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FOREWORD

Computer Graphics is one of the most exciting and rapidly
growing fields in computer science. Some of the most sophisticated
computer systems in use today are designed for the generation
of graphics displays. We all know that value of a »icture as
an effective means for communication, and the ability to converse
pictorially with a computer is revolutionizing the way computers

are being used in all areas.

From the display of text to the Computer aided design
of bridges, frem  business graphics to dazzling conputer art
compositions, from video games to  flight simulators for et
aircraft: The field of computer graphics and its application
presents new vistas and challenges to these who believe in the
promise of the Computer as a tocl for bearning, discovering,

and creativity.

The study of Computer graphics calls for an understanding
cf Computer and display technclegies and a seolid crounding
in two-and three-dimensional analvtic geometry. This is ¢ be
combined with a knowledge of matrix operations, data structures,

and algorithms.



In this Particular Project we have socught to construct
various projections and views of some 3-dimensional object c.g.
a cube using simple but powerful mathematical technlques as

well as the dexterity of the 'C' programming language.



INTRODUCTION

1.1 DEFINITION

Computer Graphics is the creation, storage and manipulation
of modules of objects and, their picture via computer, Iateractive
Ccomputer graphics is the important case in which the pictures’
contents, format size or color on a display screen are dynamicallv

controlled.

1.2 APPLICATIONS

Computer Graphics 1s used in many different arezs of
industry business, Government education, entertainmant and in
advertising. The list of application is enormous and growing
rapidly as simple display devices become routinely aZfordable
Complex data in the computer are effectively communicatea -o

user threugh computer graphics.

Graphics are most frequently wused to draw two dimersior
(2D} or 3D graphics of mathematical, physical and =2conom:ic
functicns, histograms, bar and pie charts, task scheduling charts,

inventory, and production charts.

Computer Graphics is also concerned with the svnthesis



pictures of real on imaginary objects, the related field of image
processing treats the converse process, the analysis of scenes
on reconstruction of two or three dimension objects from their
picutres . Sub areas of image  processing are called image
enhancement, pattern detection and recognition on scene aralvsis
and computer vision depending on the major objectivas. These
includes improving the image by eliminating 'noise’ enhancing
contrast, detecting and classifying standard patterns, fincing
deviations from standard patterns, or ecven recognizing three
dimensional models on objects in a scene from several wo
dimensional image. The high resolution raster display makes
interactive image processing to transformation of continuous <onc

images.
1.3 PICTURE CREATION

The picture is created by defining important points in
the object and applying operation on the points like connecrion

face formulation, surface formulation etc. The sealing rarametars

are applied to make the real system fit or the computer.

1.4 USER INTERACTION

Input devices such as keyboard tablet, joystick lightpen



and mouse are used to communicate to the system interactively.
Output devices such as high resolution matrix printer. bpioctter,
film recorder are extensively used to store graphical information

permanently.

1.5 REASONS FOR CHOOSING THE LANGUAGE'C'

Among all the computer languages, dead and alive 'C° ~olds
a unique place - people either love it or detest it distraction.
There are no neutral parties here! 'C' has become defacto
standards in many government and engineering fields, and ir ras
gradually moved from minicomputers and mainframes inte <he
computer arena as ¢ PU have become more powerful anc caparcle

of supporting larger memories.

'C" offers access to the machine level with a rare hield
of efficiency and elegance but sometimes the conciseness ol tae
language encourages a Cryptic cleverness that ninders
maintainability.

The portability of 'C' programs stems from 'C's usc of
function 1libraries for such machine - dependent operation &s
I|0 an area that bedeviled the growth of single standard pasca .
Since 'C' is a small core - language unlike say, PL|l or ila

there are surprisingly few keywords to learn. On the otter nard



'C' is richer in operators than most languages. Particularly

there are several operators that work at the bit level.

1.6 SUMMARY

In this introduction, definition of  computer graphics,
application on various fields have been dealt with. An introduction
to designing objects, and the advantages of using 'C' has been

given. Some of the interactive devices are also listed.



