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UNIT-1 INTRODUCTION TO COMPUTER
GRAPHICS -

Structure :

1.1 Introduction

1.2 Objectives

1.3 Computer Graphics

1.4  Input and Output Devices

1.5 Refreshing and Video Display Devices
1.6 Summary |
1.7  Technical Questions

1.1 INTRODUCTION o

In the on going development of research era we create 2-D and ‘3-D
pictures in computer graphics for research purposes. Hardware devices also plays
a very important role in picture generation, many hardware device algorithms are
created live storage of models and images of objects which are consequently used
in several fields of computational mathematics enginecring and many others. * -

The rest of the unit is structured as follows. In the first section les the list
of objectives of the unit section, 1.2 discuss the basics of computer graphics.
Section 1.3 and 1.4 explain the graphics primitives and 2D viewing. Section 1.5
captures the summary of the unit and Section 1.6 and the unit deals with some
Technical Questions for students to work out. ' o

1.2 OBJECTIVES

After the end of this unit, you shouid be able to understand:
»  The basics of computer graphics and various graphics primitives.

>  Display devices, Refreshing & Video Displaying Devices, Input and
output devices, etc. : : -

> Different drawing and clipping techniques.
1.3 COMPUTER GRAPHICS

-
F

: Computer graphics can be termed as the process which gets transformed
- and displays the information in a visual form. Computer graphics has become a



very significant feature in the present scenario, beyond technology, as in user
interfaces, TV and commercial videos are Motion Pictures.

The fundamental conbept of Computei' Graphics places the two-way
communication between users. The computer will receive signals from the input
device and accordingly picture is transformed as soon as the command is given.

> Computer Graphics
Computer Graphics has three components as shown in Figure 1.1 below.

Computer Graphics

l | 1

" Generative Graphics .tmago Analysis

Lognitive
{used 1o create {used to generation {used for photographic
imagos)

line;circie,ellipse) of pictures,images)

Figure 1.1: Three components of Computer Graphics ©

Generative Graphics: It is an autonomous system that is used to create whole
or part of images. Generally and autonomous system is one that is not human
and independent features of images that would otherwise required decisions
made directly . ' '

Image Analysis : Image analysis is a way for providing theoretical
fundamentals for solving problems that appears in areas like as biology,
chemistry, astronomy etc. In computer graphics the main purpose of a computer
is to create an image. Image processing to restore, resize, modify original
pictures like TV scans machine perception of visual information. With image
digitization comes the concepts of pixels ( px ), resolution and aspect ratio for
considering Image quality which is used in advanced graphics.

Lognitive /Cognitive: Understanding the mental processes of visual perception
provides your mind with the tools for the formation of images that establishes
links with your viewer to convey the story you are telling.

Applications of Computer Graphics

i. Display of information - To produce different kinds and types of
data 2D, 3D Graphics. A graphic tools are used for reporting complex
data.

2. Design - Computer-Aided Design for mechanical engineering
architectural systems animations and presentation graphics are used to
produce different kinds of data.

3. Entertainment - It is an interface through which a user can have
- information.



4.  Simulation - Photorealistic methods, morphing and animations are very
useful in commercial art. For films and video monitor, 24 frames per
second and 30 frames per second are required respectively.

A Bty
Graphic Web
: .
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Coye -
D A o
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Figure 1.1: Applications of Computer Graphics 12!
Graphics Hardware

The graphics hardware is responsible for running computer games and recording
video data, so the load on the CPU does not increase.

Graphics Processing Unit: GPU is a specialized CPU designed for executing
video-related mechanisms, ' - :

Video Memory: Video memory is comparatively expensive then Computer
memory and it is design to run faster to meet the requirements of the graphics.
core. There are different kinds of video memory available like DDR2 , GDDR2
and even GDDR3.

Integrated and Dedicated Graphics: The major difference between integrated
and dedicated graphics lies on the location where Graphics Processing Unit is
located and, the GPU has an access to its own video memory.

1.4 INPUT AND OUTPUT DEVICES

Input devices are used to feed data in the computer and convert them into
a machine language which a computer can understand and use for the human

purposes

- Output devices produced the outcome of the processing data given to the
machine and convert them into a human usable / readable forms.

Keyboards: keyboard is an input device primarily used to enter data into the
system . Non graphic data such as image labels associated with the graphic
display are inputted into the system by this device. Some efficient features are
also provided like to enter screen coordinates, graphic functions etc.




Gcﬂeral purpose keyboards have some common features like function
and cursor control keys. _ : .

Touch Panel : A touch panel is an equipment through which users can directly
interact with the computer system by touching it. A touch panel is basically used
‘when the options are represented in graphical manner like graphical icons and
we have to select or make choices among them and in it the input can be given
using optical, electrical pointing devices.

of the 1oUch screseh drn
the light detectors
interpret the signal
drop as 2 touch event,

Figl.2 Touch panel device

Optical touch panels use a line of infrared light emitting diodes for one
horizontal edge and one vertical edge of the frame, Light detectors placed at
opposite edges are used to check which beam are interrupted when the panel is
touched and the beams which are crossed are interrupted and at that particular
screen position, horizontal and vertical coordinates are identified and screen
position is selected. i '

Light Pen : A light pen is a light sensitive input device basically designed. to
make selection among various things- for example selecting text, drawing
pictures and user intcraction with the computer screen. It functions good with
CRT monitors because of the scanning pattern i.¢. one pixel at a time as it can
keep track of the scan time by the electron beam and check the pens position
based on the latest time stamp of the scanning.

Fig.1.3 Light Pen Input device



Graphics Tablet: A graphics tablet (also called a digitizer, digital drawing
tablet, pen tablet, drawing tablet, drawing pad, or digital art board) is a
computer input device that enables a user to hand-draw images, graphics, and
animations with a special pen-ike stylus.

Fig. 1.4 network security pdlicies

Plotters: Plotter is a computer output device and a vector graphical printer that
provide hard copy of the output data which is given to the system in the form of
instructions. It is used in various purposes like to print design of things such as
ships, cars and buildings on a piece of paper with a pen, the major difference
between plotters and printer is that the plotters are more precise and used in -
engineering where precision plays a very important role and also they are more
costlier than printers .

inkjet plottar

_Fig. 1.5 Types of Plotters



Film Recorders: A film recorder is a device which creates a 35mm slide or are
films negative from a digital file. Tt works by recreating an image on a CRT
which is already present in the Recorder Previous film recorder connected two
computers by plugging in a controller board cable to the recorder -

Fig.1.6 Film Recorder

1.5 DISPLAY DEVICES

The display device is a term used to describe the device used to view
images or text. The picture is an example of a flat-panel display and the most
common display used with computers today. The video monitor in a graphical
system is the primary output device. Cathode Ray Tube (CRT) is the main part
of the video monitor.

1.5.1 VIDEO DISPLAY DEVICES

Cathode-Ray Tubes (CRT) - still the most common video display device
presently . '

_ Verticat
Focusing .
Svatgm

¢ K Elgctron

Connector  Elegtrin Horizontal Bearn

Pins Gun Defiection
' Flates

Fig 1.6 Eléctmstatic.deﬂection of the electron beam in a CRT

10



A beam of electrons is emitted by an electron gun, which hits on *he phosphor-
coated screen passing through focusing and deflection systeins. Resolution is
termed as the total number of points portrayed on a CRT. Difterent coloured
light spots were emitted by Different phosphors, combined to get a range of
colours. Shadow-mask method is the common techniques for colour CRT
display.

4 Mapnitia,
4 Phasphor Tiat-
1 Triangle

Fig.1.7 lllustration of a shadow-mask CRT

The phosphor, emits the light which fades very fastly , so the need for redrawing

the picture occurs in a repeated manner. Two different mechanisms of redrawing are
as: Raster-Scan and Random-Scan. ' '

Raster Scan: In this technique, the electron beam is struck across the screen from

top to bottom and one row. When it passes across the row, the intensity of the beam
is turned on and off through to create the pattern of illuminated spots. This process
of scanning is termed as refreshing, and when the complete scanning of a screen is

done, the screen is called a frame.

The refreshing rate of a frame is termed as the frame rate, which is 60 to 80
frames per second. The Frame buffer is a memory area where the picture is
stored. All the intensity values for coordinates or screen points are stored in this
frame buffer, and this screen point is termed as a pixel (picture element).

Intensity of pixel defines the 1 (on)and 0 (off)on the black and white systems.

On color systems,..bitmép is where the frame buffer stores the values of the
pixels.

Pixmap is the each entry of 1 bit data of the pixel in a bitmap and color of the
pixel are represented by the no. of bits occupied by an entry in the pixmap. For
example - To display colours , the number of bits to represent cach entry is 24
means 8 bits per red/green/blue channel and every channel we require 2%=256
levels of intensity valués. Intensity values of the screen coordinates are stored in
this memory area and refresh buffer is used to retrieve the stored intensity values
and accordingly painted one row (scan line) at a time on the screen as shown in
the following fig.1.8 Cited below-

11



L

Fig 1.8 Raster Scan System

Random Scan: In this scanning technique, the part of the screen is focussed
rather than scanning from left to right and top to bottom as in raster scan by
the electron beam :

it o

Fig 1.9 Random Scan Systems

It is also termed as vector display. In refresh display file pictures arc
stored as a set of line-drawing commands. To display a picture each component
line is drawn using the commands given by the system cycles.

Direct-View Storage Tubes

A direct-view storage tube {DVST) in this picture information is stored
in the form of charge distribution behind the phosphor coated screen. It has two
electron guns are used - primary gun stores the picture pattern, the other is the
flood gun which displays the picture. Compared to refresh CRT, DVST monitor
also has advantages as well as disadvantages as it does not require refresh so it is
very easy to view Complex images at high resolutions without flickering which
makes it beneficial. :

Disadvantages of DVST systems are that they normally do not display
colors and that only specific selected part of a picture cannot be erased. To erase
a section in a picture, the whole screen is erased and the modified picture is
redrawn,

12



o .Fig.l.lo Direct view storage tubes

Fla__nt—Pa_nel' DiSplﬁyﬁ

The flat-panel display refers to the video devices that represented in-
reduced form in terms of requirements as comparison to the CRT. A major
feature of these displays is that they are much slimmer than CRT. F lat-pane!
displays can be specified into two categories: emissive displays and non-
emissive displays. _ -

In the emissive display devices, the conversion of electrical energy info
light is done. Some examples of emissive displays are Plasma panels, thin-film
electrolumincscent displays, and Light-emitting diodes. Non-emissive displays
optical effects are used to convert sunlight or other light from one or the other
sources into a graphical pattern. The liquid-crystal device is the most important
example of non-emissive displays. ' '

Einissive Displays
>  Plasma Panel

It is a computer monitor display in which tiny bit of plasma is used to illuminate
cach pixel on the screen. o

Fig 1.11 Schematic of Plasma panel

Plasma displays are much thinner in compa:isoh to CRT displays and much
brighter when compared to LCD. Plasma displays are also referred as "thin-
panel” display and are used to display either analog or digital video signals.

Non-Emissive Display

13



%  LCD Panel

L.CD (liquid crystal display) is the display technology used in notebook
and Computers which are smaller in size. It allows thinner displays as compared
to cathode ray tube (CRT) technology. LCDs work on the technique in which
light is blocked rather than emitting it. Consequently it requires less power than
LED.

" The working principle of LCDs is similar to that of raster dispiay on a
refresh CRT, as described earlier. Here the LCD cells replace the pixels. These
LCD ‘cells are installed in the matrix form with a number of vertical and
horizontal electrodes which requires the necessary driving voltage from the
crystal cells. Thus the electrified crystal cells would change optical properties
which would control the amount of light to be passed through these cells. An
image will be created on the screen and viewed by the user. Schematic line
diagram of arrangement of the LCD panel is shown in figure below.

. Praloslmivier Place

elxgurbel Coemrastmise -
— EEalpges Twsrnarn whasbrswgy

: . - B R o Lo
: IRl osok o Ei e e &

Fig, 1.12 Schematic of LCD

1.6 SUMMARY

In the above unit, we had surveyed the fundamentals -of computer
graphics, which fall under several categories like image analysis and the
significarit hardware and software features of computer graphics and systems.
Hardware features include video monitors, hard-copy devices, keyboards, and
other input-output devices use for graphics. The refreshing video -devices like
Raster and Random scan systems are explained. Raster refresh monitors are the
necessary graphics display devices. The. frame buffer is used to store intensity
information for the position of each pixel.

Other video display devices, In particular, flat-pane! display technology is
on the stage at a fast rate, and these display devices may replace raster displays in
the coming days/ or future. In the present scenario, flat-panel screens are mostly
used in smaller computers. Some examples of this technology are plasma panels
and liquid-crystal devices. : '

Hard-copy devices for workstations in graphics are printers and plotters.
Printing techniques include dot matrix, laser, ink-jet, etc. Plotter methods involve

14



pen plotting and amalgamation of printer-plotter devices. Graphics software can
also be categorized as applications packages or programming packages
Applications based graphics software are CAD packages, drawing and painting
programs, graphing packages, and visualization programs. Programming packages
in computer graphics are PHIGS, PHIGS+, GKS, etc. :

1.7

TECHNICAL QUESTIONS

| 5

10.

11.
12.

13,

Ilustrate the operating characteristics for the given display technologies:
raster refresh systems, vector refresh Systems?

Let a RGB raster scan system is to be designed using an 8 x10-inch
screen, given resolution of 100 pixels per inch in every direction. If bits
per pixel are to be stored in frame buffer, what amount of storage in bytes
is required for the frame buffer?

How long would it take to load a 640 by 480 frame buffer with 12 bits per

pixel and 10° bits can be transferred per second? How long it take to load
a 24-bit per pixel frame buffer with a resolution of 1280 by 1024 using
this frame transfer rate? :

Suppose there are two raster systems with resolutions of 640 x 480 and
1280 x 1024. How many pixels could be accessed per second in each of
the given systems by a video display controller whose refresh rate is 60
frames per second? Calculate the access time per pixel in each given
system? ' Lo : '

Consider a video monitor that measures 12 x 9.6 inches with the
resolution of 1280 x 1024 and the aspect ratio is 1, calculate the diameter
of each screen point? :

A non-interlaced raster monitor with a resolution of a x b , a frame rate of
S frames per second, a horizontal retrace time of Thos and wvertical retrace
time of Tver. Calculate the fraction of the total refresh time per frame spent
in retrace of the electron beam?

Determine the resotution defined in pixels per cm, in the x and y directions
for the display monitor on the system.

-Illustrate the functioning of CRT and shadow masking techniques?

Mlustrate the advantages and disadvantages of a three-dimensional video
monitor using a varifocal mirror with a stereoscopic system?

List the different Input and output components that are typically used with
virtual reality systems. Also explain how users interact with a virtual scene
displayed with different output devices, such as two-dimensional and
stereoscopic monitors. '

Ilustrate the usage of large-screen displays.

Dif_ferentiate_ between a general computer graphics system designed for a
programmer and other designed for some specitfic application like some
architectural design? x

Which of the following contained in computer graphjc system?

15



14.

i5.

16.

17.

18.
19.
21.
22.

~ay  Processor
'b)  Frame Buffer

o) -Disp__lay Device

d)  All of the above
Which of the following are the propernes of the v1deo dlsplay dev:lce‘f’

a) Persistence

b) Resolution

¢)  Aspect Ratio |
d)y All of the above -

Which of the following are the advantages of view storage tubes"
a)  Refreshing is not necessarily

b) Without flicker, very complex images can be exlnblt at very high
resolution

c) Refreshing of the screen is not needed Refreshing of the screen is
not needed

d) - All of the above

Which of the following are characteristic of vector graphics?

a)  Vector graphics are consisting of paths _
b)  Vector image do retain appearance regardless of estimate
¢)  Vector images are scalable '
d)  All of the above

Which of the following are characteristic of parallel projections?

a) Coordinate positions are changed to the view plane along parallel
lines :

b} Preserves the related proportions of objects
¢) Itisusedin draftmg to produce scale drawings of 3Dob_|ects
d) Allofthe above

What is Aspect Ratio?

What are the differences between vector and raster graphics?

. What are the essential applications of computer-graphic?

What are the different kinds of display devices?

What are the differences between emissive and non-emissive display?

16



UNIT-2 GRAPHICS PRIMITIVES

Structure :
2.1  Introduction
2.2 Objectives |
23 Points and lines
2.4 Line Drawing Algorithms

2.4.1 DDA Algorithm

2.4.2 Bresenham’s Line Algorithm
2.5  Circle-generating Algorithms

2.5.1 Properties of circles

2.5.2 Midpoint circle of Algorithm |
26 Polygon Filling Algorithm

- 2.6.1 Scan line algorithm

2.7 Summary
2.8 Technical Quéstions

2.1 INTRODUCTION

There are many techniques for drawing and filling c_ifany picture. The line
drawing algorithms are used for approximate the line segment.

