,3]
C=1[2,9,6]

Compute :
i) A.BxC
i) AxB.C
Answer:

BXC =[7x6 - 3x9, 3x2 - 4x6 , 4x9 — 7x2]

=[15,-18,22]

A.BxC =9x15 +8x(-18)+7x22=  135-144+154=145

AXB =[8x3 - 7X7 , 7x4 - 9x3 , 97 — 8x4]

=[-25,1,31]

AxB.C =-25x2+1x9+31x6 =-50 + 9+186=145

What is the main difference between
i)  Orthographic projection
i)  Oblique projection
Answer:
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Orthographic Projection

If the direction of projection is perpendicular to the projection plane then it is
an orthographic projection.

Oblique Projection

If the direction of projection is not perpendicular to the projection plane then
it is an oblique projection.

a) Suppose we want to perform 3D scaling using homogenous coordinates with
respect to a point Q (x1,y1,z1) Derive the matrix we should use for this purpose. take
(Sx=6,Sy=4,Sz=7)

b) Suppose we want to perform 3D Rotation of 180 degrees about Y-Axis using
Homogenous coordinates using Reflection, Give the matrix that can do this task.
Answer:

Scaling with respect to a selected fixed position:

Scaling with respect to a selected fixed position (x1,y1,z1) can be represented with the
following transformation sequence:

1. Translate the fixed point to the origin.
2. Scale the object relative to the coordinate origin
3. Translate the fixed point back to its original position

I 0 0 xI|[Sx 0 O O][1 0 0 —xl
0 1 0 yl{|O Sy 0 O0/|0 1 0 —yl
0 01 zI||[0O O Sz 0[|0 0 1 ~—zI
00 0 1[0 0 O 1//[00 O 1
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The reflection transformation operation is equivalent to rotation of 180 degrees so we
can use the following transformation matrix using homogenous coordinates to
perform the rotation of 180 degrees about y axis

-1 0 0 0
0 1 00
0 01 0
(0 0 0 1]

Question No: 10

Suppose we want to perform the following operations in 2D using homogenous
coordinates

in the order as given below:

a. Reflection about Y axis
b. Rotation of + 30 Degrees
c. Reflection about X axis

Find the resultant composite matrix that can perform this task using the individual 2D
transformation matrices using Homogenous coordinates.
You can use the table:

Angle (Degrees) Sin Cos
30° 1/2 J372
Answer:
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We can produce Reflection about Y-Axis by matrix

I
0 10
0 01
\;Ve can produce Rotation of 30 degrees by matrix

[cos@ —sin@ 0 cos30 —sin30 0
sinf  cosf 0|=|sn30 cos30 0
| 0 0 1 0 0 1

We can produce Reflection about X-axis by matrix

1 0 0][cos30 —sin30 0][-1 0 0O
=0 <1 0]|sin30 cos30 0|0 1 0
0 01

o 1)[ o 01
1o 0][¥312 12 o[-y o 0]
=0 -1 0| v2 312 of[0 1 0
00 1,0 0o 100 Ij

32 12 0

172 =B/2 0

0 0 1

Final Matrix

Question No: 6 [ ET

Question No: 11

Why is the Bresenham's line drawing algorithm more efficient than the DDA line

drawing algorithm? Give precise one line answer.

Answer:

lec no 5 and page no 57

Right Handed Rule:

Answer:
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“Right Hand Rule” for rotations: grasp axis with right hand with thumb oriented in

positive direction, fingers will then curl in direction of positive rotation for that
axis.

Right handed Cartesian coordinate system describes the relationship of the X,Y,
and Z in the following manner:

X is positive to the right of the origin, and negative to the left.
= Y is positive above the origin, and negative below it.

e Zis negative beyond the origin, and positive behind it.

uestion No:12

What is Viewing Frustum?