CHAPTER 2

OVERVIEW OF GRAPHICS SYSTEMS

2.1 DISPLAY DEVICES

Computer systems can be adopted to graphics applications
in  various ways, depending on the hardware  and software
capablities. Interactive systems use some type of video wmonitor
as the primary output devices. The operation of most vicec
monitors is based on the standard cathode Ray Tube [LRT]
design, but several other technologies exist. The different display
devices in wuse are: Refresh cathode Ray Tubes, Rardom-Scan
and Raster-Scan Monitors, Color CRT Monitors Direct-vieu storage
Tubes, Plasma-Panel Displays, LED and LED monitors, iaser

Devices and Three - Dimensional Monitors.

Z.2 HARD - COPY DEVICES

Many graphics systems are equipped to produce hard-copy
output directly from a Video monitor in the form of 35 mm siides
on overhead transparencies. Hard copy pictures can aisc re

obtained by directing graphics output to a printer on plotter.



O

a. Printers

Printers produce output by  either impact or nonimpact
methods. Impact printers press formed character faces against
an inked ribbon on toc the paper. The familier line printer is
an example of an impact device. Nonimpact printers are faster
and quieter and often use a dot-matrix to print characters or

draw lines.

b. Plotters

These devices produce hard - copy line drawings. The
most commonly encountered plotters use ink pens to generate
the drawings. The different types of plotters in use are: fiathed

plotters, drum plotter and beltbed plotter.

2.3 DISPLAY PROCESSORS

Interactive graphics systems typically employ two or more
processing units. In addition to the Central processing unit or
CPU, a special purpose display processor is used tc irteract

with the CPU and control the operation of the display devices.



With refresh CRT systems, the display processcr may zlso
be required to cycle through the picture definition, refreshing
the screen  often enough to  eliminate  flicker. The picture
definition is kept in a refresh storage area. On many systems
this screen - refreshing task can be assigned to an additicnal
processor called the display contreller. This allows the cisplay
processor to devote full time to other functions. Different tvones
of display processor systems in use are Random-Scar systems

DVST systems and Raster scan systems.

2.4 GRAPHICS SOFTWARE

Programming commands for displaying and  manipulating

graphics output are designed as c¢xtensions to existing _anguages.

a. Coordinate Represenations

Most graphics packages are designed to use cartesian
coordinate systems. The Coordinates referenced by a user are
called works coordinates, and the Coordinates used by a
particular output device are called device coordinates or Screen

Coordinates in the case of video monitor.
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b. Graphics Functions

A general purpose graphics package provides users with
a variety of functions for Creating and manipulating pictures.
These routines can be categorized according to whether they
deal with output, input, attributes, segment  transfcrmations,

viewing or general control.

2.5  GEOMETRICAL TRANSFORMATIONS

“

Geometrical transformations are lmportant in graphic
change the positions, size and view. Depending cn the dimensiong
in which it is applied it is called as ZD transformation or 39
transformation.  Transformations-translation rotation and scaling
are used to move a point from one place to another. Scaling
is applied to scale up or scale down object size by scaling

point coordination. Rotation is used to rotate a point about =

particular point or axis.

2.5.1. 2D Transformation

When an operation is made on a print which has two axes,
then the transformation is called 2D transformation. The <ransia-

tions are discussed in the following sections.



Translation

Movement of x and y points by tx and ty respectively
are

x!' = X + tx

et
I}

y + ty

I i ]
X! 1 J t\(j X
y' = O l ty v J
| 0 0 1 i
L _ L A
Translation of figure 2.1 with tx = 40 and tv = 40 :s shown

in Figure 2.2

Rotation

Rotation of a point x, y to © degrees are

-
il

X COS -y sin®d

ro= X sin + cos €
Y



X! Cos o - s5in O 0 1 F X

y! = Sin o Cos @ 0 .2.2)

Rotation of Figure 2.1 with € = 30 degrees is shown in Figure 2.3,
Scaling

Scaling of a point x, y by Sx and Sy respectively are

X' = X Sx
y'' = y Sy
B 7 N
x! Sx 0 3 X
i
|
y! = 0 Sy 0 y Z.3)
0 0 ol
2oL
Scaling of Figure. 2.1 with Sx = 1 and Sy = % is shown in

Figure 2 .4.