For drawing the rectangular shape on the display such that the
illumination is on the border for generating circle. For filling the object on the
display device, the polygon filling technique is used such that it picks a point
inside the object and starts to fill until it hits the desired boundary, we can even
draw the boundary and the colour inside it with the different colour.

Pixel array is useful for describing internally the shapes and colour of the
objects, there are three channels for generating as well as filling the image with
the different colours. We continue the discussion on generating as well .as the
filling of the objects using the computation.

Point

A Point has position in space. The characteristics of the point 1s that the
point has the exact place or the location on the plane.

Line

17



A line is the geometrical 1D figure which has the property of zero thickn_e_s_g. and
can be extended in both the direction to infinite length. It is the basic elefnent of
the coordinate geometry.

2.2 OBJECTIVES

After the end of this unit, you should be able to undersiand:

$  The basics of Line Drawing Algorithms which will be very helpful in
edge detection. R :

»  Circle Drawing Algorithms
»  Polygon Filling Algorithm.

2.3 POINTS AND LINES

Point plotting is the technique in the computer graphics whick needs just
two points or depending on the application more than two points on the
coordinate system. It is the process of taking the position of the point in the one
coordinate system and then transform it- using the application program that
performs operations on the point and make it in the way so that it make some
sense for the output device. ' : .

If we take random scan as an example system stores in the display list the
useful and appropriate point plotting instructions and the deflection voltage has
been converted from the instructions which are in the coordinate values and thien
these instructions allows them to plot on the screen locations using the electron
beam on every refresh cycle.

If we take the raster scan as an example system point plotting is done on
the basis of setting the value of the bits corresponding to a specific screen position
‘and make that Bit to 1 in the specified frame buffer. So, it works on the principle
such that whenever it encounters a bit value 1 it emits the burst of electron beam
across the horizontal line. -

Line drawing in the computer graphics is used to plot using the
intermediate positions by the use of two points in the coordinate system along the’
path in which points known as the-endpoints. The devices which comes under the
analog device for e.g., vector pen or random-scan display, straight line can be
drawn easily from one extreme point to the other extreme point. '

For the algorithms defined as discussed in this chapter, there are some
device-level algorithms in which the position of the object is there in the integer
device coordinates. For the algorithms to work pixel positions are referenced
includes preventing the data from being accessed by unapproved sources,
shielding it from modification or harm and Deploying or Channclizing '
mechanisms to recover data from data losses and breaches.

18



setfixel (x, y)

Figure 2.1 Stairstep effect

Y 1

C 1 2 3 4. 8 Pixe! Colgmn
Number

'Figure 2.2 Pixel Positions referenced by scan-line

Pixel positions are referenced using the ablhty to retrieve the current
frame buffer-intensity by setting this up for a specific. locanon There is a low-
level function for it which help to accomplish. :

getpixel (x,y)

2.4 LINE DRAWING ALGORITHMS

Line-Drawing Algorithms

The equation of the line on the cartesian coordinate system or the equation
for the s}ope -intercept is :

y=m.x+b (3.1)
Where m = slope of the line

19



b = intercept of the line.

So if we have the two points on the extreme of the line segment which are coined
as (x1,y1) and (x2,y2) as we show that line using the points which can be shown
in the figure below. .

We find out the values of thé'slope and the intercept m and b respectively using
the below equations: SEACh :

_ Yz=nN : _
M= e (3.2)
b=y;—m.xy (.3)

The algorithms for finding out or to display the lines in the coordinate
system are in the equation 3.1 and the appropriate calculations are in the equations
respectively in the equation 3.2 ad 3.3

 For the given coordinates the difference between the points or we can say
the interval between the x coordinate between the points along a line the
corresponding Ay can be fine out: ' : _

Ay = m Ax (3.4)

Figure 2.3 Line path between endpoint

In the same way we can calculate for the x using the interval of y
coordinates in the below equation:

Ax = Ay/m (3.5)

These equations are the basic form for finding out the different
voltages in the analog devices. - _ = _

So the idea is whenever the magnitude of the slope of the line is < 1 then it
can coined as the small proportional to the deflection voltage and the respective
deflection in the y direction is the Ay. '

For the lines which are having the siope with the magnitude >1, Ay is set 1o
be proportional to the Ax with the small vertical deflection as per the values of the
points in the coordinates system. :

20



The system which are associated with the raster scan, lines are plotted
with the help of the specific pixels. Pixel separation defines the appropriate step
sizes in the vertical as well as the horizontal directions, _

So in the below figure we-define the scan process for the lines whose target points
are associated with x1-and x2. :

¥ %
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Figure 2.4 Segment with five samples.
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In computer graphics line is a terminology which connect two points, so
the concept strengthens with the help of the following three algorithms,

2.4.1 DDA ALGORITHM

The digital differential analyser which generally known as DDA line
algorithm, which uses the concept of scan-conversion which calculate either the
Ax or the Ay. The algorithm works in a way such that the unit intervals are plotted
on the sample line in the one coordinate and determine respective integer point
values nearest the five positions along the path for the other coordinates.

Now on taking the first line with the positive §Idpe, we calculate the
successive y values based on the sampling at the unit x intervals which is like
interval for x is 1 in case the slope < 1. o
| Yeu=yptm G

- The subscript that defines with the coordinate points p takes integer values
starting from 1, o .

It works like for the first point it increases by ! and keep on increase the
value such that the final endpoint reaches, As we know that the value of slope can.
be anywhere in between the 0 and 1. - -

Now if we take or we calculate the slope of the line is greater than 1. Then |
we can calculate the succeeding x values with the help of the y interval, we keep
on increase by 1 till the endpoint. ) . : : -

Xp+1=Xp+ 1/m | - 6n

So the assumptions are that the line should be processed from the ieft to
| the right extreme point and these assumptions are made in the equation 3.6 and
' 3.7, and in case we want to change the direction of processing from the right to
the left then the interval of x is taken as -1. ‘ '

21
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< Xt

| Fig 2.5 Scan converting line
“Ypr1=yp—m S (3.8) -
Same applies to the x coordinate as when the slope is greater than 1.
 xe=xe-Um | (3.9)

The equations from 3.6 to 3.9 calculate the pixel positions even for the
negative slope along the line which gives the fruitful result. So the x interval is 1
in case the start point is at the left and the slope is less than 1 same applies to in
case the start point is from the right then we set AX = -1 same applies to the y
interval. - ' : ' _

The algorithm steps are below and the procedure of the algorithm can be
summarized as that the algorithm need the two endpoints as an input in the form

of pixel positions. The differences between the x and the y exiremes are define as
the dx and the dy as the parameter to the equation.

At start we have to determine the offset to generate the next coordinate
pixel position and then we compare according to if magnitude of difference of x is
greater than the difference of y then the other is set to 1. '

Digital Differential Analyzer (DDA) algorithm is the simple line
generation algorithm which is explained step by step here.

22



- e
Get the input of the two endpoints (x0,y0) and (x1.y1).

Calculate the difference between the two endpoints.

Based on the calculated difference we identify the steps to pixel

Calculate the incroment in x and the y coordinate

Put the pixel by succesively incrementing x and y coordinste

2.4.2 BRESENHAM'’S LINE ALGORITHM

This algorithm is there to find the close approximation between the two
points for the straight Line and it also determines the n dimensional raster for the
line. This is the algorithm which is the efficient algorithm for finding raster ling
and has the ability to convert the line to the form which can be adaptcd to display.
- circles and other polygon or curves.

This algorithm is generally used for the scan conversion of the line. It only
uses the addition, subtraction and multiplication operations as these operations are
known as the fastest operation in the mathematics it can be used to generate the
lines very quickly. It allows only the integer values.

! 4 !
13 Specifisd | N,
R R

u T ,m.::*
hod R, |
ot . =
vl o | ) €% ] o1 | 52 | 83 |

"0 " ”2 3 -

Figure 2.6 Section of a display
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The accumulation of the different sampling of the x intervals involves the
rounding off the error in successive addition of the floating-point increment. The
scan line positions are defined by the vertical axes, and the pixel columns are
identified by the horizontal axes. It allows the drift of pixel position.

Yo.»

.htl‘ | ¥y 14
i : S : ¥ 4
Vien #; _

Ve

My .'." Tt *.i-.j

~ Figure2.7 Showing pixel in a column
To define the Bresenham’s approach, we- first consider the scan-
conversion process for lines with positive slope less than 1. Pixel positions along
a line path are then determined by sampling at unit x intervals. The y coordinate
on the inathiernatical line at pixel column position xx+ is calculated as-

y=m(xkt+1)+b (3.10)
= m () +b— 3

and . :
&= (ye+1) -y
| S =nckl-metD-b
The diﬂ‘ereﬁce bétweeh .thesé. twﬁ écpamﬁons 18- .
diodr=2mxctl) = 2+ 2b—1 G.11)
m = Ay /Ax

where Ay and Ax are the vertica! and horizontal separations of the
endpoint positions, and defining: o . o

_ '-pk =Ax (di—d2)
= 2AY - Xk~ 24X - yu+ € o (3.12)

The sign of px is the same as the sign of di — d2 since Ax > 0 for our
example, Parameter ¢ is constant and has the value 2Ay + Ax(2b - 1), which is
independent of pixel position and will be eliminated in the recursive calculations
for px. At step k + 1, the decision parameter is evaluated from Eq. 3.12 as

P+l = 2Ay * Riri— 2AX c yra1 t ¢
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Subtracting Eq. 3-12 from the preceding equation, we have
Pictt —~ Pk= 24y (Xk+1 =~ Xk) — 2AX ( Y+l — Yi)
Butxk+1;=Xk+l sothat -
| Pt = Pt 24y — 2A% ( yieri - y¥) (.13).
where the term yx +1 - yx is either 0 or 1, the ﬁrsi parameter is defined using the
Ay/Ax; _
pe=2Ay — Ax (3.149)
Below is the procedure to draw the line using the Bresenham’s line drawing
algorihm with a positive slope less than 1. _

For m > 1, find out whether you need to increment x while thrcmcnting y each
time. After solving, the equation for decision parameter px will be very similar,
Just the x and y in the equation gets interchanged. _
There are the constants which are 2Ay ~ 2Ax and the 2Ax are define in the line

and are calculated for cach and every line to be converted as the arithmetic only
‘allows addition and the subtraction. '

N
Input the two end-points of the line , storing the left in (x0,y0)

plot the point (x0,y0)

Calculate the constants Ax, Ay, 2Ay to get the first decision par

perform at each xk py+1= py + 24y andnéxtpﬁ;=pk+ZAy—2ax

Repeat step 4 (AX) times

2.5 CIRCLE DRAWING ALGORITHMS

Circle Generating Algorithm

We need to choose the nearby pixels from a printed pixel which can then
form the arc and used to draw a circle. : :
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2.5.1 PROPERTIES OF-CIRCLE_S-

A circle is defined as the set of points that are all at a given distance r
from a center position (Xe, Ye,)- :

x—x P+ (y—yf =r

We could use this equation to calculate the corresponding y values -at each
position as ; : :

y=y % r2 + (x, — x%) : . | . (3.15)

Figure 3.9 shows the circle with the coordinates (xc, yc) and then the radius of
the cirole which defines the circle and in the figure 3.10 the spacing between the

plotted pixel position is not uniform. We could even adjust the spacing by

intérchanging x and the y coordinate for the absolute value. o

Vet

)
-I'.

Figure 2.8 Circle with center coordinates (X¢, Yc) and radius r and the positive
half of the circle plotied with Eq.3.15 ' :

X = X, +71 coscos 8
y=y. +r sinsin€ " _ (3.16)
y _ S
=y.x} § Ly x)

¥

I~ x, - ¥\

=y~ |y, =x)

Fig. 2.9 Symmetry of a circle: calculation of circle points (x, y) in one octant
" yields the points to other seven octants. '
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2.5.2 MID-POINT CIRCLE DRAWING ALGORITHM

To apply the midpoint method, we define a circle function:

Fx,¥) = x% + y?2 —r2 o - @Ban.
<0if(x, y):smsndethecmqleboundary
fix,y) -Oof(x y)1sonthccudeboundary o (3:18)

>0if (x yis out51de the circle boundary

x, ._ ,“ ',&_,; 2

Fig.2.10 Mldpomt between the two candadate plxels at samplmg posmon (Xk
+1) .

We can sunimarize the steps in the midpoint circle algorithm as follows:

Input radius r and circle center (% ,y.) and (xo, yo) = (0, r)

I

Calculate the initial vaiue of decision parameter as po = 5/4 -1

Atemhxl;positimstanmgatk:é,pk-i-l=pk+{2xk+l-) +1

Determine the symmetry points in other seven cetants

Repeat step-3 through 5 until x>=-y :

4
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2.6 POLYGON FILLING ALGORITHM

2.6.1 SCAN LINE

It is the algorithm which allows the filling of the polygons using the
horizontal lines or in technical term scan line. The concept is that the pixel
- which falls on the border of the polygon are determined in order to ¢olor.

This algorithm works by intersecting a scankine with polygon edges and fills

the polygon between pairs of intersections. The following steps depict how this
algorithm works. . S

Find oit the Yoss and Ya from the given polygon

Naine each intersection point of the polygon from Y 10 Yauax

Sort the intersection point in the increasing order of X

Fill all those pairs of coordinates that ate inside polygons

repeat step 3 untill the polygon fils

+.

37 SUMMARY

The graphic primitives discussed in this chapter provide the basic tools for
‘constructing pictures with straight lines, curves, filled areas, patterns, and text.
Examples of pietures generated with these primitives are given in Figs. 3-5 and 3-
5.

Three methods that can be used to plot pixel positions along a straight-line
path are the DDA algorithm, Bresenham's algorithm, and the midpoint method.
For straight lines, Bresenham's algorithm and the midpoint method are identical
and are the most efficient Frame-buffer. - '
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The scan-line fill algorithm is an example of filling object interiors using
the odd-even rule to locate the interior regions. Other methods for defining object
interiors are also useful, particularly with unusual, self-intersecting objects,

_ No_té_i Kindly give a working example of DDA Algoﬁfhm, ‘Bresenham’s
~ Algorithm and other algorithms for the better understanding of the'studerit,

2.8 TECHNICAL QUESTIONS

1. Explain—scan-line-ﬁll-algorithm—with—an-example?

2. Tilustrate the loopholes of DDA line Algorithm and measures taken to
overcame the problem? ' : _

3. Implement DDA to draw a line from (3, 4) to (7, 6)?

4. Draw a circle having radius as 9 and center of circle (90, 90) using the
midpoint circle algo. ‘

5. Implement the set pixel routine in Bresenham's line algorithm,
6. Which are line drawing algorithms?
a) DDA Algorithm
b}  Bresenham’s Algortithm
¢}  All of the above ]
d) None of the above _
7. What are the special case of polygon vertices? _
a)  Ifboth lines intersccting at the vertex are on same side of scanline.

b') If the lines intersecting at the vertex are on opposite side of
scanline,

c) All of the above.
d) None of the above.
8. What are the properties of circle?
a)  Circle having equal radii are congruent.
b)  Circle having different radii are similar.
¢} Chords are equidistant from the centre are equal in length.
d) Al of the above. “

9. Bresenham’s Algorithm seeks (o sclect the optimui raster locations that
represent a;

a)  Straight line

b)  Curve line
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c) Poiygon
d) None of these :

10. In Bresenham’s circle algorithm, if points are generated from 900 to 450
and (x,y) are the Coordinate of last scan converted pixel then the next
pixel coordinate is '

a) (etly+Dor(x-1y-1)
b) (x+Lyer(xytl)
&) Gry+DorxtLy-1)
d) (x+i,y)or(x+1,y-1)
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UNIT-3 2-D VIEWING AND CLIPPING

Structure:

31 Introduction :

3.2 Objectives

3.3 - Point Clipping
34 Line Clipping

3.5 Polygon Clipping
3.6 Summary v
3.7 Technical Questions

3.1 INTRODUCTION

.Clipping is a computer graphics process which removes the objects
lmes or segments of line, which are outside of the viewing pane. :

We use clipping in computer graphics pnmanly to remove lines, ob]ects
or segments of line that are outside of the viewing pane. It is necessary 1o
remove those points which are behind the viewer before getting the view
because the wewmg transformation is insensitive to the position of points with
respect to the viewing volume.

‘When we want to show a large portion of a picture, then not only
translation and scaling is necessary, but also the visible part of the picture is-
identified. The process of identifying is not easy. There are some parts of the
image which are inside, while other parts are partially inside. The elements or
lines that are partially visible will get omitted.

A process called clipping-is used to decide the visible and invisible
portion. Each element into the invisible and visible portion is determined by
clipping. The visible portion gets selected and the invisible portion gets
discarded.