Answer: . Pge 199 and lec no 20

A viewing frustum is 3-D volume in a scene positioned relative to the view port’s
camera. The shape of the volume affects how models are projected from camera
space onto the screen. The most common type of projection, a perspective
projection, is responsible for making objects near the camera appear bigger than
objects in the distance. For perspective viewing, the viewing frustum can be
visualized as a pyramid, with the camera positioned at the tip. This pyramid is
intersected by a front and back clipping plane. The volume within the pyramid
between the front and back clipping planes is the viewing frustum. Objects are
visible only when they are in this volume

Question No: 13

Give homogeneous translation matrix for 2D transformation.
Answer: Page 118 and lec 12.
Translation with Homogeneous Coordinates

The translation can now be expressed using homogeneous coordinates as:

P'= T(tx,ty). P
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Question No: 14

What is meant by Trivial Accept?
Answer:

Trivial Accept - save a line with both endpoints inside all clipping boundaries.

uestion No: 15

What is Rendering?
Answer: Page : 162 lec 16

The process of computing a two dimensional image using a combination of a
three-dimensional database, scene characteristics, and viewing transformations.
Various algorithms can be employed for rendering, depending on the needs of the
application.

uestion No:16

Clearly Explain the Following:
a. Why in Scan Line Filling Algorithm we don’t put the edges having 1/m =0 in
active edge table.
b. In matrix multiplication the number of columns of first matrix should be
equal to number of rows of second matrix.

a. In Scan line filling algorithm we don't put the edges having 1/m in active edge table because
we treat it as special a case. If this edge is at the minimum y value for all edges, it is drawn.
Otherwise, if the edge is at the maximum y value for any edge, we do not draw it.

b. Because we multiply the rows of first matrix by the column of second matrix so if we don't have
the number of corresponding elements equal, we would not be able to multiply the matrices.

uestion No: 17

Write the two techniques of triangle rasterization. 2 marks
Answer:

1. Smooth Shaded Triangle Rasterization
2. Texture Mapped Triangle Rasterization

A 2-D polygon can be divided if yes then write the reason?
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Answer:

A polygon can be translated by applying the P’=P + T to each vertices of the polygon
and redrawing the polygon with new coordinates.

Question No: 17

What is the taxonomy of the families of the projection?

Answer:
Projections
Perspective Parallel
/ ‘ AN | |
Orthographic Oblique
One Point Two Point Three Point ) , . : )
p— ul
IW (Twe Principd (me meu [ijem perpendicular o veiw Pmpcbn not perpendicular to
vaticting  vanishing point)  “anishing point ) Vo e
poirt ) I l
) General
Multiview Axonometric
(ew plane panlil fiew plane RN
to principal planes) not parallel to
principal planes) Cavalier Cabinet
Isometric Dimetic  Trimetic

uestion No: 18

Write the formulas of following:

Translation P'=
Scaling P'=
Rotation pP'=
Shear P'=

Composite Rotation  P'=
Answer:
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Translation: P=P+ T
Rotation: P'=R.P

Scaling: P'=S. P
Composite Rotation:
P'=R(0,+0,).P

uestion No:19

Define rotation in 2d ? (2)
Answer:

A two dimensional rotation is applied to an object by repositioning it along a circular
path in the xy plane

Q2. Describe the diagram that is On the 2nd diagram... (5)

Answer: Chapter: 20 page # 200
/
4 D Scieen Far Plane
A e’

fov/2 * tan(fovi2)

» 2
Camera / Zsront Zyack
Position

The viewing frustum is defined by fov (field of view) and by the distances of the front
and back clipping planes, specified in z-coordinates.In this illustration, the variable D
is the distance from the camera to the origin of the space that was defined in the last
part of the geometry pipeline—the viewing transformation. This is the space around
which you arrange the limits of your viewing frustum. For information about how this
D variable is used to build the projection matrix.
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Question No: 20

Formula to find length of the vector.
Answer:
|V]=sqrt(x*x + y*y + z*2)

Question No: 21

Which algorithm finds the closest integer coordinates to the actual line. Summarize
this algorithm and suggest some improvements.

Anwer: page no 55 and lec no 5.

Bresenham'’s algorithm finds the closest integer coordinates to the actual line, using
only integer math. Assuming that the slope is positive and less than 1, moving 1 step
in the x direction, y either stays the same, or increases by 1. A decision function is
required to resolve this choice.

Question No: 22

Scaling with respect to a selected fixed position
Answer: page 185(lec18)
Translate the fixed point to the origin.