2.5.2 3D Transformation

(93}

When an operation is made on a point which has

coordinates then transformation is called 3D transformaticn.

Translation

Movement of x, y and =z points by tx, ty and tz respectively

are

X! - N !
! ; |
o
y' 0 1 0 oty oy
! 5 20
= ; PR VAN
z! 0 0 1 tz z
|
1 0 0 0 1 R
L L 4 L
Translation of object in Figure 7.5 with tx = 5, &ty = 1p

is shown in Figure 2.6.

Rotation

Notation of a point x, y and z about each axis is caleulated

separately. The matrix representation is as follows
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ROTATION ABOUT AN ARBITRARY AXIS L DEFINED BY A DIRECTION

VECTOR V AND A LOCATION POQINT P

The required transformation can be found by the following

steps
1. Translate P to the Origin.
2. Align V with the Vector k.
3. Rotate by about k.
4. Reverse steps 2 and 1.
So,
N -1 -1 » e
RO.L — T'P - A'\f . R ,k . A\,‘ . .._p T .w.,hj

where R K and T_p refer to Rotation and Translation matrics
>
defined earlier. Here AV 1s the alignment transformation whizh

is described in the following section

TRANSFORMATION AV WHICH ALIGNS A GIVEN VECTOR i wITH

THE VECTOR k ALONG THE POSITIVE z - AXIS
Let V = al + bJ + ¢K

Alignment is performed through the following sequence  of

transformations.
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Refer Fig. 2.7, 2.8, and 2.9.

1. Rotate about the x axis by an angle @1 so that V rotates

into the wupper half of the xz plane (as the veztor V.).

Z. Rotate the vector V, about the vy axis by an angle -0,
s¢ that Vl rotates to the positive z axis (as the vecoor
MZL

Implementing Step 1 from Figure 2.8, the rcquired angle
of rotation ©, can be found hy looking at the projection of ¥
onto the yz plane. (by assuming b and ¢ are not both -erc:.

From triangle 0P 'B'.

. b c
Sin @ L —— Cos o = B
! (b2 + ¢t ! (b2 + o203

The required rotation is

1 0 0 '
C -b
O . e
(b2+C2)J‘ \b2+C2)J5
RO I =
1
b C
0
(b2+c“)‘ {b2+c2)%
0 {0 0
|




1

>

Applying this rotation to the vector V produces the vector V,

with the components (a, 0, (b” - O,

Implementing step 2 from Figure 2.9, we see taat

a rotation of - @2 degrees 1s required, and so from triangle
QQQ", we get
Sin (-8) = -Sin, = - 32— and
(a“=b“+c™) "
2 24}
(b™ + ¢7)-

2 2-%
(b™+c") 0 -a 0
(alrblacdy? (a2-p7ec?)
0 1 0 0 |
RO ,'J=
) ”
: a 0 (b5+c?) 0
(a’+b RESE (a“+b2+c2)§
0 0 J 1
5 ]
_ 22 24 . . A
Since |V| = (a” + b + ¢")? and introducing the notation

A= (bz + cz)%, we find



-ab -ac
AV |V
c -b
A A
b <
V] |V
0 0

If beth b and ¢ are zero, then V

case,

if @

vV

+ 90°

rotation about

0, it follows that

= al, and So

the v axis

0
0
AR
0
|
|
|
|
I
|
= 0. In this

1s requirec.

So

[
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In the same manner we calculate the inverse transformation that

aligns the vector k with the vector V.

-1 -1 -1
A = (R R ) = R R .
v -ez, J 61, ] 01, I - OZ, J
N N
A 0 _a 0
|V V]
-ab % b 9
V] v
At oo )
V — —-
-ac _—_b C 0
AV " V]
] 0] 0 1

40° 1s shown in Figure

Rotation of object in Figure 2.5 with

2.6(b).



Scaling

Scaling of a point x, y and z by Sx, Sy and Sz respectively

are
— /] — - [_' -
x! Sx 0 0 0 X
y'! 0 Sy ] a y
= P2,
z! 0 0 Sz 0 z :
1 0 0 0 1 | 1 ;'
L _ L J _

Scaling of the object in Figure 2.5 with Sx = ¢, Sy = (.5

and Sz = 0.5 is shown in figure 2.6b.