There are three types of lines:

1. Visible: The lines which are entirely inside the window are considered as
visible.

2. Invisible: The lines which are entircly outside the window are -
considered as invisible.

3. Clipbed: The lines which are partiaily outside the window and partially
inside is clipped. For clipping, we need to determine the intersection -
point of a line with the window.
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We canapply the clipping through software as well as hardware. In some
computers, hardware devices do clipping automatically. If hardware clipping is
not available in the system then we use software clipping. '

| Fig3.1
Three Kinds of Clipping are:
I. Point Clipping.
2. .Line Clipping.
3. Polygon Clipping.

32 OBJECTIVES

By the end of this unit, we will understand: .
>  The basics of Line Clipping, point clipping and algorithins related to it.
»  Polygon Clipping and algorithms related to it.
»  Windowing algorithms. '

3.3 POINT CLIPPING

>  |Point Clipping
It is used to determining, whether the point is inside the window or not. |
For this following conditions are checked. ' |
I x= xmax |
2. x>xmin
3. y<ymax
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Fig. 3.2
Get the corner coordinates of both viewing plane.

2. Get the point coordinates.

3. Check whether the point lies between four comer coordinates of viewing
pane.

4. Ifitlies inside the region, then display the point otherwise discard it

3.4 LINE CLIPPING

»  Line Clipping

It is same as point clipping. We cut the portion of the line that lies outside of the
viewing window and keep the portion which lies inside the window.

> Cohen-Sutherland Line Clippings
Stepl: Calculate positions of both endpoints of the line.
Step2: Perform OR operation on both of thcse end-points.
Step3: If the OR operation gives 0000 .
Line is considered to be visible
clse _ ' .
- Perform AND operation on both endpoints
If And # 0000
The line is invisible
else
And=0000 _

Line is considered the clipped case.
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Stepd: If a line is clipped case, find an intersection with boundaries of the

window. __ :
w2yl J2-1) o |
1. Ifbit1is "1" line intersects with left boundasy of rectangle window.
. y3=yl+m(x-X1)

. Xwmin is the minimum value of X co-ordinate of window
2. Ifbit 2 is "1" line intersects with right boundary.
| y3=y1+m(X-X1)
Where X = Xwmax
X more is maximum value of X co-ordinate of the
window )
3. Ifbit3 is 1" line intersects with bottom boundary.
X3=X1+(y-yl)/m
Where y = ywmin
ywmin is the minimum value of Y co-ordinate of the
window . : S - o
4. Ifbit 4 is "1" line intersects with the top boundary
X3=X1+(y-yl)/m
Where y = ywimax
- ywmax is the maximum value of Y co-ordinate of the window. -
These are the possible cases for a given line: | '

1. Inside the given rectangle completely: If bitwise OR of region of two’
~ end points of line is  then both points-are inside the rectangle. - -

2.  Outside the given rectangle completely: If both the end iJOintS share at
Jcast one outside region, then the line does not cross the visible region.
(bitwise AND of endpoints != 0). o

3. Inside the window partially: Both the end points arc in different
regions. In this case, the algorithm finds only one of the two points is
outside the rectangular region. The point of intersection of the line and
the boundary of the window becomes new comer point and the algorithm
repeats.
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Completely
Outside
X_axy_min
figds
> Cyrus-Beck Line-Clipping Algorithm .

It is a line clipping a!gonthm that is made for convex polygons.

It is also used-for line chppmg of non- rectangular wmdows unlike
Cohen Sutherland or Nicholl Le Nicholl. Repeaxed chppmg is also removed
that is needed in Cohen Sutherland.

Step1: Normal for each edge is calcu[ated
Step2: Clipping line vector is calcilated.

Step3: Dot product between the normal of the edge and the difference
between one selected endpoint of one vertex per edge of the chppmg hne is -
calculated for all edges. T S e e :

Step4: Dot product between the normal of edge for all edges and the vector of
the clipping line is calculated.

Step5: Then we divide the former dot product by the latter dof product and
multiplied by -1. This. is “t’. .

Step6: The values of “t are classified as exiting or entermg (from all the
edges) by observing their denominators (latter dot product).

Step7: To calculate the coordinates, one value of “t’ is chosen and put mto the
‘parametric form of a line, from each group.

Step8: If the entermg ‘t’ value is greater than the exiting ‘_t’_ Qalue_, then th_e.
clipping line is rejected. _ .

Cases:
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1. Case 1: The line is partially inside the clipping window.
0 <tE<tL< 1}
wheretE _is 't' value for entering ing intetsectl__ _ on point
tL is 't value for exiting intersection point |
2. Case 2: The line has one point inside or both sides inside the window or
the intersection points are on the end points of the line.
0<tE<tL<1
3. Case 3: The line is completely outside the window.
tL<tE
Intersection points
. coincide with end points
——— - partiatly inside
Fig 3.4
3.5 POLYGON CLIPPING
>  Polygon Clipping

Removal of part of an object outside a polygon
Clipping a polygon can result in several disjoint polygons.
A clipping algorithm for polygon must deal with different cases. The

case is particularly note worthy in that we separate the concave polygon by
clipping it into two polygons. The task of clipping is very complex. We must test
~ cach edge of the polygon against each edge of the clip rectangle; we must add
new edges, and discard, retain, or divide the existing edge. A single polygon can
be clipped into multiple polygons. We need an organized way to deal with all
these cases. -

>

Sutherland-Hodgeman Polygon Clipping
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It is done by processing the boundary of polygon against each window

edge or corner.

First step is that the entire polygons is clipped against first edge, then resulting
pelygon is considered against the second edge, so on for all four edges

Four possible conditions while processing

1.

If the first vertex is inside the window, the second vertex is outside the
window then the first vertex is added to output list. The pomt of
intersection of polygon side (edge) and the window boundary is also
added to the output list.

If both vertices are inside the boundary of window then only second
vertex is added to the output list.

If the one vertex is inside the boundary window and the other is outside
the window then the edge which. intersects w1th the window is added to
output list. _

If both vertices -are the outside the boundary window, then both are
dlscarded -

There are two sub-pmblems that need to be discussed before nnplementmg the:
1. " To decide whether a pomt lies inside or outside the clipper polygon:

>

If the vertices of the clipper polygon are given in clockwise order then all
the points lying on the right side of the clipper edges are inside that
polygon. This can be calculated using: :

G,__iven that the Jine starts from (x,, v:) and'ends at (x, y2)
P=(xa~ Xy~ i) ~ (v2 - y{x— 5

if P<D, the point is an the right side of the line
P=0, the point is on the line
.. P>0, the point is on the left side of the fine

~

t

" To find the point of intersection of an edge. with the clip boundary:

If two points of each line(1,2 & 3,4) are known then their point of
mtersectlon can be calculated using the formula: o

(138 — 122)(2s ~ 24) ~ (21 ~ 22 )(wspa ~ py2a)
(2 — 22 )(as — 92) ~ (0 — )2y - =)
(®s3n — =)o —we) ~ (m‘m)(ém-m))

(%1 - n)(n w)-(n nl(as m)

BB = (

r

Wmdowmg Transformation e

The process of selecting and enlarging a port:lon of a drawmg is known'

38 windowing. The mapping of a coordinate’ seene to device coordmates is
nown as a Wmdowmg transformation etc.
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Transformations are applied 1o objects to transform from one coordinate system
to ‘another coordinate system or within the same coordinate system. In Figure
3.5, a view of the different transformation phases in OpenGL, is shown. In
modelling coordinates; an object is transformed to world coordinates, also called
as object coordinates. In world coordinates, another system of coordinates is
defined which is known as the viewing coordinates, and is based on the concept
of synthetic camera. A camera position and orientation in the world is defined by
these coordinates. Then we compute the coordinates of objects in the viewing
coordinate system from world coordinate system. This can be done using the
Model View transformation stage in OpenGL '

Windowing is a process which transforms the co-ordinates from one space to
another. It is used when we need to scale and transform the view of a program.
For example: when an image is zoomed in, the data of the original image is

U'ansformed to fill the screen. This is done through the window.

In early computer graphics, the instructions were only based on screcn But now
a days computer graphics instructions work in different domains such as world
domains and modelling. ' o '

It is done in several steps:
Stepl: The scene is constructed in world coordinate using the attributes and
output primitives.. - ' S
Step2: ‘For some particular orientation, we need to set up a 2-dimensional

system of viewing coordinate in the window coordinate plane and then we
define a window in this viewing system.- :

Step3: When the frame of viewing is established, then we transform the
description in world coordinates to viewing coordinates.

Stepd: Viewport is defined in normalized coordinates (ranging from 0 to 1) so
the description of the scene in viewing coordinate system is mapped to
normalized coordinates. '

Step5: As a final step all parts of the picture that are outside the viewport are
cipped, and the content is transferred to the device coordinates.

Window to Viewport Transformation :

It is the process of transforming a 2-dimensional world-coordinate object
to device coordinates. The objects that are inside the clipping window are mapped
to the viewport. Viewport is the area on the screen where those world coordinates
are mapped which we need to display. - '

A Viewport is a sectiori of the screen where the image in the window of the
world coordinate system will be drawn. We need a coordinate transformation to
display the image in the viewport, which is in the window. In the viewport, the
screen coordinate system is used so we need to transformation the world
coordinate system to the screen coordinate system.

When we place.2 window on the world, we can see only some certain
objects and the parts of objects. The points and lines that lie outside the selected
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window are cut from the view. The process of cutting the outside points or lines is
known as Clipping. In clipping, we have to examine each and every line to
determine if it lies completely inside the selected window, completely outside the
selected window, or crosses the boundary of the window. If the line is inside the
window, it is displayed. If the line is outside the selected window, the lines and
points are discarded. If the line crosses a boundary, then we have to determine the
pomt of intersection and we only display the part that is inside the window.
Terminology: ' :

»>  World coordinate: It is the Cartesian coordinate w.r.t which we define

* the diagram, like Xwmin, Xwmax, Ywmin, Ywmax. :
»  Device Coordinaite___:l_t_ is the screen coordinate where the objects is to be
> . ViewPert :lt is the area o the device coordinate where graphics is to be

A SRVAVA
7 v o 1 -

Ym -

Y —

} : '

| : Kumin Homax

Xemin Kwmax o _

- _ Device Co-ordinate.
World Co-ordnate _ '
" Fig 3.5

Basically, the window is an area in object space. It encloses the object.
After the user selects this, space is mapped on the whole area of fthe viewport.
Almost all 2D and 3D graphics packages provide means of defining viewport size
on the screen. It is possible to determine many viewports on different areas of
display and view the same object in a different angle in each viewport,

The size of the window is (0, 0) coordinate which is a bottom-left corner
and toward right side until window encloses the desired area. Once the window is
defined data outside the window is clipped before representing fo screen
coordinates. This process rcduces the amount of data displaying signals.

 Yiewing transformation in several steps :

»  We first construct the scene in the world coordinate system using the
~ attributes and output primitives. - ' '
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In order to gét a particular orientation, we need to set up a 2-dimensional

' viewing coordinates system in the window coordinate plane and define a

window in that system.

Once we established the viewing frame, then we transform description in
world coordinates system to viewing coordinates system.

Viewport is defined in normalized coordinates (ranging from O to 1) so the
description of the scene in viewing coordinate system is mapped to

_normalized coordinates.

As a final step all parts of the pictui'e that are outside the viewport are
cipped, and the content is transferred to the device coordinates. '

| Fig 3.6

By changing viewport’s position: We can view the objects at different locations
on output device display area as shown in fig:3.7

Ys = 1+
X iﬂﬁl _ [ }I
Wortd Coordinates Normelized Davics Coordinates
seg:mmm.mudmmmmmwm¢mmmm
Fig 3.7
3.6 SUMMARY

In this unit we had covered different topics like point clipping , line

clipping , polygon clipping which contains different algorithms like Cyrus-Beck
Line Clipping Algorithm, ‘Cohen-Sutherland Line Clippings, for line clipping,
Sutherland-Hodgeman Polygon . Clipping for polygon clipping, then we had
defined the various window to viewport transformation. '
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We discussed different steps for view transformation, and then one
technique by changing the position of the viewport. This technique helps us to
find the four major parameters for the transformation which are world
coordinate, device coordinate, window and viewport.

3.7 TECHNICAL QUESTIONS
»  Derive expression for windows to view port transformations.
»  Explain the utility of Clipping algorithms with suitable cxample,
- » What do you mean by polygon clipping? Explain Sutherland _
Hodgeman Polygon clipping with an example.
»  Distinguish between panning and zooming.

L

‘What is the primary use of clipping in cb_mputcr graphics?

a) adding graphics

b) removing objects and lines
C) zZooming
d)  copying o
Which vertex of the polygon is clipped first in polygon clipping ?
a) top right

b). bottom right
c) bottom left

d) top left . .

In line clipping, the portion of line which is . of window is
cut and the portion thatis ___ the window is kept :

a) outside, inside ' |

b) inside, outside =

c) exact copy, different

d) different, an exact copy

Cohen Sutherland clipping algorithm computes number
of intersections than NLN line clipping : o

a) More
b) Less
c) Same

d) can’t be pfedicted

The area around the clipping window is divided into a number of
different :

a) Pixels
b) Squares
c) Areas
dy Lines
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0.

The region against which an object is to be clipped is called?
a) Clipping Window ' . '
b) Drawing Window

c) Image Window

d) Bothb & c

A process of changing the position of an object in a straight line
path from one coordinate location to another is called?

a) Translation
b} Rotation
c) Motion

d) Bothb & ¢

R. The rectangle portion of the interface window that defines where
the image will actually appear are called
a) View port -
b) Transformation viewing
c) Clipping window
d) Screen coordinate system
9. Coordinates of window are knows as :
a) Screen coordinates
b) ‘World coordinates
c) Device coordinates
d) Cartesian coordinates
10. Coordinates of viewport are known as
a) World coordinates -
b) Polar coordinates
c) Screen coordinates
d) Cartesian coordinates
‘Answers :
1. B
2. D
3. A
4, A
5. C
6. A
7. A
8. A
9. B
10. C
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UNIT-4 2D AND 3D TRANSFORMATION

Structure :

4.1 Introduction

4.2  Objective

4.3 Basic Transformation: Translation, Rotation, Scaling, Shear
4.4 Composite Transformation |

4.5 Homogeneous Coordinate system

4.6 3D Transformations

4.7 Summary
4.8 Technical Question

4.1 INTRODUCTION

Pixel is a basic clement of digital graphics. Pixels are combined to form a
complete image, video, text or any visible thing -on a computer display. 2D
Transformation means a change in either position or orientation or size or sha=e
of graphics objects like line, circle, arc, ellipse, rectangle, polygon, polylines ¢+ .
There are two specific types of transformations: modelling and view:r z
transformation. A modelling transformation is used to change the actual geome: v
of the object. Whereas viewing transformation is used to alter the display. d
image.

* The coordinates of an object can be represented in point matrix. There e
two types of matrix format to represent points of an obicct: row matrix and -
column matrix.

For a 2D object with point (x, y)

Row matrix format is [x y], l-row, 2-column.

-

X
Column matrix format is "y |, 2-row, {.column.

For a 3D object with point (x; Y, Z)

Row matrix format is [x y z},"l-row, 3-column
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Column matric format is | y |, 3-row, 1-column

“or example, points (1, 2), (3, 4), (0,3) in row matrix format

=L
WA

" column matri for-mat 13 O |
2 4 3]
_vmation can be expressed in matrix form as N

(P*1=[PIiT]

where [P*] is new point matrix, [P] is old points matrix, and [T] is transformation
matrix. G T e e

42 OBJECTIVE

Afier the end ‘o_f this unit, you should be able to understand:
»  How to translate an image. |
»  How to rotate an image.
»  How to scale an image.
>

Shearing of an image.

%  Composite Transformation.
~»  Homogeneous Coordinate System.
3 3D Transformations.

4.3 BASIC TRANSFORMA_TION:. TRANSLATION,
RGTATION, SCALING, SHEAR

43.1 TRANSLATION

Translation s fyrmation means an object moves to a different position

Cceen s o ot evers peint of the object experiences the same

. Tesssision can be pertormed for points, lines and objects. In fig

S e et coordineic T0 Y shifted right side in x-direction then new
coordinge uf obp of 7 sfter trusiton s (X7, ¥).
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Original

ix,v)

Fig. 4.1 Translation in x-direction

A is a square with 2D coordinates (X, y) = {(x, y1), (x2, v2). {x.. w2l (X4,
y4)} after shifting A toward right direction, the new coordinaic: =72 ¢, '} =
{1, Y1), (72, 772), (K3, 573), (X, ')

Algebraically x’=x + Ax (sar s us [PEEPH T
YTy Ay

Ax and Ay is difference of coordinates in re speu.mc axis, aiso called
translation vector or Shift vector. :

For example-
Translation in x-direction-

In fig.4.1, an object A (x,y) moves in x-direction afler translation ngw
coordinates of object is A” (X, y"). In this iype of transiation, only x-coordii o

changed whereas y-coordinates remain the same.