Scale the object relative to the coordinate origin

Translate the fixed point back to its original position

Question No: 23

a. Concave and convex polygons.

b. Complex and concave polygons. c.

Filled and Unfilled Polygons.

Answer: (Lec 18) (Page no 78, 79)

Difference between concave and convex polygons
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If a straight line connecting any two points that are inside the polygon intersects any
edges of the polygon, then this polygon is called Concave polygons, otherwise it will
be convex

one.

Difference between Complex and Convex polygons

In complex polygons the vertices intersect some edge of the polygon whereas in
convex polygons they cannot.

Difference between Filled and Unfilled Polygon

In an unfilled polygon, only the points on the perimeter of the polygon are drawn.
Whereas, in filled polygons all the interior points of the polygon must be filled. This
means that all of the pixels within the boundaries of the polygon must be set to the
specified color or pattern.

a. How we can find that whether a point lies inside a polygon or not?
b. Describe any case in which Boundary fill algorithm may fail.
Answer:

a)

To test it, draw a line segment from any point that lies outside the polygon to a point
P that we wish to determine whether it is inside or outside of the polygon. Count the
number of edges that the line crosses. If the number of polygon edges crossed is odd,
then P lies within the polygon. Similarly, if the number of edges is even, then P lies
outside of the polygon.

b)
The boundary fill algorithm may fail in the case of Complex Polygons.

1. Suppose a man is standing at the point P=(-3,2,3) and it is looking along the vector
V=[4,911]
Determine whether the man would be able to see a point P’ (1, 0, 1) or not.

2. Find the distance between the points (-2,3) and (-6,6)
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Answer:

First we will find Test vector T as follows:
T=[(-3-1),(2-0),(3-1)]
So,
T=[-4,2,2]
Now Finding
T.V=-16+18 + 22
=+24
AsT.V >0

Give the resultant point when we apply 2D scaling using homogenous coordinates on
the point P(9,3), about the point P(7,7) Take Sx = 2,Sy = 3.

Answer:
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AS the matrix for scaling with respect to point P(x,y) is
Sx 0 (1-S8x)x

0 Sy (A-Sy)y
0 0 1
So the result would be
2 0 (=17
0 3 (-2)7
0 0 1

When we apply it on point P(9,3), we get the result as follows

2 (-D719
=[0 (-2)7 {3
[0 0 1 1
18+ 0+ (-=7)
=10+9+(-14)
[ 0+0+1
11
=[-5
1
So our resultant p-oint would be P’'(11,-5)

0
3

Question : 27

How can we tackle edges meeting at a vertex and for both edges the vertex

is the minimum point in scan line filling algorithm.

Answer:

We tackle the edges meeting at a vertex in scan line by incrementing the parity
in scan line algorithm twice and filling the point at the vertex.

Question : 28

In which of planes given below the Point P(2,0,3) lies

1) Xy plane

i) yz plane
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iii) zx plane
Answer:

ZX plane.

Why the Cohen-Sutherland Line-Clipping Algorithm involves much more
calculations than the other line clipping algorithms.

Answer:

We need much more calculations in Cohen Stherland line clipping Algorithm
because we have to perform trivial accept / Reject test for every point on the line

this consumes a lot of computational power and time.

Question : 30

What could be the ways to implement area filling on raster systems? Summarize scan
line polygon filling algorithm in your own words.
Answer:

One way is to draw straight lines between the edges of polygon called scan-line
polygon filling. Second way is to start from an interior point and paint outward from
this point till we reach the boundary called boundary-fill.

Cs602 midterm Subjective | Solved by Well Wisher | www.vucybarien.com




DOWNLOAD MIDTERM

PAST PAPERSBY WAQAR SIDDHU

Morein PDF From

VU Answer
Get All Solutions.



Marks: 2 (Budgeted Time 4 Min) (=

Question No : 21 of 26

Explain the term "Modeling" in context of 3D coordinate system.

Answer ( Please click here to Add Answer )

| o é[—_& | 35 23 fg| %y O IM I @J, A AL I@ Imo% vll
Jriormal =]} 2rial :“‘12 R | A ”TE:;

Looking at the Wings 3D workspace, you can see the red. blue, and gresn lines that represent the XY, and Z axes.
In Wings 3D. Y is up and down, X is side to side, and Z is front to back. These three axes are commonly used to define the active axis for meving, scaling, or rotating a model. Often in Wings 3D they will be referred to as Standard axes.