2.6 SUMMARY

On the whole the choice of a particular graphics system wouid

depend on the job at hand.



CHAPTER - 3

PACKAGE OUTLINE

3.1 INTRODUCTION

This package was developed on a LAN (Local Area Network)
environment using a single colour terminal with a built-in CGA
board. The network was centered around an MS-DOS Operating
System and enhanced using interplacing made possible with the
help of a TURBC Editor (TURBO-C Version 2.0). This package
which takes up40KB of memory has a built-in user frierdiy Menu

that allows fast and efficient execution of various modules.

3.Z PURPOSE

This package aims at enabling the user to perceive varicus
views of some six sided object based upon his position with
respect to some reference origin and in relation to some user
specified view plane. Various views are made possible and any
one view may be seen at a time. Of the possible views =w3
broad categdries are the perspective and parallel projections

(Refer Table 3.1).

Among the parallel projections, the most common views

are the isometric, the plan, the elevation and the side vieuw.

i9
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Hence these have been assigned a distinctive portior (tablet)
of the display menu. The perspective projection can be of the
1 vanishing point, 2 vanishing point or 3 vanishing point tyne,
the choice of which 1is left to the discretion of the user and
which will further be based upon his specification of view nlane

and view point.

Less commonly wused views such as Dimetric, Trimetric
{axonometric}, cavalier, cabinet (oblique) can also be seen bHut
depend to a large extent on the user's knowledge of their

categorial placing within the spectrum and parallel »rojecticns.

Rotation, Translation and Scaling, in 3-dimensions i.z.,
before projecting onto a view plane, are also possible anc each
of these transformations have been allotted a specific table:

on the Menu.

3.3 ATTRIBUTES

a. The elimination of hidden lines

The need for eliminating hidden lines, edges, surfaces
or volumes 1is illustrated in figure 3.2. Figure 3.2 a shows &
typical wire frame drawing of a cube. A wire frame drawing
represents a three dimensional object as a line drawing cf i:s

edges. Figure 3.2z can be interpreted either as a view of <The



[
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cube from above and to the left or from below and to ~he right.
The alternate views can be seen by blinking and refocusing the
eyes. This ambiguity can be eliminated by removing the lines
or surfaces that are invisible from the two alternate view points.
The results are shown in Figure 3.2b and 3.2¢c. The complexity
of the hidden 1line/hidden surface problem has resuited i a
large number of diverse solutions.Many of these are for specialized
applications. There is no best solution to the hidden line/hidden

surface problem.

Hidden line/Hidden surface algorithms can be classified
based on the coordinate system or space in which thev zre
implemented. Object space algorithms are implementecd in the
physical coordinate system in which the objects are described.
Very precise results, generally to the precision of the machine
are available. These results can be satisfactorily enlargec many
times. Object space alogirthms are particularly useful ir precise
engineering applications. Image space algorithms are implemented
in the screen coordinate system in which the objects are viewed.
Calculations are performed only to the precisicn of th2 screan
representation. This - is generally very crude, typicaziv 5.2 x
512 integer points. Scenes calculated in image space and signifi-
Ccantly enlarged do not give acceptable results. E.g. the end
points of 1lines may not match. List priority algorithms =zve

partially implemented in both coordinate systems.



Theoretically, the computational work for an object space
algorithm that compares every object in a scene grows as the
number of objects squared (nz). Similarly the work for an image
space algorithm which compares every object in the scene with
every pixel location in screen coordinates theoretically grows
as nN. Here, n is the number of objects (volumes, planes 2r
edges) in the scene, and N is the number of pixels. Theoretically,
object space algorithms require less work than image snace
algorithms for n N. Since N is typically (512)2, most algorithrs
should theoretically be implemented in object space. In practice,
this is not the case, image space algorithms are more =fficient
because it is easier to take advantage of coherence in a raster

scan implementation of an image space algorithm.