If coordinates of original square are A={{(23), (2,6), {5.3), {5,6)tand
square shifted right side by 5-unit on x-axis.
Point matrix tor Ais (2.2 5 5]

Square shifted 5-unit right side, so translation vector matrix AA is [g g

QoW
o
b}

A=A +AA
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771010]:2255 5555
36 3 6.

263 6| 10 000

So new coordinates of translated square are A’= {(7,3), (7,6}, (10,3), (10,6);.
Translation in y-dircction
In fig.4.2. an object A (X.y) moves in y-direction after translation new

coordinates of object is A’ (x°, y’). In this type of translation, only y-coordinates
changed whereas x-coordinates remain the same.

Y

A Xy}

A x'y)

Fig. 4.2 Translation in y-direction

If coordinates of original square are A={(2,3), (2,6), (5,3), { 5,6)}and
square shifted upward side by 4-unit on y-axis.

Point matrix for A is [2 25 5]

36 36

Square shifted 4-unit.right side, so translation vector matrix AA is [g 3 2 3]
| _ A=A +AA

2255_2255+0000-'

7 10 7 10| |3 6 3 6] |4 4 4 4]

G new coordinates of translated square are A’= {(2,7), (2,10), (5,7), (5,10)}.

Traﬁslation in both directions -

In fig.4.3, an object A (x,y) moves in both y-direction and x-direction after
translation new coordinates of cbject is A’ (x’, y*). In this type of translation, both
y-coordinates and x-coordinate changed. Ax shows the displacement in x-
direction of a point and Ay shows the displacement in y-direction
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1 &ee. vy

Ay A oy L

_foe

Fig. 4.3 Translation in both directions

If coordinates of original square are A={(2,3), (2,6), (5.3), (5,6)}and square
shifted 3-unit right side on x-axis and upward side by 4-unit on y-axis.

Point matrix for A is 2255
3 3 6

Square shifted 3-unit & 4-unit, so translation vector matrix AA is [i 2 3 3} .
| A=A+AA

5588__225.5+3333

7 10 7 10| {3 6 3 6] 4 4 4 4

So new coordinates of translated square are A’= {(5,7), (5,10), (8,7), (8,10)}.

4.3.2 ROTATION

In rotation transformation, an object rotates about any point. Point .of
rotation can be origin of plane or any arbitrary pivot point.

Y

A"

Fig. 4.4 Rotation
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Rotation about Origin (0,0)-

In fig 4.4 point A rotates © angle anti-clockwise about origin. Coordinate
of point A is (x,y) and after rotation new coordinate of A’ is (x’,¥").

A’= A*AA

If the distance of point A from origin is r, then distance of point A’ wiil
alsober. '

So, X =T COSQ
‘ y =T sina.

and, x’= r cos(a+0)

y’=r sin(a+0)

Now in ‘matrix representation;

xT [x} . "cos 6 - sin @
y' ] LY sing cos® |
|  x=x cosd —y sin@

y’= X sinf + y cos®

For example; if initially the coordinate of point is (x,y)=(4,4), and point rotates
about origin by 0=30°.

So, new coordinate of point
X’= 4%*cos30° - 4*sin30°
y'= 4*sin30° + 4*cos30°
_ _ Hence (x’, y’)= (1.46, 5.46).
Rotation about an arbitrary point (x;, Ye¥

If we want to rotate an object or point about an arbitrary point, first of all,
we translate the point about which we want to rotate to the origin. Then rotate
point or object about the origin, and at the end, we again translate it to the original
© place. We get rotation about an arbitrary point. '

Y-axis

(<. V)

l (0.0) . x-axis_*_
Fig. 4.5 Rotation about (X, ¥}’
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In Fig. 4.5 point (x,y) rotates about point (xc, yc) by 0° angle in 2D space.
For example- | '
If a point (4,5) want to rotate abbut (2,2) by 45° anti-clockwise .
(Xe,ye) = (2,2)
(x.y) =(4,5)
9=45°
Step 1: 'i‘ransl_ate (Xc,ye) to the origiﬁ 0,0)
So the translation vector is Ax = -2 and Ay = -2
Translate (x,y) by Ax =-2 and Ay =-2
So, x’=4-2=2 and y’=5-2=3, (x’,y")~(2,3)

Step 2: Now rotate new translated point about the origin by 45°, new
coordinate after

rotation about origin
| x’=x’cosf -y’ sinO _
y’’=y’ sinf + x* cosO |
5

w1 w_ 5
x —ﬁandy =5

_ Step 3: Finally, rotated coordinate is translated back by translation vector
by Ax =2

and Ay = 2.
After translation back new coordinates of rotated point about (2,2)
is T :
x=X""+2 and yr=y’’+2 _
So the final coordinate of point (4,5) after rotation about (2,2) by
45° anti-clockwise , (x7,77) = (F+2, = +2) -

4.3.3 SCALING

Scaling is a transformation that changes the size or shape of an object.
Scaling can be with respect to the origin or with respect to the any arbitrary point.
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A" |

Fig. 4.6 Scaling of an object |

In fig.4.6 after scaling object A, it becéme object A’ with increased shape.
If scaling factor > 1, then the object size is increased. If scaling factor < 1, then
the object size is reduced. ' .

If the initial coordinate of object is (X, )
Scaling factor for x-axis and y-axis are S and Sy respectively.
Coordinate of object after scaling is (X’ )
So, CX=x*8
y=y* Sy
Matrix representation is: [P*]= [P][T]

-Gl o)

y'! tyll0 Syl

For example; if initial coordinates of ‘an square are (x,y) = {(0,0), (0.4), (4.0),
(4,4)}. Scaling factor for x-axis is Sx=3 and for y-axis is Sy=2 about origin.

Calculate scaling of each coordinate individually;
For(0,0) x=0*3=0 and ~y'=0%*2=0
For(04)  x=0%3-0 and y=4*2=8
For(4,0) . x’=4*3=12 and y=0*2=0
- For 4.4 x'=4*3=12 and | y’=4%2=8 |
So the new coordinates of scaled object are (x",y") = {(0,0), (0,8), (12,0), (12,8)}. -

4.3.4 SHEARING

Sheaﬁng is an ideal technique to change the shape of an object in a two
#imensional plane. In this transformation, the sliding of layers of object occurs.
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Shearing can be done in one direction at a time or in both directions
simuitaneously.

X-shear:

In fig.4.7, the change is happening in x-direction, y-coordinate remains
same. Means upper layer of object’A is sliding against lower layer of object A.
After shearing, shape of object changed from square to paralletogram. -

Originai object. ‘Object after  shear
| Fig.4.7 shearing of an object in x-direction '
Changed coordinate is as follow after shearing
X'=x + she*y ‘where shy is shearing factor in x-direction
Y=y

in point matrix form:

[x"}_ x'l . ( 1 sh,

Lyl Lyl 7o 1
For example; if initial coordinates of an square are (x,y} = -{(0, 0), (0, 3), (3, 0),
(3, 3)} and x-shear factor is shx=2. '

For (0,0) xX=0Q+2%0=0 and y'=0
For (0,_3) X’=0+2%3=6 . and y'=3
For (3.0) X’=3 +2%0=3 and- ' y'=0
For (3,3} x'=3+2%3=9 = and y'=3.

So, after x-shearing new coordinates of sheared square are (x’,y’ )= {((,0), (6,3),
(3,0), (9,3)}. _ S ’

Y-shear:

o In fig.4.8, the change is happening in y-direction, x-coordinate remains
' same. Means right layer of object A is sliding against left layer of object A. After
 shearing, shape of object chianged from square to parallelogram.
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vy

—

— X

0 5 - X
Origlml object Object after y shear
' Fig.4.8 shearing of an object in y-direction
Changed coordinate is as follow after shearing |
X=X , _
y=vy +shy*x where shy is shearing factor in y-direction
in point matrix form: -

x| _Ix N 1.0

vl ly sh, 1]
For example; if initial coordinates of an square are (x,y) = {(0, 0), (0, 3), 3, 0},
(3, 3)} and y-shear factor is shy=2.

For(0,0) x=0 and  y=0+2%00
For(03)  x=0 and  y'=3+2%0=3
- For(3,0) x'=3 _ . ‘and y’=0 +2%3=6
For(33)  x=3 and  y'=3+2%3=9

So, after y-shearing new coordinates of sheared square are (x’,y)= {(0,0), (0,3),
(3,6), (3.9}

4.4 COMPOSITE TRANSFORMATION

The transformations we have studied above are performed individually. I
more than one transformation performed scquentially as a single job then it is
called composite transformation. More clearly if a change in object needs more
than one transformation means need sequence of transformations then these
sequences of transformation is called composite transformation. '

Case 1: Scaling then Translation
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Al

Fig. 4.5 Composite: Scaling then Translation

In fig4.5, if A want to change in A’, it is not possible with a single
transformation technique. There is need of two transformation sequences, first

scaling the object and then translate it to new coordinate.

Case 2: Scaling then Translation then Rotation

A

Fig. 4.6 Composite: Scaling then Translation then Rotation

In this case, if A want to change in A’, it is not possible with a single
transformation technique. There is need of three transformation sequences, first
scaling the object then translate it to new coordinate and then rotate it 90°

clockwise.

45 HOMOGENOUS COORDINATE SYSTEM

To combine these three transformations into a single transformation,
homogeneous coordinates are used. In homogeneous coordinate system, two-
dimensional coordinate positions (x, y) are represented by triple-coordinates.
' Homogeneous coordinates are generally used in design and construction
 applications, Here we perform translations, rotations, scaling to fit the picture into
. proper position. In homogeneous coordinates, a third coordinate is added to a -
point. Instead of being represented by an ordered pair of two numbers (x,y), each
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point is represented by a triple (x,y,W). Two sets of homogeneous coordinates
(x,y.W) and (x'y', W) represent the same point if one is a multiple of the other.
Homogeneous coordinate for: - :

f1 o o] [1r O Ax
Translation: 0 1 0Olor|0 1 Ay
|Ax Ay 1] 00 1
s, 0 0
Scaling: 0 S, 0
0 0 1
[cos® —sing O cos® sine O
Rotation: sing cos® Olori-siné cosé O
- o 0 1 o 0 1
. 1 00
Shearing: x-shear sh, 1 O
0 01
(1 sh, O
y-shear shy, 1 O
o 0 1

4.6 3D TRANSFORMATIONS

~ In_this, object or .a point is considered in three-dimensional space.

~ Transformation of a object can be abous any of three dimensions. The location of

objects relative to others can be easily expressed in three-dimensional space. 3D

sransformations that deal with scaling, tramslation and rotation are a simple
extension of 2D transformation.

4.61 3D TRANSLATION

i
- GeynaT)

O]

Fig. 4.7 3D Translation
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Initial coordinate of object is (x,y,z)
Translation factor in each three directions is tx, ty, ta.
New coordinate of object after translation is x’,y,2)

So, new coordinate for each point of object

X=X+t
y'=y+ty
Z’=z+tz
In matrix form,
X' x|]1 0 0 t,
1Y _1y[||@ 1 0 t,
zZ' |z{|0 0 1 ¢,
|_1 1]{0 0 0 1

Fig. 4.8 3D Rotation

Initial coordinate of object is (x,y,2)

Initial angle of object with respect to origin is «
Object is rotated by angle 0

After rotation new coordinate of object (x’,y’,2’

There are possibly three types of rotations about x-axis, about y-axis and,
about z-axis. : -

Rotation about x-axis-

So, new coordinate for each point of 6bject
x'=x

y’¥ v cosf - z sinf

Z’=y sinB + z cosd
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In matrix form (in homogenous coordinates)

x7 [x}ft © o O
y'| |y{j0 cosé -sing 0
21 |zjlo sine cosé O
1| |1]l0 O o 1

Rotation about y-hxis-

So, new coordinate for each point of object
x’=z sinf + x cosb |
y =y
z’= z cost - X sihB |

Tn matrix form (in homogenous coordinates) '

[x'y’z’1]=.[xyzl][cosﬂOOl sinf 000 —
sinf 000 cos8 00 1} '

Rotation about z-axis-
So, new coordinate for each point of object
x’= xcos@ -y sinG
y’= x sinf + y cos@
7=z
n matrix form (in homogenous coordinates)

x' x|[cose -siné O
y'| |y|]|sing cos® O
z| {z]| O 0o 1
1 1 0 0 0

= = R =

4.6.3 3D SCALING

Fig. 4.9 3D Scaling

Initial coordinate of object is (x,¥,2)

58



Scaling factors about x-axis, y-axis, z-axis are Sz, Sy, Sz respectively.
New coordinate of object after rotation (x’, y’,z’)
So, new coordinate for each point of object

X'=x* 8«

y'=y*8y

zZ=z*5,;

In matrix form (in homogenous coordinates)

x' x({1S, 0 0 0
Yi_[y[]o s, 0 0
z| |z||{0 0 s, 0
1] [1j)l0 0 o0 1

4.7 SUMMARY

In this unit 2D transformations are shown; translation, scaling, rotation,
and shearing. 2D transformation is done in two-dimensional plane generally XY-
plane. When 3" direction added to 2D-plane as Z-direction, XY -plane becomes
3D space. Real life objects are present in 3D space, so 3D transformation is more
practical than 2D transformation. In 3D transformation, there are also translation,
scaling, rotation, and shearing. Translation is to move an object in 2D/3D space
w.r.t. origin or any arbitrary point. Rotation is to rotate an object in 2D/3D space
w.r.t. origin or and arbitrary point by angle 6. Scaling is used to change the size of
an object without changing its structure. In shearing, layer slides against each
other and change the structure of object.

Homogeneous coordinates provide a method to perform certain standard
operations on points in Euclidean space by means of matrix multiplications. As
we shall see, they provide a great deal more, but let’s first review what we know
up to this point. -

4.8 TECHNICAL QUE STION

1. Why do we need transformation in computer graphics?
2. Write down the difference between 2D and 3D transformation.,

Design a problem for composite transformation and explain each
transformation steps in detail.

4. What is the need to use Homogenous coordinates system. Point out
problems if homogeneous coordinates are not used. '

5. A square with given coordinates {(1,2),(4.2),(1,5),(4,5)} compute the new
coordinates after composite transformation a) Translation in +x direction
by 4 unit and then b) Rotation of 45° anti-clockwise about origin.
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10.

If initial coordinates of an square are (x.y) = {(0,0), (0.4), (4,0), 4,4)}.
Scaling factor for x-axis is Sx=3 and for y-axis is Sy=2 about origin.
Calculate the new coordinates of given square. '

A pyramid is in 3D space with coordinates
§(2,2,0),(2,4,0),(4,2,0),(4,4,0).,(3 3,2)}. Perform 3D rotation of 30° about
x-axis, y-axis, and z-axis individually and find new coordinates.

A cube is in 3D space with coordinates {(2.2,2), (2,4,2), (4,2,2), (44,2),
(2,2,4), 2,4.4), (4,29, 4,44} Perform 3D scaling; 2 unit in x-axis, 2
units in y-axis, and 2 units in z-axis. Write down new coordinates of cube
and represent in homogenous coordinates.

Derive the homogenous coordinates for 2D translation and 2D shearing.

Write down differences between scaling and shearing transformation with
proper example. '
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UNIT-5 VIEWING TRANSFORMATION

Structure :

5.1 Introduction

5.2 Objective

5.3  Paraliel Projection

5.4  Orthographi¢ & Oblique Projections
5.5 Isometric Projections

5.6 Perspective Projections

3.7 Summary

5.8 Technical Questions

51 INTRODUCTION

Viewing transformation also called viewport transformation. Viewpoint
transformation is a convenient method for generating a pictorial view of a 3D
‘object. It is based on a vector defines by the line of sight. This vector extends from
the view site to the viewpoint. The new view is produced by transforming the line
of sight vector so that it is outwardly normal to the viewing surface. In other
words if the line of sight vector is part of the object, it would appear as a point
after the transformation.

The basic steps of the viewpoint transformation are:

. Translate the view site to the origin.
b.  Rotate the line of sight vector so that it corresponds to the z-axis.
¢, Translate the view site back to its original position.

3D objects which are defined and manipulated using actual physical units
of measurement in a 3D space, has to be transformed at one stage from a 3D
representation to a 2D representation. Because finally the image is viewed on a 2D
_plane of the display device. Such 3D-to-2D transformation is called projection. 2D
projected images are formed by the intersection of lines called projectors with a
plane called the projection plane. Projectors are lines from an arbitrary point called
the centre of projection through each point in an object.

The major two categories of projection are:
a.  Parallel projection

b.  Perspective projection
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Fig. 5.1 Projection

5.2 OBJECTIVE
After the end of this unit, you should be able to understand:
" %  Different types of projection like :

»  parallel projection, |

»  orthographic projections, etc.