Note: Other modelers may swap the Y and Z axis, so when importing a medel into Wings 3D it may appear to be the wrong way around.

i R
S

Tl
1]
i

Points

A point is any location in 3D space. Points can be used as references, such as the center around which a model will be rotated. A point may be defined by the intersection of two vactors. Points can also be used to define the location of a plane.
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Marks: 2 (Budgeted Time 4 Iin)

Question No : 22 of 26

We want to scale an ohject two times of the existing size on X-axis and Y-axis. Write the scaling matrix for this transformation

i
¥

il
L
L[

lhhl
I
Tl

Answer ( Please click here to Add Answer )
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Question No : 23 of 26

Marks: 3 (Budgeted Time 6 Min) (=)

What would you understand by the following matnix in context of clipping plane?

-

w0 0 0
0k 0 0
00 @ 1
00 -0z, 0 =

Answer ( Please click here to Add Answer )
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Chcek book page
202
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Question No : 24 of 26 Marks: 3 (Budgeted Time 6 Min) (=]
How can we perform the Shearing transformation? Also discuss its two types. =
fod|

Answer ( Please click here to Add Answer )
a4 Ene o [E [ o]
] Jasia ElEE s u|Be2=25]

l
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A
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Irddr mal

Transformation means changing some graphics into something else by applying
rules. We can have various types of transformations such as translation, scaling up
or down, rotation, shearing, etc. When a transformation takes place on a 2D plane,

it 1s called 2D transformation
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Marks: 5 (Budgeted Time 10 Min)

Question No : 25 of 26
What following figure illustrates about the perspective transformation being performed
v Z

g z
Viewing %—V’\
frustum ﬂ* v«\
111
AN /|

Answer ( Please click here to Add Answer )
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Question No : 25 of 26

Marks: 5 (Budgeted Time 10 Min) (=]

Viewing h A

frustum — T —=

i
b .
Camera position 7

-~

Answer ( Please click here to Add Answer )
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Question No : 25 of 26

Marks: 5 (Budgeted Time 10 Min) (=]

Llllll)

Camera position 7

-~

Answer ( Please click here to Add Answer )
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Question No : 26 of 26
An object is scaled and rotated about its centroid coordinates (xc, yc) and then translated. You are required to find the values for the elements of the composite transformation matrix

Answer ( Please click here to Add Answer )
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Question No : 21 of 26

Marks: 2 (Budgeted Time 4 Min) (=]

Write down which type of professionals uses y-up versus z-up coordinate system?

Y

-

Answer { Please click here to Add Answer )
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Question No : 21 of 26

Marks: 2 (Budgeted Time 4 Min) (=]
\L,x X

z- v
Answer { Please click here to Add Answer )
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Question No : 22 of 26

Marks: 2 (Budgeted Time 4 Min) (=]
Explain the term "Modeling" in context of 3D coordinate system. =
i

Answer { Please click here to Add Answer )
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Question No : 23 of 26

Marks: 3 (Budgeted Time 6 Min) (=]

In which situation intersection between a Line and Plane occurs?

=

Answer { Please click here to Add Answer )
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Question No : 24 of 26 Marks: 3 (Budgeted Time 6 Min) (=]

How can we express the rotation of an ohject by using Homogeneous Coordinates in matrices form? =

Answer { Please click here to Add Answer )
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Question No : 25 of 26 Marks: 5 (Budgeted Time 10 Min) (=]

-~

When we discuss 3D transformations, explain the concept of translation with the help of example.

Answer { Please click here to Add Answer )
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Question No : 26 of 26

Marks: 5 (Budgeted Time 10 Min) (=]

Apply the following transformations on the point P(x,y) = (4,5).

1. Translate using Tx=3 and Ty =2
2. Scale using Sx=2 and Sy =1

-~

Answer { Please click here to Add Answer )
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Marks: 2 (Budgeted Time 4 Min) (=

Question No : 21 of 26

Explain the term "Modeling" in context of 3D coordinate system.