Since the object iIn question is a solitary one, an object
space hidden line algorithm was implemented in this particular

package.
3.3.a. Color

Color is both a psychophysiological phenomenon anc =z
psychophysical phenomenon. The perception of color depends
upon the physics of light considered as electromagnetic energy
and its interaction with physical materials, and on the interprc-

tation of the resulting phenomena by the human eye-brair visual



=2
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system. The human visual system interprets electromagnetic energy
with wave lengths between approximately 400 and 700 ranometers
as visible light. A nanometer (nm) is 1077 meter or a billionth
of a meter. Light is perceived either directly from a source
of illumination, eg. a light bulb or indirectly by reflection from

the surface of an object or refraction through an object.

When perceived light contains all the visible wave lengths
with approximately equal weights, the light source or object
is achromatic. An achromatic 1light source appears white when
the reflected or transmitted light from an object is achromatic,
it appears white, black, or an intermediate level or shade of
gray. Objects that achromatically reflect more than about &(%
of the incident light from a white light source appears white.
Those that achromatically reflect less than about 3% of <he
incident light appear black. Intermediate achromatic reflectarce
levels yield various shades of gray. It is convenient to consider
the intensity of the reflected light in a range between J and

1, with 0 equated to black and 1 to white. Intermediate values

are gray.

5.4 SUMMARY

Although the package developed has a restricted set of

L

attributes, it affords a wide variety of viewing transforms with

minimum complexity involved. Hence the overall simplicity ailow

i

fast and easy access.



CHAPTER - 4

DESIGN AND REPRESENTATION OF OBJECTS IN 3D

4.1 INTRODUCTION

Before analysing an object using the computer, it should
be represented in the form of data understandable by computer.
Geometric transformations like translation, scaling are the heart
of many graphical systems. Hence, the important geometrica
properties of the object should be incorporated in the designing
package, such that the object can be viewed from different
directions with different transformations. Designing of 3D objects
are difficult compared to 2D because of more points znd more
faces involved, perspective transformation, visible and hidcen
surface manipulations and more storage requirements in 3D. The
coming sections describe the necessary theoretical aspects, which

is useful to the design of software.
4.2 THE VARIOUS KINDS OF PROJECTION

We can construct different projections according to the
view that is desired. Table 3.1 provides a taxonomy of the

families of perspective and parallel projections.

24
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4.2.1. Perspective Projection

a. Basic Principles

The techniques of perspective projection are generalizations
of the principles used by artists in preparing perspective
drawings of 3-dimensional objects and scenes. The eye of the
artist is placed at the centre of projection, and the canvas,
or more precisely the plane containing the canvas, becomes the
view plane. An image point is located at the interssction of
a projector (a ray drawn from an object point to the centre

of projection) with the view plane. {Refer Figure 4.1).

Perspective drawings are characterized by perspective
foreshortening and vanishing points. Perspective foreshortening
is the illusion that objects and lengths appear smaller as their
distance from the centre of projection increases. The illusica
that certain sets of parallel lines appear to meet at & Doint
1s another feature of perspective drawings. These points zre
called vanishing points. Principal vanishing points are formed
by the apparent intersection of lines parallel to one of the three
principal X, y or z axes. The number of principal vanishing
points is determined by the number of principal axes intersected

by the view plane.
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b. Mathematical Description of a Perspective Projection

A perspective transformation is determined by prescribing
a centre of projection and a view plane. The view plane 1is
determined by its view reference point RO and view plane Normal
N. The object point P is located in world coordinates a+ Tx,
Y, z}. The problem is to determine the image point ccordinates

P(x', y', z'). Refer Figure 4.1.

Example

The standard perspective projection is shown in Figure
4.2. Here the view plane is the Xy plane, and the centre of
projection is taken as the point C(0, o, -d) on the negative

Z axis.

Using similar triangles ABC and A'OC, we find

The perspective transformation between object and image
point is non linear and so cannot be represented as 3 x 2 matrix
transformation. However if we use homogeneous coordinatss, thre

perspective transformation can be represented as a 4 x 4 matrix.