5.3 PARALLEL PROJECTION

When the céntrc of projection is situated at infinite distance such that the
projectors are parallel to each other, this type of projection is called paraltel
projection. There are two types of parallel projection:

a.  Orthographic Projection
b.  Oblique Projection
Characteristics of Parallel Projection:- o
1. Parallel projeétion' can give the accurate view of object..
Paralle] projection represents the object in a different way like telescope.

Parallel projection does not form realistic view of object.

B oW N

In parallel projectioii, the distance of the object from the centre of
projection is infinite. o '

Projector in parallel projection is parallel.

il

6. . Parallel projection can preserve the relative proportion of an object.

7. The lines of paralicl projection are parallel.
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5.4 ORTHOGRAPHIC PROJECTION

The direction of projection is perpendicular to the plane of projection. In
1ig.5.2, when the direction of projection is parallel to any of the principal axes
this produces front, top and side views of the object, also called muMi-view
drawing. If projection lines are parallel with x-axis then object is projected on z-y
plane in 2D format with x=0. In the similar way, If projection lines are parallel
with y-axis then object is projected on z-x plane in 2D format with y=0 and If
projection lines are parallel with z-axis then object is projected on x-y plane in
2D format with z=0. '

Fig. 5.2 Orthographic prejection

If (x°, y’, 2’) are assumed to be the coordinates of the projected point. The
transformation matrices are:

x' 1 0 0 0)(x
For projection onto the x-y plane :: = g ; gg : |

' 1 000 1)1
xY (1 0 0 0Y(x
For projection onto the x-z plane Z: = g g {; EJ Z
1) 0 00 1/{1

(XY (0 0 O 0)(x

For projection onto the x-y plane :- = g ; (; g :

i, {00 0 1/{1
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A single orthographic projection does not provide . sufficient
information to visually and practically reconstruct the shape of an object.
Thus multiple orthographic projections are needed; in fig 5.3 there are 6-
views of an object: top view, bottom view, front view, rear view, right
view and, left view.

o= e s, st

Fig 5.3 6-views orthographic projection

Example: Show all the six views of a given object shown in following
'Fig.5.4. The vertices of the object are A(4,0,0), B(4,4,0), C(4,4,8), D4, 0,
4), E (0,0,0), F(0,4,0), G(0,4,8), H(0,0.,4). '

v 4

z

Fig. 5.4 Given object in 3D space
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- We can represent the given ob]ect in terms of Homogeneous-coordinates
of its vertices as; . .

A4 0 0
"B|4 4 0 1
Cl4 4 8 1
D{4 0 4 1
'V =IABCDEFGH]= _| = = =
Flo 4 01
G0 4 8 1
HlO 0 4 1)

If projected coordinates assumedas A’,B’,C’, D", E’, F’, G*, H".

Front view: In fig.5.5, projection on x-y plane and z=0. So the new
_coordinate of a given object after projection can be as;

A, v, 2z, 1 1] -
B'|x; v, 7,
Cix's ¥s; 2z
D'[X'y V4 2%
Eixs y's 2z
F'{X's ¥'s Z'
G'|xy v, 2z
H' {x's ¥5% Z's

-o 0o

D ek ek e R e
Lo- e T on Y o TN N N
o e e s
O 00 K=
0 Q= O
o0 oo

A(Xy vy 2y 1)
B'ix'; ¥, 2
C'x3 vy 25
D'ix'y, v 24
E'|X's y's 25
F'iX's ¥ 2%
G'|x7 v, 2y
H'\X's ¥'s Z'

D-hAOO-h-bQ_O-h-hDD-h_-hO

= e I o T o [ oo B o= B o B e | ARDOOHOWOO

[ T S S S Gy SPRN
(oo B v T e T e Y O N O N
R e e b e e e

b
L

G, F c. B

e X

H’, E - Dt' A

Fig. 5.5 Front view projection of object in x-y plane
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- Righit view:
coordinate of a given object after

Top view:

A|
BI
CI
DI
. El
F!
GI
HI

X'y
X5
X's
X4
X's
X'
X'z
X's

Z

Fig. 5.6 Right side view projection in y-z plane
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In fig.5.6 projection om y-Z plane and x=0. So

projection can be as;

0
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In fig.5.7, projection on X-
coordinate of a given objec
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z plane and y=0. So the new
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t after projection can be as;
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A(x', vy, 2,1 [4 0 0 1
B'Ix, v, 2% 1] |4 0 0 1
Cixy v 25 1 4 081
D'|xy ¥4 24 1| {4 0 4 1
E'ixs yvs 25 1] |0 0 0 1
F'iX's ¥e 2% 1 0 001
- G'Ix, vy, 2% 1] {0 0 8 1
H\Xs ¥s 25 1) [0 0 4 1]
b
S <
i
i
'
i
t
1
E
bE T r g

Fig.5.7 Top view projection in x-z plane

Axonometric Projections are orthographic projection in which the
direction of projection is not parallel to any of the three principal axes.
They are defined according to the angles made between the coordinate
axes in screen projection. They can be classified into three standard types
known as isometric, diametric, and trimetric.

Y eorr
{a) kometc (b) Dimetric’

Fig. 5.3 Axonometric projection

In Isometric projection, the direction of projection makes equal angles
with all three principal axes. In fig.5.3.(a), angles 2a, £b and 2¢ are same
n this projection view.

In Diametric projection, the direction of projection makes equal angles
with exactly two of the principle axes. In fig.5.3.(b), angle za and 2zc¢ are
same but £b is not equal angle in this projection view.
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In Trimetric projection, the direction of projection makes unequal angles with the -
three principal axes. In fig.5.3.(c), angles Za, £b and Zc are not same in this -
projection view.

5.3.1 OBLIQUE PROJ'ECT’IO’N

When projector lines are parallel but the angle between the projectors and
the plane of projection is not equal to 90°. In oblique projection, we can view the
object better than orthographic projection. Two sub-categories of oblique
projections are: Cavalier projection and Cabinet projection.

projection plane

Fig. 5.3 Oblique projection

. Some -common sub-categories of oblique projectiohs are: Cavalier
projection and Cabinet projection. -

Cavalier projection- The diréction of projection is so chosen that there is
no foreshortening of lines perpendicular to the plane of projection. in fig 5.4,

Cabinet projection- The direction of projection is s chosen that lines
perpendicutar to the plane of projection are foreshortened by half their length. In
fig 5.4, :

! Sy

b Q X | | x
4 - S a | A
y A4 '

" Cavalier Projection 7 cobifiet Projection

Fig. 5.4 Cavalier and Cabinet projection
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Oblique parallel projection onto plane. The projectors make an angle B
with the plane of projection in fig.5.5

PHX®, y*, 2%) = (x%, ¥* 0)

'Fig 5.5 Oblique parallel projection onto plane

The line of length 1, which joins O and P* (ih the projection plane) is
making an angle 6 with the x-axis. From the triangle AOBP*, we have

x*=x+1lcos@
y'=y+lsind
- Also, from APOP*, we get,

tantgnf=71 or I=_—Z

tantan g

Substituting the value of [ yields

M z

X*=x+ sin@

cos6 and y ' =y+

z
tantan g tantan g

In oblique projection the lines perpentlicular to the plane of projection are
foreshortened by the direction of projection. The change in length of the projected
line is measured in terms of the foreshortening factor £ with respect to a given -
direction of projection. :

©, is the angle which the projected line OP* makes with the positive x-
axis. _ .
Thus the foreshortening in the z-direction is

_ 0P|
7
_ z
" tantang

= zf, wheref =. is the " foreshortening

tantang

factor

In matrix form the oblique transformation can be expressed as
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1T . 0. 0O 0]

4] 1 00
(Tobd = ¢ cose fsine 0 O

o o0 01

Where f the foreshortening factor and O is the arbitraty angle made with
the x-direction. ' . : ‘

55 ISOMETRIC PROJECTION

It is a type of Orthographic projection. In this special case the direction of
projection makes equal angles with all three principal axes. '

Fig. 5.4 Isometric projection .

5.6 PERSPECTIVE PROJECTION

Tn this type of projection, the centre of projection is a unique finite point,
so projection lines are not parallel to each other. If the position of projection point
and the projection plane is modified, then the result of perspective projection will
also change. In computer graphics, perspective projection is a technique employed
to generate images Or photographs that look so natural. When a. person sees scenes
in day-to-day life, the far-away objects look smaller relative 0 closer objects. This
projection’s property. can provide knowledge about depth. Thus, artists often
employ perspective projection for drawing three-dimensional sceneries. An
important aspect of the perspective projection is that this concept can preserve
straight lines and facilitates to project the end points of three-dimensional lines
alone, and then draw a two-dimensional line between the projected end points.

In fig.5.5 Perspective projection depends on the Telative position of the eye
and the view plane. Tu the usual arrangement the eye lies on the z-axis and the
view plane is the xy-plane. To determine the projection of 3D point connects the
point and the eye by a straight line. where the linc infersects the view plane. This
intersection peint is the projected point,
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Fig; 5.5 Perspective projection'
Two important characteristics of this concept are listgd below:

1. Perspective foreshortening
2.  Vanishing point

Perspective foreshortening: Due to foreshortening, lengths and objects seem
small from the centre of projection. The more an artist increases the distance from
the projection’s centre, the small will be the appearance of the object.

Vanishing point: Vanishing point is considered as a side effect of the perspective
projection. Parallel lines typically tend to meet on a “vanishing point”.

Based on the number of vanishing points, the perspective prOJectlon is of three
types, and they are listed below

1.  Single-point perspective projection
2. Double-point perspective projection
‘3. Triple-point perspective projection

Single-point perspective projection: In single-point perspective projection, there
will be only one vanishing point, in Fig.5.6(a).

Fig. 5.6 (a) single point perspective projection

Double-point perspective projection: In -double-point perspective projection,
there will be a couple of vanishing points. The first vamshmg point will be in the
direction of “x”. The second vanishing point will be in the direction of “y” Fig.5.6

().
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. Fig. 5.6 (b) double point_perspective projection

Triple-point perspective projection: In triple-point perspective projection, there
will be triple vanishing points. The fitst vanishing point will be in the direction of .
“x* The second vanishing point will be in the direction of “y”. The third
vanishing point will be in two directions Fig.5.6(c).

Fig. 5.6 (c) Triple point perspective projection

5.7 SUMMARY

The viewing transformation converts objects from their 3-dimensional
camera-space coordinates into the appropriate 2-dimensional raster-space
coordinates. The camera coordinate system is a coordinate system with the camera
at the origin, looking out over the positive Z axis. [t is, essentially, the scene from
the camera's point of view. The raster coordinate system is the space of the pixels
on the monitor. Connecting these twg ‘coordinate systems there is a special
coordinate system known as the screen coordinate system. The screen coordinate
system is, conceptually, the same as the film plane of a camera. It is usually best to
consider both the screen coordinate system and the raster coordinate system to be
two-dimensional. : '

_ There are basically two types of projections parallel projection and
perspective projection. Centre of projection is located at infinity in parallel
projection whereas centre of projection at’ finite point in perspective projection.
Parallel projection further classified in orthogonal and oblique projection. In’
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orthogonal projection, projection lines are perpendicular to the plane of projection.
If projection lines are parallel to axis, 6 possible view of object can be seen. There
are some cases in which projection lines are not parallel to the any principle axis;
this is called axonometric projection a special case of orthogonal projection.
Isometric projection is a type of axonometric orthogonal projection. In oblique
projection, projector lines are parallel but the angle between the projectors and the
plane of projection is not equal to 90°. In oblique projection. we can view the
object better than orthographic projection. Two sub-categories of oblique
projections are: Cavalier projection and Cabinet projection,

5.8

TECHNICAL QUESTIONS

1.
2.

10.

What do you mean by viewing transformation? Also explain view port.
Why we need such 3D-to-2D transformation? Draw the hierarchy of this
transformation.

Write down the differences between parallel and perspective projection.

Explain the mechanism of orthogonal projection in detail. Draw 6-view
orthogonal projection of a 3D object assumed by you.

What is axonometric projection? Explain each case with proper diagram.
Also explain isometric projection in brief,

Show all the six views orthogonal projection of a given object with
vertices  A(0,0,0), B(0.2,0), C(2,0,0), D(2, 2, 0), E (0,1,2), F(0.3,2),
G(2,1,2), H(2,3,2). Also represent the given object in terms of
Homogeneous-coordinates.

What is oblique projection? Explain the differences between obligue and
orthogonal projection.

Explain both cavalier and cabinet projection with proper diagrammatical
example. Also brief about foreshortening factor,

What is vanishing point? Explain the types of perspective projectiun based
on number of vanishing points.

Explain the terms: Projection line, projection plan, centre of projection,
and angle of projection. '

73






Master of Computer
Science

A MCS-107

Uttar Pradesh Rajarshi Tondon

open University Computer Graphics

BLOCK

MODELING & RENDERING
UNIT 6 :

Curves and Surfaces

UNIT 7 :

Visible - Surface Detection

UNIT 8 :

Polygon Rendering and Ray Tracing Methods

75



Course Design Committee

Dr. Ashutosh Gupta

Director-In-Charge,

School of Computer and Information Science, UPRTOU, Prayagraj
Prof. Suneeta Agrawal

Department of CSE

Motilal Nehru National Institute of Technology- Prayagraj, Prayagraj
Dr. Upendra Nath Tripathi Author
Associate Professor,

Department of Computer Science

Deen Dayal Upadhyaya Gorakhur University, Gorakhpur

Dr. Ashish Khare

Assistant Professor,

Department of Computer Science University of Prayagraj, Prayagraj
Mrs. Marisha

Assistant Professor, (Computer Science)

School of Science, UPRTOU, Prayagraj

Mr. Manoj Kumar Balwant

Assistant Professor, (Computer Science)

School of Science, UPRTOU, Prayagraj

Course Preparation Committee

Dr. Divya Kumar Author
Assistant Professor,

Department of Computer Science & Engineering

Motilal Nehru national Institute of Technology, Prayagraj

Prof. Abhay Saxena Editor
Dean, School of TCM,

Dev Sanskriti Vishwavidyalaya, Hardwar, Uttarakhand

Dr. Ashutosh Gupta Director (In-Charge)
School of Computer and Information Science,

UPRTOU, Prayagraj

Mr. Manoj Kumar Balwant Coordinator
Assistant Professor, (Computer Science)

School of Science, UPRTOU, Prayagraj

© UPRTOU, Prayaraj - 2021
ISBN :

© All Rights are resurved. No Part of this work may reprouduced in any form, by mimeograpn or any other means, without
permission in writing from the Uttar pradesh Rajarshi Tandon Open University.

Printed and Published by Dr. Arun Kumar Gupta Registrar, Uttar Pradesh rajarshi Tandon Open University, 2021

Printed By : K.C. Printing & Allied Works, Panchwati, Mathura 281003

76



UNIT-6 CURVES AND SURFACES

Structure:

6.1 Introduction

6.2  Objectives _
6.3 Polygon Representation Methods
6.4 Bezier curve

6.5 Bezier surface

6.6  Surface of Revolution

6.7 Summary

- 6.8 Technical Questions

6.1 INTRODUCTION

A curve is an infinitely comprehensive series of points. Every point
beyond endpoints has two neighbours. Curves can be divided into three broad
categories: explicit, implicit, and parametric curves. Objects are a set of surfaces.
3D representation of objects is divided into two categories: representation of
boundaries and representation of the space-partitioning.

Polygon is a representation of the surface. It is primitive which is closed
in nature. It is formed using a collection of lines. There are two types of polygon:
concave and convex. '

6.2 OBJECTIVES

After the end of this unit, you should be able to understand the basics of curves
and surfaces including.

»  Polygon Representation Methods like ( Face/vertex/winged/dynamic)
»  Bezier curves, surfaces and plane equations.

> Surface of Revolution

6.3 POLYGON REPRESENTATION METHODS

6.3.1 POLYGON SURFACES

The polygon surfaces are popular in design, and solid-modelling
applications as their wireframe display can be made easily to provide a general
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indication of surface structure. The realistic scenes are produced for illumination
through interpolation of shading patterns across the polygon surface. Poiygons are
easy to process, thus speeding up rendering and display of objects. Many systems
allow the definition of objects in other ways (such as splines) but reduce all
objects to polygons for processing. Thus, some systems allow objects to be
described in other ways (such as splines) but reduce all objects to polygons for
processing.