Answer ( Please click here to Add Answer )

| o é[—_& | 35 23 fg| %y O IM I @J, A AL I@ Imo% vll
Jriormal =]} 2rial :“‘12 R | A ”TE:;

Looking at the Wings 3D workspace, you can see the red. blue, and gresn lines that represent the XY, and Z axes.
In Wings 3D. Y is up and down, X is side to side, and Z is front to back. These three axes are commonly used to define the active axis for meving, scaling, or rotating a model. Often in Wings 3D they will be referred to as Standard axes.

Note: Other modelers may swap the Y and Z axis, so when importing a medel into Wings 3D it may appear to be the wrong way around.
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S

Tl
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i

Points

A point is any location in 3D space. Points can be used as references, such as the center around which a model will be rotated. A point may be defined by the intersection of two vactors. Points can also be used to define the location of a plane.
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Marks: 2 (Budgeted Time 4 Iin)

Question No : 22 of 26

We want to scale an ohject two times of the existing size on X-axis and Y-axis. Write the scaling matrix for this transformation
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Answer ( Please click here to Add Answer )
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Question No : 23 of 26

Marks: 3 (Budgeted Time 6 Min) (=)

What would you understand by the following matnix in context of clipping plane?

-

w0 0 0
0k 0 0
00 @ 1
00 -0z, 0 =

Answer ( Please click here to Add Answer )
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Question No : 24 of 26 Marks: 3 (Budgeted Time 6 Min) (=]
How can we perform the Shearing transformation? Also discuss its two types. =
fod|

Answer ( Please click here to Add Answer )
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Transformation means changing some graphics into something else by applying
rules. We can have various types of transformations such as translation, scaling up
or down, rotation, shearing, etc. When a transformation takes place on a 2D plane,

it 1s called 2D transformation
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Marks: 5 (Budgeted Time 10 Min)

Question No : 25 of 26
What following figure illustrates about the perspective transformation being performed
v Z

g z
Viewing %—V’\
frustum ﬂ* v«\
111
AN /|

Answer ( Please click here to Add Answer )
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Question No : 25 of 26

Marks: 5 (Budgeted Time 10 Min) (=]

Viewing h A

frustum — T —=

i
b .
Camera position 7
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Answer ( Please click here to Add Answer )
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Question No : 25 of 26

Marks: 5 (Budgeted Time 10 Min) (=]

Llllll)

Camera position 7
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Answer ( Please click here to Add Answer )
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Marks: 5 (Budgeted Time 10 Min) (=]

Question No : 26 of 26
An object is scaled and rotated about its centroid coordinates (xc, yc) and then translated. You are required to find the values for the elements of the composite transformation matrix

Answer ( Please click here to Add Answer )
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Question No : 21 of 26

Marks: 2 (Budgeted Time 4 Min) (=]

Write down which type of professionals uses y-up versus z-up coordinate system?

Y

-

Answer { Please click here to Add Answer )
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Question No : 21 of 26

Marks: 2 (Budgeted Time 4 Min) (=]
\L,x X

z- v
Answer { Please click here to Add Answer )
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Question No : 22 of 26

Marks: 2 (Budgeted Time 4 Min) (=]
Explain the term "Modeling" in context of 3D coordinate system. =
i

Answer { Please click here to Add Answer )
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Question No : 23 of 26

Marks: 3 (Budgeted Time 6 Min) (=]

In which situation intersection between a Line and Plane occurs?

=

Answer { Please click here to Add Answer )
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Question No : 24 of 26 Marks: 3 (Budgeted Time 6 Min) (=]

How can we express the rotation of an ohject by using Homogeneous Coordinates in matrices form? =

Answer { Please click here to Add Answer )
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Question No : 25 of 26 Marks: 5 (Budgeted Time 10 Min) (=]

-~

When we discuss 3D transformations, explain the concept of translation with the help of example.

Answer { Please click here to Add Answer )
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Question No : 26 of 26

Marks: 5 (Budgeted Time 10 Min) (=]

Apply the following transformations on the point P(x,y) = (4,5).

1. Translate using Tx=3 and Ty =2
2. Scale using Sx=2 and Sy =1
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Answer { Please click here to Add Answer )
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