T B ] B R
X’ d.x d 0 0 0 X
y' d.y 0 d © 0 v |
z! 0 0 0 0 0 z
1 z+d 0 0 1 d 1

L L - _ B S

4.2.2. Perspective Anomalies

The process of constructing a perspective view introduces
certain anomalies which enhance realism in terms of depth axes

but also distort actual sizes and shapes.

1. Perspective foreshortening

The farther an object is from the centre of projection,
the smaller it appears (ie. its projected size becomes smaller).

Refer Figure 4.3.
2. Vanishing points

Projections of lines that are not parallel to the view
plane {i.e. lines that are not perpendicular to the view plane
normal) appear to meet at some point on the view plane. A common
manifestation of this anomaly is the illusion that rail road t-acks

meet at a point on the horizon.



3. View Confusion

Objects behind the centre of projection are projected upside

down and backward onto the view plane. Refer Figure 4.5.
4. Topological Distortion

Consider the plane that passes through the centre of
projection and is parallel to the view plane. The points of this
plane are projected to infinity by the perspective transformation.
In particular, a finite line segment joining a point which ilies
in front of the viewer to a point in back of the viewer 1s actual.ly

projected to a broken line of infinite extent. Refer Figare 4.¢6.

Example

For the standard projection, the projecticns Ll' and L.°

of parallel lines L, and L, having the direction of the vecter

K appear to meet at the origin. Refer Figure 4.4.

4.2.3.  Parallel Projection

Basic Principles

Parallel projection methods are used by drafters and

engineers to create working drawings of an object which preserve
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its scale and shape. The complete representation of these details
often requires two or more view (projections) of the object onto

different view planes.

In parallel projection, image points are found as the inter-
section of the view plane with a projector drawn from the objiect
point and having a fixel direction. Refer Figure 4.7. The direction
of projection is the prescribed direction for all projectors.
Orthographic projections are characterized by the fact tha* the
direction of projection is perpendicular to the view plane. Wren
the direction of projection is parallel to any one the principal
axes, this produces the front, top and side views of mechanical
drawings (also referred to as multiview drawings). Axonometric
projections are orthographic projections in which the direction
of projection is not parallel to any of the three principal axes.
Nonorthographic parallel projections are cailed oblique vparaliel

projections. Refer Figure 4.8.

4.2.4, Mathematical Description of a Parallel Projection

A parallel projective transformation is determined bv
prescribing a direction of projection vector V and a view piane.
The view plane is specified by its view plane reference point
Ro, a view plane normal N. The object point P is located &z-

(x, ¥, zJ) in world coordinates. The problem is tc determine
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the image point coordinates P1 (x", ¥'", z'). Refer Figure 4.7.
If the projection vector V has the direction of the view

plane normal N, the projection is said to be Orthographiz. Other-

wise it is called oblique. Refer Figure 4.8.

4.2.5. Some Common Subcategories of Orthographic Projections are

1. Isometric - the direction of projection makes equal
angles with all of the three princiral
axes.

2, Dimetric - the direction of projection makes equal
angles with exactly two of the principal

axes.

3. Trimetric - the direction of projection makes unequal

angles with the three principal =zxes.

Some Common Subcategories of Oblique Projections are

1. Cavalier the direction of projection is chosen
so that there is no foreshortening of

lines perpendicular to the xy ©pianc.



2. Cab

inet

the direction of projection is <chosen
so that lines perpendicular to the Xy
planes are foreshortened by half their

lengths.

4.3 GENERALIZED PROCEDURE FOR PERSPECTIVE TRANSFORMATION

The perspective projection onto the view plane z = d where

the center of projection is the origin (010101). The projection

Matrix is

Per

K,Ro

(Refer Figure 4

.