Fig. 6.1 Polygon Surface

6.3.2 POLYGON MESH

A set of line segments and polygon approximate 3D surfaces and solids.
Those surfaces are called polygonal meshes. For such meshes at most, two
polygons share each of the edges. The project's skin in fig.6.2 is a variation of a
set of polygons or faces. Popular polygon mesh types include a triangle strip and
quadrilateral mesh. ' ' '

A

M P W

Fig. 6.2 Quadrilateral mesn surface

A polygon mesh is a surface that is constructed out of a set of polygons
that are joined together by common +dges. In 3d computer graphics and solid
modelling, it is a set of vertices, <uues, and faces that form the shape of a
polyhedral structure. Vertices, edges, faces, polygons, and surfaces are basic
elements of mesh to construct an object; in fig 6.3, these elements are shown.
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vertices pdges faces polvgons  surfaces

Fig. 6.3 Elements of polygon mesh

One can represent polygon meshes in a variety of ways, using different methods
to store the vertex, edge and face data. These include:

1
2.
3

4.

Vertex-vertex meshes
Face-vertex meshes
Winged-edge meshes
Render dynamic meshes

Vertex-vertex meshes- Represent an object as a set of vertices connected to
other vertices. This is the simplest representation, but not commonly used since
the face, and is implicit in the edge detail. Thus, to generate a list of faces for
rendering, one need to traverse the data. Additionally, edge and face operations
are not quickly accomplished. Fig 6.4, a polygon with ten vertices v0, v1, v2, v3,
vd, v5, v6, v7, v8, and v9. Vo at the origin.

v7
vd }
e R S
-~ - By
\,\ M”“?%-____
L T
"'\ / 3 : Vﬁ
- ] «
NV L 3 .
-, ¥ b
-~ v [
\.\ M
™~ [} *
\\ - /
7 \
wT .
————— T '
T el 2 -~ i
vO s A ~. N
. Rl Y 4 ™. *
< - b
o A -
- — = -
‘" P
- w2
by

Fig. 6.4 vertex-vertex meshes

79



Vertex List
v 0,0,0 vl viv4 v3 v9
vl 1,0,0 v2 v6 v vO v9
v2 | 1,1,0 v3v7vevivo
v3 1o10 v2 v6 vT v4 v9
v4 0,0,1 vSv0v3vive.
v5 1.0,1 vovi vOvd v8
e L VIV2VIVS V8
v oLl lvavavavevs
v8 5,.5,1 vd v5 vo v7
1ve 5,.5,0 VOVIvZV3

Vertex list coniains three columns; first column is for vertex, second column is
for coordinate of that vertex, and third column shows the connected vertices from

specified vertex.

Face-vertex meshes- One can represent an object as a set of faces and a set of
vertices. It is the most commonly used representation of mesh, being the input

usually embraced by modern hardware graphics.
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vi

Fig.—G.S Face-vertex meshes

In fig.6.5, there are 15 faces (7 faces are in back side) and 10 vertices.
Every 15 faces are triangle. We can see, v5 attached to 5 faces (f0 f1 £2 9 f8).
First table is showing vertex and associated faces, second table showing faces and
their associated vertices. : )

Face List

0 |vOv4avs
fl vl vsvl
2 vl v5 v6
f3 vl v6v2

f4 v2vbv7

v2viv3

v3v7v4

vBv5ivd

f5
f6
f7 v3 v4 v0
f8
9

v8 v6 v5

f10 | v8v7 v6
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fl1 vB v4 v7

f12 | vovs5 vé

f13 v v6 v5

fia | vOVIve

£15 | vOvav7

Vertex List

vo  |000 0 £1 12 f15 7
vl 10,0 f2f3f13-f12f1
v2 |10 &% f5 fl40363
1010 f6 £7 FI4 15 65
vd 1001 f6 £7 0 £8 11
vs 11,01 0 f1 £2 9 18

v6 L1l £2 £3 £4 £10 19
vi ol £4 £5 £6 £11 f10
v8 | .5,.51 /% © £10 f11 |
vo9 | .5,.50 ﬂzﬁs £14 f15

Winged-edge meshes- Winged-edge meshes, invented by Baumgart in
1975, specifically represent the vertices, faces, and edges of a network.
This representation is commonly used in modelling programs to provide
full versatility in modifying the mesh configuration .dynamically, so
operations of splitting and merging can be performed easily. In fig.6.6,
object shown with vertices, face and edges of each side. Wing structure
show an edge between two faces and associated edges at the vertex. Edge
y1-v2, v2 is front and v1 is back vertex, CCW edge is nothing but just an
edge starting from counter clockwise direction and CW edge for

clockwise direction.
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Fig.6.6 Winged-edge meshes structure of cube

back CW edge

front CW edge

Vertex List

Vo 0,0,0 890233
Vi 1,0,0 10111200

V2 [ L1L10 12132211
V3 0,1,0 14153222
V4 0,0,1 8157194
V5 1,0,1 1094165
V6 1,1,1 12115176
V7 0,1,1 14136187
V8 5,.5,1 161718 19
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Vo | .5,5,0 20212223
Face List

FO 489
Fl 0109
F2 51011

1F3 11211
F4 |61213
F5 21413 -
£6 714 15
F7 |3815
F8 41619
F9 51716
F10 {61817
F11 |71918
F12 | 02320
F13 | 12021
Fl4 22122
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F15 |32223

Edge List

CCW/CW edges

E0 Vovl | Fifl2 9231020

El Viv2 F3£f13 . |11201221

E2 = |V2¥v3 F5114 1321 1422

E3 Viv) F7 f15 1522823

E4 V4 v5 FO 18 198169

ES5 V5 v6 F2 9 16101711

E6 V6 v7 F4 £10 171218 13

E7 vivae |Fefii 1814 19 15
E8 vovd |F710 3974
E9 VOv5 | FOfl 80410
EI0 {VIvs |[Fip 01195
Eil [Vive |F2m 101512
El2 {V2v6 |F3f4 113116
E13 |{V2v7 |F4ass 1226 14
El4 [V3v? |Fs5fe 315137
El5 (V3v4 |F6f7 143715 |
E16 | Vsv8  [F88  [451917
E17 |Vv6v8 |Foflo |s61618

El8 V7v8 F10 f11 671719
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E19 V4 v8 F11 f8 741816

1E20 {Vvive |F12f13 012321

E21 | V29 F13 f14 122022

E22 V3 v9 F14 f15 232123

E23 | V0v9 - |FI5f12 302220_

Render dynamic meshes- Winged-edge meshes are not the only type that allows
for dynamic geometry adjustments. A new representation that combines winged-
edge meshes with face-vertex meshes is rendered dynamic mesh-that explicitly
stores both the vertices of a vertex face and faces and the faces and vertices of an
edge.

6.3.3 POLYGON TABLE

This is the polygon surfacc description, usmg vertex coordinates and other
attributes: .

1. Geometri_é data table: vertices, edges, fmd polygon surfaces.

2. Attribute table: "e.g Degree of tra.nsparéncy and éurface reflectivity etc.
~ Some consistency checks of the geometnc data table:

¥  Atleast 2 edges of each vertex are clasmﬁed &S endpomts

»  Each edge is part of a polygon or more . '

»  Every singie polygén i.s closed '

vi ;5
TE2 ys E6T |
1 £7

Sl g 52

vl

'““tﬁ

Fig. 6.3 Three surface polygon -
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“Vertex Table

“vl:xl,¥1, zl
v2: x2,y2, 722
v3:x3,y3, 23
v4: x4, y4, z4

¥3:X35,¥5,25 |
v6: x6, y6, 26
v7: x7,y7, z?

Polygon- Surface Table _

S1—El, E2, E3, E4
S2 - E4, ES, E6, E7
S3 - E7, E8, E9

EDGE Table

El-vi,v2
E2—vl, v3
E3--v2,v4
E4 —-v3,v4
E5 - v4,v6
E6—v3,v5.
E7 - v5, v6
E8 —v6, v7
E9 — v5, v?7

6.3.4 PLANE EQUATION

The plane surface equation is expressed as: .
' Ax+By+Cz+D=0

On a plane let (x,y,z) be any point, and where the A, B, C, and D coetficients are
constants representing the plane's spatial properties, Usino the coordinate values
of the plan_e‘s non-collinear points, the values of A, B, C. and D can be obtained

R PR
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by solving the set of three equaﬁons. The three vertices of the plane are assumed
to be '

(x1, yl, z1), (x2, y2, 22), and (x3, y3, Z3).

The equation for the ratios A/D, B/D, and C/D is solved for obtaining the values
of A,B,C,and D. '

(A/D) x1 + (B/D) y1 +(C/D) z1 = -1
(A/D) x2 + (BD) y2 + (CMD) z2=-1
(A/D)x3 + (B/D) y3 +(CD) z3=-1

To obtain the above equations in determinant form, apply Cramer’s rule to the
above equations.

A=y 2;1y22,1y32: 1B=[x1 12,0, 12, %312, ] C =
X171 1%, y21x3 y3 1] D =[x, ¥1 24 X2 ¥2 22 X3 ¥3 23 ]

It is said that, for any point (x, y, Z) with parameters A, B, C, and D,

» Ax+By+Cz+D:;EOimpliestha;thepointisnotonﬂleplane.

»  Ax+By+Cz+D <0 implies that the point is inside the surface.

»  Ax+ By+ Cz+ D> 0 implies that the point is outside the surface.

6.4 BEZIER CURVE

In computer graphics, Bezier curves are used to generate curves that
appear relatively smooth on any scale. Lines of polygons are not as.smooth as
those of Bezier curves. Linear interpolations arise from Bezier curves. It just picks
a point in between two points. Contro] points describe a Bezier Curve. Control
points can be two, three, four or more. In Fig.6.4 a set of control points b0, bl, b2
and b3 determines this Bezier curve. Points b0 and b3 are corner ends. Points bl
and b2 describe curve form.

b1

comaraim /\

0. -
b2
" Fig. 6.4 Bezier curves _
Bezier curve Equation P(t) = Yre Biai)

Here

t is any parameter where 0 <=t<=1
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i

P(t) = Any point lying on the bezier curve

Bi =i control point of the bezier curve

n = degree of the curve= control points - 1

Jni(t) = Blendmg function = C(n,l)t’(l- ot thre C(n,i) =n! / il(n-

Cubic Bezier curve- Cubic Bezier curve is a Bezwr curve w1t11 degree
3. The total number of control points in a cubic Bezier curve is 4. Fig 6.4
is 4 Cubic Bezier curve.

P(t) = Xico Byfni(t)
Substitute n=3 for a cubic Bezier curve
P (t) = BoJs.o(t) + B1Js,1(t) + B2J32(t) + BsJ3 3(t)
So, now equation is P(t) = Be(1-t)* + B13t(1-1)? + B23t%(1-t) + Bst®

Apphcauons of Bezier Curves-

Bezier curves have their applications in the following fields-
1. Computer Graphics-

>

»>
>

Bezier curves are commonly used for forming smooth curves in
computer graphics,

The curve is fully embedded in its control points convex hull.

So, the points can be displayed graphically and used to mtumvely‘
manipulate the curve,

2.  Animation-

S

3
}

P

‘In animation applications such as Adobe Flash and synfig, bezier

curves are used to trace the movement. _
In Bezier curves the users outline the desired path.

The application generates the" ﬁmnes needed to move the object
along the path

Bezicr curves are also used for 3D animation to describe 3D paths,
as well as 2D curves. .

‘3. Fonts-

).

»

True style fonts use composite Bezier curves consisting of Bezier

quadratic curves.

Modern imaging systems such as postscript, asymptote etc. use.
Bezier composite curves consisting of cubic Bezier curves to draw
curved forms.-

Example: Given a bezier curve with 4 control points, Bo[1 0] , Ba3 3], B2[6 3},

100.

Bs[8 1]. Determine any five points on the curve. Draw a rough curve diagram,

Solution- We have-
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> The given curve is defined by 4 control points.

> So, the given curve is a cubic Bezier curve.

- The parametric equation for a cubic Bezier curve is-

P() = Beo(1-9° + B3t(1-t) + B23¢3(1-t) + Bst®

Substituting the control points Bo, B1, B2 and B3, we get-

P =[10)1-)° + 3 3]3t(1—t)2 +[633CA-H+[81]¢  ......()
Now, , -

To get 5 pomts lying on the curve, assume any 5 values of t lying in the
range - _

0<=t<=1.
Let 5 values of tare 0, 0.2, 0.5, 0.7, 1.
Fort=0: | . .
' Substituting t=0in (1), we get-
P(0) = [1 0J(1-0)° + [3 313(0)(1-t + [6 313(0)%(1-0) + [8 11(0Y°
PO)=[10]+0+0+0
P(0) = {1 0] |
Fort=0.2
Substituting t=0.2 in (1), we get-

P(0.2) = [1 0](1-0.2) + [3 313(0.2)(1-0. 2)2 + [6 3]3(0. 2)2(1 0.2) + [8:
11(0.2)°

P(0.2) = [1 0}(0.8)* +[3 313(0.2)X0.8)2 + [6 3]3(0 2)2(0 8) +[8 1](0 2)
P(0.2) = [2.304 1 448]

Fort=05:
Substituting t=0.5 in (i) we get-

P(0.5) = [1 0](1-0 59 + [3 3]3(0.5)(1-0.5 + (6 3]3(0 57%(1-0.5) + [8
11(0.5)

P(0.5) = [1 0](0.5) + [3 313(0.5)0. 5P +[6 3]3(0 5Y%(0. 5) + [8 11(0.5)?
P(0. 5) [4.52.375]
For t=0.7: ) .
Substituting t=0.7 in (1), we get—
P(t) = [1 0](1-t)* +[3 313u(1-t)> + [6 3]3t2(1—t) +[8 1]t3
P0.7) = [1 0}(1-0 3 + [3 3]3(0. 7)(1-0 7)2 + [6 3]3(0 *(1-0. 7) + [8
10.7%%.
P(0.7) = [5.984 2.233]
Fort=1:

. Substituting t=1 in (1), we get- -
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P(1)=1{10]J(1-1)* + [3 3]13(11-1)? + [6 3PB*A-D) +[8 l](l)3_
P(1)=11 0]x0+[33]x3x1x0+[63]x3x1x0+[8 l]xl

P1)=[81]
B
3t
2_._
1.-
0

Fig.6.5 Solution curve fortlusquesuon _ e
Beﬂer curve properues -

a, They always passes through control points first and Iast
b.  Their distinguishing control points are convexly embedded i in the hull

c. Notall pomts are on curve. That's perfectly natural, we'll sce later on how '
the curve is formed.

. d.  The convex hull of control points alwayé has a curvé. inside."

e. Ata point t = t0 a given Bezier curve can be subdivided into two Bezier -
segme’hts which at the point correspondmg to the parameter value t =10
- join together.

6.5 BEZ]ER SURFACE

The Bezier surface is created by blending functions of two orthogonal
Bezier curves as the Cartesian product. ,

Pu,v) =37, Zk=o PuBEZjm(v. "EZpn(w)

Where j and k are parametric spaﬁa.l points and represent the position of
the knots in real space. The Bezier functions define a given knot’s weightmg
They are coefficients for Bernstein.

The definition of the Bezier functions is:
. BEZ ,(u) = C(n, k)u*. (1 — u)¥*
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Where C(n, k) stands for binary coefficients. When u=0, for all other
points, the function is.one for k=0, and zero. When we combine two orthogonal
parameters, a Bézier curve is found along each edge of the surface, as defined by
the points along that edge. Bezier surfaces are useful for interactive design and the
‘design of the car body was first applied. '

- Fig. 66 Bezier Surface

6.6 SURFACE OF REVOLUTION

A surface of revolution is'a surface in three-dimensional space created by
rotating a curve, known as the generatrix, about a straight line in the same plane,
known as the axis. In many cases, this axis is the x-axis or the y-axis. Therefore,
the resulting surface still exhibits azimuthal symmetry. Examples of surfaces of
revelution include  the apple, cone (exchuding the base), conical
frustum (excluding the ends), cylinder (excluding the ends), Darwin-de Sitter
spheroid; Gabriel's horn, hyperboloid, lemon, oblate ' spheroid, parabolic, prolate
spheroid, pseudo sphere, sphere, spheroid, and torus (and its generalization,
the toroid). : '

v4

Fig. 6.7 Surface of Revolution about x-axis

Revolution abeut x-axis-
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For a curve defined by y = f(x) > 0 on the intervala < x < b, the
formula for the surface area is given by '

Se=2n(f] [OWIF+F@OPdx
Revolution about y-axis-
For a curve defined by x = g(y) > 0 on the intervalc sy<d, the

formula for the surface area is given by

Sy=2n(f gOW1+Ig0)Pdy

Exainple: Let fix) = Vx over the interval [1,4]. Find the surface area of the
surface generated by revolving the graph of f(x) around the x—axis. Round off the
- answer to three decimal places. '

_S'olution-_The graph of f{x) and the surface of rotation are shown in Fig.6.8

R4}

y

a9 .