We can conclude that the vectors PC and P'C (refer Fig. £.10)

satisfy

PC then

(x - a) + a

(x - b) + b

{(z - c) +¢c

.9)
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Also, we find (by using the equation of the view plane) that

- -a
@ nl(x—a)+n2(y—b)+n3(z—c]

[ie. Yo (xt ! z'} is on the view plane and thus satisfier
s P s Y P

the view plane equation nl(x’—xo) + nz(y’-yo] +ong (zt-z_ 0

Here, d = (nlxo N,y ¥ 1’1520) - (nya + n,b o+ nsc)
d is proportional to the distance D froem the view nlane

to the centre of projection, that is ¢ = #|{N/D

TO FIND THE HOMOGENEOUS COORDINATE MATRIX REPRESENTATION

IT IS EASIEST TO PROCEED AS FOLLOWS

1. Translate so that the centre of projection C lines at +the
1g3 1 - - N - - o

origin. Now R o - (xo 4, ¥, b, Z, c) becomes tha
reference point of the translated plane (the normal vector

is unchanged by translation).

2. Project onto the translated plane using the origin as tre
center of projection by constructing the transformation
PerN’R1



[
|3

3. Translate back.

Introducing the intermediate quantities

d - MXe * MYy * M224
and d1 = n,a + nzb *+ ngc
We obtain d=do - dl’ and so PerN,RO,C = TC . PerN’RO_ I

Then with R’O used as the reference point in constructing the

3 T r
projection PN' RO

—- -
d+am1 an, an3 —adO

bn1 d+bn2 bn3 —bdg

c:rl1 cnz d+cn3 -cdO ﬁ

-d !

nl nz n. l J



4.4 GENERALIZED PROCEDURE FOR PARALLEL PROJECTION

The intersection point of a line segment determined by
two points. Pl(xl,yl,zl) and Pz(xz,yz,zz) and a given plane

is given.
Let N = nlI + nZJ + n3K be the normal vector to the plane

and PO(XO, Yoo zo) a point on the plane. The equaticn cof tre

plane is then

nl(x—xo) + nz(y—yo) + n3(z—z0) = 0

1s

The equation of the line determined by P1 and P2

= - i
X X+ (xz xl,t

g
Il

Yy * (YZ - let

z = zy + (22 - 7yt

Substituting there equations into the equation of the »lane, we

have

O

n[x, =+ (x, - x; )t - x b+ m, [y, + (y, - Yot -y ]

+ ns[zl + (ZZ _bl)t - ZO] = D



Solving for t, we find

~

ny (g - ox) +onplyy -y ) eong(ey -2

- _ b
nlxg = oxd emplyy - oyp) v nslzy -2y

Calling this number t_, we find that the intersection point

I)

PI(XI’ Y1 zl) is

X{ = Xy + (xz - Xl)tI
yI = yl + (YZ - Yl)tl
r ° g+ (25 - 2oty

If 0 <t <1 the intersection point lies on the line segment

I-

between Pl

line.

Note that the number tI can bhe written in vector

as

and PZ. Otherwise, the intersection is on the extended

form
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4.5 VIEW PLANE TRANSFORMATION

4.5.1. Three-Dimensional Viewing

Three-dimensional viewing of an object on picture requires
the specification of a projection plane (called the view plane

and a center of projection (or view point).
4.5.2. Specifying the Projection Plane
The projection plane is specified by prescribing

1. a reference point Ro(xo, Yy zo) in world coordinates anc

O’
2. a Unit normal vector N = nll + nZJ + nSK, IN| =

to the projection plane
Refer Figure 4.11

From this information, we can construct the projections
used in presenting the required view with respect to the given

view point.
4.5.3. View Plane Coordinates

The view plane coordinate system Can ke specified zs

follows:



N

|

1. Let the reference point R_ (xo, Yo» I, be the origin

of the coordinate system and

2. Determine the coordinate axis.

>

To do this, we first choose a reference vector U calied

>
the up vecture Jq can then be determined by the projection
of the Vector U onto the view plane. We let the vector fq define
the direction of the positive q axis for the view plane coordinate

N
system. To calculate Jq we proceed as follows : with N bheing

the view plane unit normal vector.

U - (N.U) N. Then

let U =
-q
-
iJ
J = S
a 1

is the wunit vector that defines the direction of the positive

q axis.

Refer Figure 4.12

Finally, the direction vector +Ip of the positive F axis

is chosen so that it is perpendicular to jq’ and by conventicn,
-+ > -

so that the trial _Ip, Jq and N forms a left-handed coordina-e

system. That is
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co

The coordinate system is called the view plane coordinate

system. This is shown in Figure 4.13.