31 =i
2

1

(@) : : )
Fig. 6.8 show (a) f(x) graph and (b) surface of revolution
We have fx) =+vx )
Then fl(x) = %— and (f'(x_))2 = 21;

Surface Area = fab @Erf)VL + (F(x)2dx

=f4 2mvx {1+ 1_;5dx

1 s

L 4 ‘f_
=f, 2m /?c+4xdx
o4 [ 1
_fl 2 x+:dx

Letu=x+ i. Then du = dx.

When x=1,then u=5/4, and when x=4, then u=17/4.
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So, | i 2 x+1‘/__4dx='f;ﬂ“ "'21:&&:(:_

17/4
C=2m Eu3/2]
3 5/4

= E_[17§/1_7 - 5v5] ~ 30.85

6.7 SUMMARY

_ In computer graphics, polygons are used to compose images which appear
three-dimensional. Typicalty, (but not always) triangular, polygons arise when the -
surface of an object is modelled, vertices are chosen and the object is created in a
wire frame model. A polygon can be represented by its polygon surfaces (basic
2D structure), polygon table (consisting of coordinates- of edges and vertices),
plane equation (equation lines and curves), and polygon mesh (collection of
vertices, edges and faces). In computer graphics, bezier curves are used to draw
forms, for CSS animation and in many other places. Bezier surfaces are a type of
mathematical spline used in computer graphics, computer-assisied design and
modeling of finite elements. Bezier process has different conditions and
properties to use. We can draw a 3D model of any specific axis by rotating and
2D curve, curve generates a sutface which is called a revolution surface.

68 TECHNICAL QUESTIONS

1. What is polygon representation? Write down the basic terminologies used
in polygon representation. ’ :

"2, Explain various methods to design polygon mesh.
3. Create polygon tables for polygon given below

e

4,  Explain the properties of Bezier curves. What is Bezier surface?

A line in XY plane passes from origin-and make 45° from x-axis rotates
about y-axis. Calculate the surface area of generated 3D object by the
revolution of line. Assume the next end point coordinate of line
accordingly. : :
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UNIT-7 VISIBLE - SURFACE DETECTION

‘Structure :
7.1 Introduction
7.2  Objectives
7.3 Depth Buffer Method
7.4 Séan-Line Method
7.5 Area-Subdivision Method
7.6 Summary
1.7 Techpjcal Quesﬁon‘s

71 INTRODUCTION

When we view a picture containing opaque objects and surfaces, then we
can’t see those objects from views that are behind from objects closer to the eye.
We must remove these hidden surfaces to get a realistic screen image. The
identification and removal of these surfaces is called Visible-surface detection or
Hidden surface problem :

There are two approaches for removing hidden surface problems

I.  Object-Space method

2,  Image-space method
Thé_Ohject-Space method is implemented in a physical coordinate system.
The image-space method is implemented in the sbreen coordinate system.

In the real world, when we see an object we won’t be able to see the part
of the object that is hidden by an opaque material as it obstructs the light rays
from the hidden part. In the computer generation, when objects are projected onto
the screen coordinate system, no such automatic elimination takes place. Instead,
all parts of every object are visible.

We must apply a hidden line algorithm or hidden ~:rface algonthm to the
set of objects to remove these parts and create a more realistic image. These
algorithms uses some form of ggometric sorting to. dlfferentlate between visible
parts of objects and those parts that are hidden.

For displaying the 3D objects on a 2D screen, firstly we need to choose
the viewing position and then identify only those part of the screen that is visible
' from the viewing position. Surfaces that are hidden by other opaque surfaces

- along the line of sight (projection) are invisible to the viewer.
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Characteristics of approaches: -

»  Require large memory size?

»  Require long processing time?

>  Applicable to which types of objects?
Considerations:-

»  The complexity of the scene

»  Type of objects in the scene
»  Available equipment
>

Static or animated?

x Object when hidden
Obiject with hidden line " lines removed

Classification of Visible-Surface Detection Algorithms:

7.1.1 - OBJECT-SPACE METHODS

Compare objects as well as parts of objects to cach other within the scene
c_leﬁnition to find out which surfaces, as a whole, we should label it as visible:

For each object in the scene do
Begin ‘

1. Discover those parts of the object whose view is not hidden by other paﬁs
of it or any other object with respect to the viewing specification.

2. . Draw those parts in the object color.
End | |

»  Each object is compared with all other objects to find the visibility of
the object parts. - . : o

_}- - For n objects in the scene, complexity will be O(n2 ).
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- »  Perform the calculations at the resolution in which the objects are

defined (only limited by the computation hardware).

»  Computationally it is more expensive when compared with image
space methods because the first step is more complex but on the
- positive side, the display is more accurate, eg. Due to the possibility

of intersection between surfaces.

» It is suitable for scenes with a small number of objects and objects
~ with simple relationships with each other. '

» Tt is implemented on the physical coordinate system in which the
- object is defined. '

In this, calculations are not based on the resolution of the display
device so a change of object can be easily adjusted. ' '

s

These were developed for a vector graphics system
Object-based algorithms operate on continuous object data.

It requires a lot of calculations if the image is to enjarge.

If the number of objects in the scene increases, computation time

>
>
»  The Vector display used for object method has a large-address space
5 _
>
: also increases.

7.1.2 IMAGE-SPACE METHODS
»  The screen coordinate system is used to implement the image-space
- method and it is concerned with the final image.
» . For each pixel in the image do
-Begin |
1. Determine the object nearest to the viewer that is penctrated by the
projector through the pixel.
2.  Draw the pixel in the object color.
End |
>  Examine all n objects for each pixel to determine the one that is closest to
the viewer. - : _ .
»  If there are p pixels in the image, the complexity depends on n and p (

Ofmp). o .
The accuracy of the calculation is bounded by the display resolution.
A change of display resolution requires re-calculation.

It uses the resolution of the display device and performs the calculation on
the basis of that. So, the change is difficult to adjust. '
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»

>

These are developed for raster devices. The raster display is very flexible
as they keep on refreshing the screen by taking the values stored in the
frame buffer.

These operate on object data.

They are appropnate for applications where accuracy is important. The
image can be enlarged without losing accuracy.

In this method, complexity increases with the complexity of visible parts.

In both method sorting is used a depth comparison of individual lines, surfaces are
objected to their distances from the view plane.

7.2

OBJECTIVES

Afier the end of this unit, you should be able to understand:

»  The visible surface detection problem.
»  The visible surface detection methods.
7.3 DEPTH BUFFER METHOD
» Itis also called Z-Buffer Algorithm.
» The dept.h buffer algorithm is thc snmplcst unagc—space algonthm
»  For each pixel on the display screen, we keep a record of the depth of an
object within the pixel that lies closest to the observer.
> In addition to depth, we also record the mtensaty that should be displayed
to show the object. Depth buffer algorithm requires 2 arrays, color, and
depth each of which is indexed by pixel coordinates (X, y).
This algorithm compares surface depths at each pixel position on the
projection plane Object depth is usually measured from the view plane
along the z- axls of a viewing system.
z-husffer image buffer
btain the d I o
Snd ho :ﬂumt —T 1 1 |l -«1-"1"'1"']:2
the poiygon at the I | =11
pixel ctncemed 1] WL
£ -
"[:: im :-‘-'--.. T
NN -
_ Fig. 7.1 Z-buffer Algorithm
‘Algorithm: _
Step!: Initialize the depth of each pixel.
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- i.e, d(, j) = max length (infinite)
Step 2: Initialize the color value for each pixel
as c(i, j) = background-color
Step 3: For each polygon, do the following steps :
for (each pixel in polygon's projection) { -
' ﬁnd depth i.e, z of the polygon at(x, y) corresponding to a pixel(i, j)

if (z < d(j, j))
{
d(, j) = z;
¢(i, ) = color;
\ _
_ }
" Let’s illustrate with an examble. Suppose a polygon is given as below :
(X¥.2) (x¥.2)
{3.4,3) {1,2,3)
(xy.z}) - (xy2)
(0,1.3) 0.2,3)

In starting, the depth of each pixel is taken infinite.

88|88
3/8(8/8
3/8(/8/8

~ As the z value at every posmon in the glven polygon is 3 which is smaller than
infinite, so we get d(i,j):

W WwiWw
W Ww(wlw
Www w
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Now, let’s change the z values. In the given figure, the z value goes from 0 to 3.

(x.¥.2) (x.y.2)

(3.4,3) {1.23)
{x.y.2) {X.y.Z)
(0.1,0 | (0,2,0)

In starting, the depth of each pixel will be infinite as :

00 | 60 |00
00| 00 |00
o0 | o0 (o0
oC | 00 |80

Now, the z values generated on the pixel will be different which are as shown

below :
3133
2|12 1|2
111 |1
0O(0!0
Points to remember:

»  This method is not good for the cases where only a few objects are to be
rendered as the method requires an additional buffer (compared with the
Depth-Sort Method) and the overheads involved in updating the buffer.

> This method is not complex and does not require any additional data

structures.

»  The calculation of the z-value of a polygon can be done incrementally.

»  Pre-sorting of polygons is not needed.
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v .

Object-object comparison is not required.

It can also be applied to non-polygonal objects.

Hardware implementations of the algorithm are available in some graphics
workstations. : R B

The algorithm could be applied for large images too, eg., apply the

~ algorithm to the 4 quadrants of the image separately to reduce the

requirement of a large additional buffer.

Limitations of Depth-Buffer Algorithm:

>  The depth buffer Algorithm is not always practical due to the enormous
size of depth and intensity arrays, ' '
- Ex- for generating an image with 500 x 500 pixels, it requires 2, 50,000
storage locations for every array. ' :
»  To overcome this problem, we divide the image into many smaller images
and then apply the depth buffer algorithm. '
Ex- Divide the original 500 x 500 raster into 100 rasters each of 50 x 50
pixels. For processing each small raster an array of only 2500 elements is
required, but execution time grows because each polygon is processed
many times. :
> Precision issues (scintillating, worse with perspective projection.)
»  Hard to do analytic Antialiasing
»  Hard to simulate translucent polygons.
7.3.1 APPLICATION OF COHERENCE IN VISIBLE
SURFACE DETECTION METHODS
»  Coherence is the result of local similarity,
»  Object properties vary smoothly within a small local region as objects

have a continuous spatial extent in the scene. Calculations can then be
made incremental.

Types of coherence:

A,

C.

Object Coherence:

Do not compare if one object is entirely separatc .om another. Object
visibility can often be decided by examining a circumscribing solid (eg. A
sphere or a polyhedron.) '

Face Coherence:

Compute surface properties only for one part of a face and apply it to
adjacent parts after small incremental modification. -

Edge Coherence:
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The Visibility of an edge changes only when it crosses another edge, so if
one segment of a nonintersecting edge is visible, the entire edge is also
visible. ' S ' ' '

D. Scan line Coherence: _

Line or surface segments visible that are visible in one scan line are also
likely to be visible in adjacent scan lines. As a result, the image of a scan
line is similar to the image of adjacent scan lines.

E. Areaand Span Coherence: o . S
‘The Span of adjacent groups of pixels in an image is often covered by the
same visible face. This coherence is predicated on the assumption that
tittle enough region of pixels will presumably lie within one polygon. Due

to this computation effort in searching for those polygons which contain a
given screen area (region of pixels) as in some subdivision algorithms will
be reduced. '

F. Depth Coherence:
The depths of adjacent parts of the same surface are similar.
G. Frame Coherence: SR ' '

Images of the same scene at consecutive points in time are likely to be
similar, despite small changes in objects and viewpoint, except near the
edges of moving objects. ' : '

74 SCAN-LINE METHOD

It is an image space algorithm to identify visible surfaces. Instead of one

pixel at a time, it processes one line at a time. It uses the concept area of
coherence to speed up the process which is discussed later. Before process the
next line we have to group the polygons which are overlapping on intersecting at
a given scan line. Z- Value is calculated during scanning a line for each pixel to
determine the nearest value. The tables that are used in this algorithm are edge
table (ET), Polygon Table (PT), Active Edge table (AET), and flag value to on or

off.

Edge Table (ET): It contains:

3
>
»

coordinate endpoints of each line in the scene

‘the inverse slope of each line

pointers into the polygon table to connect edges to surfaces.

Polygons Table (PT): It contziins:

»

3

>

- Surface material property'.

Coefficients of the plane.
Other surface doter, points of edge _table, ete
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Active Edge Table (AET): Information of those edges which are
crossing the scan line is stored on an active edge table (AET) to keep the
track of active edge. Values are stored in ascending order of X. -

Flag: Flag value is used to on or off when line move left to right or right
. to left respectively.

Fig. 7.2 Scan line Algorithm

- Algorithm
Stepl: Start algorithm
Step2: Initialize the desired data structure
1. Create a polygon table having color; edge pointers, coefficients

2.  Establish an edge table contains information regarding, the endpoint of
edges, pointer to polygon, inverse slope.

3. Create an Active edge list. This will be sorted in increasing order of x.
4.  Create a flag F. It will have two values eithér on or off.

Step3: Perform the following steps for all scan lines
1. Enter values in Active edge list (AEL) in sorted order using y as value
2. Scan'until the flag, i.e. F is on using a background-color

3. When one polygon flag is on, and this is for surface S lenter color intensity
as Ilinto refresh buffer

4. When two or image surface flags are on, sort the surfaces according to
depth and use intensity value Sn for the nth surface. This surface will have
least z depth value

5. Use the concept of coherence for remaining planes.
Stepd: Stop Algorithm'
To speed up the process:

Recall the basic idea of polygdn filling:
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For each scan line crossing a polygon, this method determines the meeting points
of the scan line with the polygon edges. These meeting points are sorted from left
to right and then the pixels between each intersection pair are filled. -

A similar idea is applied here, first, we fill every scan line span by span. When
polygons are overlapping on the scan line, we perform depth calculations at their
edges to find which polygon should be visible at which span.

We can process any number of overlapping polygon surfaces with this method.
Perform the Depth calculation method only when there are polygons overlapping.

If there is no change within the pattern of the intersection of polygon edges with
the successive scan lines, it is not necessary to do depth calculations.

This works only if surfaces do not cut thi'ough or otherwise cyclically overlap
each other. If cyclic overlap happens, we can divide the surfaces to eliminate the
overlaps

The algorithm is applicable to non-polygonal surfaces.
Memory requirement is less than that for depth-buffer method.
Lot of sortings are done on x-y coordinates and on depths.

7.5 AREA SUBDIVISION METHOD

Arca Subdivision Method was proposed by John Warnock. It is a divide
and conquer hidden surface algorithm '

This algonthm classifies polygons into trmal or nontnwal cases with
respect to the current v1ew1ng window.

It is easy to handle trivial cases but nontrivial cases, the current viewing
window is recursively divided into four equal subwindows, each of which is then
used for reclassifying remaining polygons. Continue this process until all
polygons are trivially classified or until the current window reaches the pixel
resolution of the screen. At that point, the algorithm changes to a simple z-depth
sort of the iniersected polygons, and the pixel color becomes that of the polygon
closest to the viewing screen. . :

~ All polygons are readily classified with respect to the current window into
the four categories illustrated in the following Figure:

[
.3
]
r
v
b
L3
E
[}

[
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Surrounding surface - Surface that encloses the area completely.

Overlapping surface — Some part of surface is inside and some part is
outside the area. :

Inside surface— Surface that is co_mpletely inside the area.
Outside surface— Surface that is completely outside the area.

Original area mm«(smm»n of area
@) b}

Second division ' Trird subdivision
{e) _ td}

Fourth subdivision
{e}

Fig. 7.3 Area Subdivision Algorithm

7.6 'SUMMARY

In this unit, we discussed about those parts of the image that are covered

by the non-transparent part of the image. In reality, we can not see these hidden
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parts but when objects are pro_jected onto the screen ooordmate system, these
hidden parts are visible. ,

We discussed three algorithms to remove this hidden part of the image -
1. Depth Buffer (Image-Space Method) -
2.  Scale Line (Image Space Method) _
3. Area Subdivision (Object Space Method)

Area subdivision algorithms and scan-line are best for those images where
objects are expanding horizontally and/or the scenes with a fewer number of
objects (about several thousand surfaces)

Z-buffer and subdivision algorithms are smtable for the scene with fewer than a
" few thousand surfaces.

7 TECHNICAL QUESTIONS

i

1. The surfaces that is blocked or hidden from view in a 3D scene are known
as; ’ : S

a) Hidden Surface |
b) Frame Buffer

c) Quad Tree

d) None of these

2. The method which is based on the principle of checking the visibility point
at each pixel position on the projection plane are called: '

a)  Object - space method.

b) Image space method.

¢) Botha&hb

d) None of these

3.  The name of a visible surface detection algoritﬁm are:
a) Back face detection
b) Back face removal
c). Ray tracing
d) None of these _ |
4, For which purpose , one needs to apply natural light effects to visible

surface:
a) Fractals
b) Quad Tree
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¢) Rendering
d) None of these

Which of them is a flexible strip that is used to produce smooth curve

using a set of point;
a) Spline
b)  Scan line method
¢)  Depth sorting method
d) None of these

The problem of hidden surface are
a) Removal of hidden surface
b) Identification of hidden surface
¢) Botha&b
d) None of these

The algorithm of hidden surface are
a)  Object-space method
b) image-‘s'pace method
¢) Botha&b
d) Noneofthese

The method which is based on the principle of comparing objects and
parts of objects to each other to find Wthh are visible and Whl?h are

hidden are called
a)  Object-space method
b) Image space method.
¢) Botha&b
d) None of these

Which surface algorithm is based on perspective depth

a)  Depth comparison
b) Z-buffer or depth-buffer algorithm
¢}  subdivision method

d) back-face removal

The array are used with scan line coherence algorithm are

a}  For intensity value



b) For depth value

c) Botha&b

d) None of these
Answers:

i.

NI - - S
AW > 00> 0> ® >

_..
&
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UNIT-8 POLYGON RENDERING AND
RAY TRACING METHODS

Structure :
8.1 Introduction
8.2  Objectives _
8.3 Illumination Model
84 Shading
8.5  Ray Tracings
8.6 Summary
8.7 Technical Questions

8.1 INTRODUCTION

In computer graphics, Rendering means giving proper intensity at each
point in a graphical object to make it look like real world object and in this unit
we are covering polygon rendering. For a realistic display of a scene the lighting
etfects should appear naturally. An iflumination mnodel, which is sometimes called
as 2 lighting model, is used to compute the color of an illuminated position on the
surface of an object.

The shader model then determines when this color information is
computed by applying the illumination model to identify the pixel colors for all
positions on the scene. Different approaches are available that calculate the color
for each pixel individually or interpolate between pixels in the vicinity. This
chapter will introduce the basic concepts that are necessary for achieving different
lighting effects. It is a method wherein the object’s surfaces visible on camera are
determined by incident rays or say casting rays of light from the viewer in the
scene. The concept behind this casting is to incident rays from the eye, per pixel
and gets an object that blocks the path of that ray. The shading of the surface is
calculated by 3-D computer graphics shading models used traditionally. This type
of casting is not a same as ray tracing, although it can be considered as an
abridged, and considerably a faster, version of the ray tra_ie:x algorithms. The rest
of the unit is organized as follows. Section 1.1 lists the «;ectives of the unit.
Section 1.2 discusses the basics of Illumination Model. Sections 1.3 and 1.4
explain the Shading and Ray Tracing respectively. Section 1.5 captures the
summary of the unit and section 1.6 ends the unit with some Technical Questions
for students to work out.

8.2 OBJECTIVES

After end of this unit, you should be able to understand:
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_»  The basics of Polygon rendering and Ray tracing

methods S
>  Ambient Reflection; Diffuse Reflection and Specular Reflection.
»  Gouraud Shading, Phong Shading.

8.3 ILLUMINATION MODEL

For determining the intensity (color) of a pixel, which results from the
projection of an object (for example a polygon), illumination models are used. An
illumination model describes how to compute an intensity (color) of a point within
the scene depending on the incoming light from different light sources. The
computation is usually done in object space. o o

It is used to calculate the intensity of light that we should see at a given
point on the surface of an object. Lighting model is used to replicate lighting effect
in rendered environment where light is approximated. Without lighting models,
replicating the effects of lightning as they occur in the natural world would require
more processing power than is practical for computer graphics. The purpose of
lighting, or illumination model 1s to compute the colour of each pixel or the amount
of light reflected for different surfaces on the scene. Object oriented lighting and
global illumination are two main jllumination models. They are different in that
object oriented lighting consider gvery object individually, whercas global
illumination shows how light interact between objects. Currently, new researchers
are carried on the techniques of global illumination that replicate more accurately
how light interacts with its environment.

Object oriented lighting:

Object oriented lighting, also called local illumination, is defined by
mapping a single source of light to a single object. This is a fast computation
technique, but often gives an incomplete approximation of how light behave in the
scene in reality. It is generally approxitated by summing a combination bt
specular, diffuse, and ambient light of some specific object. The two local
illumination models are the Phong and the Blinn-Phong iltumination model.

Light Sources: _
Tt allows for different ways to introduce light into graphics scene.
Point Source (a): | |

_ It emits light from a single poiat in all the directions, with decreasing
intensity of the Iight with respect to distance. Light bulb is an example of a point.
source. - C )

Directional (b):

A directional source umiformly lights a scene from one direction. The
intensity of light produced by it does not decreasé with distance, unlike the point
source, as the source is treated very far away from the scene. Sunlight is an example
of a directional source.
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Spotlight (c):

A spotlight produces a directed cone of light. The light becomes more
intense closer to the spotlight source and to the center of the light cone. An example

of a spotlight is a flashiight.

Figure 8.1

Illamination model has three major methods:
Ambient Reflection:

This illumination model only considers the reflection that is coming
directly from the light source; it does not consider the secondary reflections and
that’s why to account a secondary reflection, light is added that distributes
homogeneously through the entire 3D scene. Let’s assume that there is some
non-directional light in the environment {background light). Then the amount of
ambient light that is incident on each object will be constant for ail surfaces in
the all directions. It is very simple model but not very realistic. The intensity of
light of the ambient light source is distributed constantly throughout the scene.
As ambient lighting is not directed, uni-colored and uni-material objects still
appear in one colour. Ambient light models undirected light from an infinitely
large light source, the color of an object depends on reflection coefficient that is
defined by the amount of reflected light. '

Diffuse Reflection:

* Diffuse surfaces are rough or grainy, like soil, fabric and it appears equally
bright from all viewing directions. Diffuse reflection is the lrect illumination of
an object by an even amount of light interacting with a light-scattering surface.
After light strikes an object, it is reflected as a function of the surface properties
of the object as well as the angle of incoming light. This interaction is the
primary contributor to the object's brightness and forms the basis for its color.

Lowest common denominator for all geometry.
[ = Tdkdcos |
—Id = intensity of light
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— kd = coefficient of diffuse reflection

Specular Reflection:

The specular reflection component gives objects shine and highlights it.
This is distinct from mirror effects because other environment objects are not
visible in this reflection. Instead, it creates bright spots on the objects based
upon the intensity of the specular lighting component and the surface’s specular
reflection coefficient. :

{t models shiny and glossy surfaces (like metal, plastic) with highlights.
The intensity of reflectance with reflected angle. An ideal specular surface
(mirror) reflects light in one direction exclusively. The glossy objects are not
ideal mirrors and reflect in the immediate vicinity of R. '

I=Taka + Ip kd-cos(8) + ks-cosn(a)

8.4 SHADING

Shading in general or in drawing is used to depict the range of darkness by
applying dark shades for dark areas and light shades for light areas. Light
patterns and shaded areas helps in creating the illusion of depth on paper.

" Tn Computer Graphics, Shading is a process of alteration of colour of an
object or a surface or a polygon in 3D scene. Alteration can be done based on
certain things like angle of the surface to a light source or light sources, distance
of surface from light, angle of source to the camera and material properties to
create a photorealistic effect.

Shading is performed by a program called ‘shader’ during the rendering
. process. _ '

Shading model can be used to calculate the intensities and colors to display
on the surface. This model has two main ingredients: surface’s properties and
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properties the of illumination falling on it. Reflectance is a property of surface
which determines amount of incident light reflected and if the surface have
different reflectance for different wavelengths of light, it will appear coloured.

~ Shading model can be divided into three parts, transparency effect,
contribution from diffuse illumination (uniform illumination from alt directions)
and contribution from light sources.

E is a Shading term to find total energy. commg from a point of an object
and all three parts contribute in it. It is the energy that should generate by a
display to show realistic image of an object

oo uddemtry N -

Fig.8.2

The simplest form of shading is diffuse illumination and is given as:-

Eps=Ry Ia

Where Epd is the energy coming from point P due to diffuse illumination. 1 is
the diffuse illumination falling on thc entire scene, and R, is the reflectance
coefficient at P,

Shading Techaiques:

A Surface Normal is often needed for lightning computation during
Shading. There are 2 main techniques of shading narretv, Flat Shading and
Smooth Shadmg ' '

Flat Shadmg.

It is one lightning calculation per polygon. Lightning is evaluated only once
for each polygon that too usually for the first vertex of the pclygon, assuming
that all polygons are flat and surface of polygon is normal. The computed colour
is used for whole polygon and makes the corners sharper. Here the colours
change discontinuously at polygon borders and this technique is usually used in
advanced shading techniques.
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Smooth Shading:

In contrast to flat shading, here colours change pixel by pixel, resulting in
smooth colour transition between two adjacent polygons. Values are usually
calculated at the vertex and bilinear interpolation is used to calculate pixel
values among the vertices of polygon. ' .

Smooth shading is further of two types Gouraud shading and Phong
shading. -
Gouraud Shading:

It is one lightning calculation per vertex. It was deveioped by Gouraud so
named after him as Gouraud Shading. This type of shading renders a polygon
surface by linear interpolating intensity value across the surface. It eliminates

“the intensity disconiinuities that occur in flat shading by coordinating each
intensity values of polygon with value of adjacent polygons along the common
edges.

Following steps are applied to render each polygon surface:-

1. Determine the average unit normal vector at each polygon vertex.

(A ]

To determine vertex intensity apply illumination model to each vertex.
3. Linear interpolate the vertex intensities over the surface of the pblygon.

 'We obtain the normal vector at cach polygon vertex by averaging the
surface normal of all the polygons staring that vertex.

PROBLEMS
1., Gouraud shading interpolates linearly so it can make the highlight much
bigger.
2. Gouraud shading can miss highlights that occur in the middle of a
polygon. :
3. Inaccuracies can become too apparent due to lightning being conducted
only at vertices. :
Phong Shading:

It is one lightning calculation per pixel. It was developed by Phong Bui '
Tuong and named after him as Phong Shading. It is also known as Normal
vector Interpolation shading because for rendering a polygon surface it
interpolates normal vector and then apply the illumnination model. It reduces the
Match-band effect and also displays more realistic highlights on a surface.

Following steps are applied to render each polygon surface:-
i. Determine the average unit normal vector at each polygon vertex.
2. Interpolate the vertex normal over the polygon surface.

3. Apply an illumination model along each scan line to calculate projected
pixel intensities for the surface points.
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Phong shading is able to produce highlights that occur in the middle of a
polygon,

Problem with Phong Shading is that the vertex normal can be incorrect
when calculated as average of face normal but it can be solved by adding more
polygons or by testing for angles and using different vertex normal for adjacent
. polygons.

8.5 RAY TRACING

Ray Tracing is one of the most successful image synthesizing technique
that has a great capability to producc greatest degree of realism virtually which
is much better than other rendering methods. It is based on the idea that
reflection and refraction can be modelled by recursively following the path that
the light takes as it bounces through the real world. Ray Tracing is one of the
rendering techniques used for generating an image by tracing the path of light as
pixels in a plane of the image and simulating its effects when encountered with
virtual objects. When Ray Tracing was invented, the computers at that time
around 1960°s were slow and couldn’t pace up with the highly advanced
technique., But now, as computers are more powerful, and one can say
computation power has improved exponentially, the ray tracing has become one
of the most popular technique.

Where is it used?

It is generally used in the areas where cost to implement is not an issue
and time taken to render is tolerated. It needs a very high cost and time to render
the image. It is used in architecture, it helps the architects to present design
proposals and design which have more realistic rendering. Ray tracing is also
used on a large scale in the theatre, television lighting design and also in
animation.

How Ray Tracing works?

Ray tracing works in two phases namely modelling and rendering. First
the ray tracer models the scene using geometric primitives such as polygons. In
this phase, the algorithm creates objects, defines the eye and the lights, and
determines how each object will look like. This is the first phase which is known
as ‘modelling. In the second phase, image is created out of the resulting
geometric description by applying surface characteristics to the objects. This
second phase is called as rendering.

Types of Ray Tracing:
»  Forward Ray Tracing :

In Forward ray tracing, we follow the light particles also called photons
from the light source to the object. Although forward ray tracing is
accurate, it is the most inefficient because of the reason that many rays
from the light source never come through the view plane and into the
eye. Tracking each and every light ray from the source is a waste because
very few of them will contribute to the final image as seen from the eye.
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Another name of Forward Ray'Tracing is Photon Tracing.
» Backward Ray Tracing :

It is more efficient method of Ray Tracing. In this method, a ray is used
which is created at the eye and passes through the view plane into the
world. The first object this ray will hit, will be the object visible from
that pomt of the view plane. It also allows the light ray to bounce around
and using this it can figure out the shading and colourmg of that
viewpoint in the real world the display it appropriately. '

The drawback of this ray tracing technique is that it only considers the
light rays coming through the view plane in the cye and is contributing in final
image.

Hybrid Ray Tracing

After secing advantages and drawbacks of both forward ray tracmg and
backward ray tracing methods, the recent researchers have come up with a
hybrid solution. In this hybrid Ray Tracing technique, forward ray tracing is
performed only at a certain level. Then the algorithm wiil record the data and
will perform backward ray tracing.

The final result will be a contribution of both the Forward Ray Tracing
and the Backward Ray Tracing.

Hybrid Ray Tracing
Shadowing:

_ ' The areas where the light propagates is easy to-see but the regions where
there is ray of light that has no direct path is difficult to model, for instance area
behind a surface or under an object. The ray tracing model incorporates these
realistic shadows into the final resultant image.

Reflection:

When there is a very highly reflective surface into a scene, we need to
make it look different than the normal object on the scene and it also adds more
ithumination into the scene. The illumination effects on such highly reflective
object must be different from the other normal objects onto the scene.

Transparent objects produce b_ofh reflected and transmitted light. The
requirement here is to modei the transparent objects such as glass.

When we view the glass from one side we should be able to see the light
transmitted from the objects behind the glass and should be able to incorporate
this in our resultant image. This can be done by using the Ray Tracing.

Refraction:

Refraction has to be incorporated in the model to give realistic transparency in
our final image. When we have an object that can refract the light ray or a part of
light is reflected and the other is refracted, in such cases the light is bend and has
to be modelled to give a realistic effect
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8.6 SUMMARY

In this unit we covered several topics related to the Polygon rendering
and ray tracing algorithms which are used to represent the image on the 3-D
surface and use to perform complex operations in a less time using the advance
Polygon rendering then at last we had learn about the ray tracing algorithms
which are predominantly used to simulate the reflection and shadows on the
surface.

8.7 TECHNICAL QUESTIONS

. This section consists of some Techxjical Questions related to the unit;

1. What is Polygon Rendering how it is used for real world 3-D objects?
List the difference between ambient reflection and diffuse reflection?
What is Gouraud shading? How it eliminates the intensity discontinuity
that occurs in flat shading?

5. What is Phong' Shading? What is the advantage of applying the
illumination model at each surface point? S

2
3. Why specular reflection is termed as mirror-like reflection?
4

6.  List the advantages and disadvantages of the Ray tracing.
Multiple Choice Questions: _
1. For which purpose, one needs to apply natural light effects to visible

surface.
a) Fractals
b)  Quad-tree

¢} Rendering
d) None of these
2. The basic ray tracing algorithm provides:
~a)  Transparency
b)  Visible-surface detection
¢)  Shadow effect, multiple light source illuminat;.:n
d) Al of these
3. Ray-tracing is an extension of
a)  Ray calling
b) Ray césting
¢} Ray sampling
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d)

None of these

A fast and simple method for rendering an object with polygon surface is

a) Constant-intensity shading
b) Flat Shading
¢c) Botha&b
d) None of these
A surface rendering algorithm:
a) Is used to calculate the intensity of light that we should see at a
given point on the surface of an object.
b) Uses the intensity calculations to determine the light intensity
c) Scattered light from a rough surface.
d) Light source creating highlights.
| Diffuse reflection is :
a) Is used to calculate the intensity of light that we should see at a
given point on the surface of an object
b)  Uses the intensity calculations to determine the light intensity
¢) Scattered light from a rough surface.
d) Light source creating highlights.
A shading model is:
a) Is used to calculate the intensity of light that we should see at a
given point on the surface of an object
~b)  Uses the intensity calculations to determine the light intensity
¢) Scattered light from a rough surface
d)  Light source creating highlights
In the equation j= (1-kt) Trefl + ktltrans‘ :» Itrans refers to:
a) Intensity |
b) Transmitted intensity
¢) Reflected intensity
d) Transparency coefficient
In the equation j= (1-kt) frefl + ktitrans :: kt refers to:
a) Intensity
b) Transmitted intensity
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¢) Reflected intensity
d) Transsparency coefficient
10. In the equation j= (1-kt) Irefl + ktltrans :: Irefl refers to:

a) Intensity

b) Transmitted intensity

¢) Reflected intensity

d) Transparency coefficient |
Answers:

1. C

2. D

3. C

4. C

5. B

6. C

7. A

8. B

9. D

10. C
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ROUGH WORK
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