Right-handed world coordinates (x, ¥, z) can be changed
to left-handed view-plane coordinates {x', y', z') by rerforming

the transformation : (Refer Figure 4.13b).

X! = X
Tre - o=y
z! = z

In matrix form, for homogeneous coordinates:

- _
1 0 0 0
0 1 0 o |
TaL -
0 0 -1 0




i
Bel

The general transformation for changing from worlc to view
plate coordinates is developed in the following section and it

is shown in Figure 4.13.

The world coordinate axis are determined by the right

handed trial of wnit vectors [I, J, K.

The view plane coordinate axis are determined by the
> > -5
left-handed trial of vector (Ip, Jq, N) and the view reference
point R_ (xo, Yo zo).
Referring to Figure 4.13 we construct the transformation

two through the concatenation of the matrix determined oy

the following steps

1. Transiate  the view plant reference point RO (xo, Y

zo) to the world coordinate origin via the translaticn matrix

- > A
Tv' Here V is the vector with components —on—y‘qJ‘zn_f‘(.
2. Align the view plane normal N with the vector -X (the

direction of the negative z axis) using the transformation

AN—K.

N Sk
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t
Let 1 be the new position of the vector Ip after performing

the alignment transformation i.e.

-> -

I = A - K . I

p n D

-+t -+
3. Rotate Ip about the z axis so that it aligns with I, the

direction of the x axis. With being the angle between
> -+
I

I-IJ and I, the rotation is R © K
4, Change from the right-handed coordinates to left-handed
coordinates by appllying the transformation TRL' Then Tw_ =

TRL’ R, k, AN—K’ Tv' If (xw, Yo zw) are world
coordinates (Xv’ Yo zv) of P can be found by applying

the transformation TW v

4.6 HIDDEN LINE REMOVAL
4.6.1 Introduction

The Roberts Algorithm represents the first known solution
to the hidden line problem. It is a mathematically Elegent soiution
which operates in object space. The algorithm eliminates <he
edges or planes from the volume that are hidden by the vclume

itself.



4.6.2. Mathematics behind the Roberts Algorithm

The Roberts algorithm requires that all volumes or objects
in a picture be convex. Concave volumes must be subdivided
into component convex volumes. The algorithm considers a convex
planar polygonal volume to be represented by a collection cf

intersecting planes. The equation of a plane in 3 space is D.
ax + by + cz +d = O

In matrix notation the result is

or [x y z 1] Ip

Where [P]T = [a b ¢ d] represents the plane. A convex solid
can thus be. represented by a volume matrix of plane equation

coefficients e.g.



al a a,

bl bZ bn
[V] =

Cl 2 “n

d1 dZ Cln

where each column represents the coefficients of single plane,

If [S] (a general point in the space) is one the nlane
then [S] . [P] = 0. If [S] is not on the plane, the sign o7
the dot product indicates which side it is on. The Roberts
Algorithm uses the convention that points on the side of a plane
corresponding to the inside of a volume yield positive dot

products.

A technique due to Martin Newell gives both En  exact
solution for the plane equation for planar polygons and a hest
approximation for almost planar polygons If a, b, c, d are

the ccefficients of the plane equation, tii:n

n
a = Z {v.

i - YJJ (Zi + Z')
1=1

]



where

if i = nthen j = 1 else j = i + 1 and

d is obtained using any point in the plane.

Selecting the Test Point

If the view or eye point is at intinity on the positive
z axis looking towards the origin, then the view direction ‘s
towards negative infinity on the z axis. In homogeneous coordinates

this vector is represented by
[E] = {0 0 -1 0]

[E] also represents the point at infinity on the negative z axis.
In fact [E}_represents any point on the plane at z = <« ig..
any point (x, y, - = ). Thus, if the dot product of (E) anc
the plane in the volume matrix is negative, then (E) 1s outside

these planes. Consequently, these planes are hidden with respect

to a view point any where on the plane at 7z = =, and the =*es
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point at Z = is hiddea by the volume itself. This 1s shown

in figure 4.14.

These hidden planes are cllaed self-hidden planes or back

faces. Hence,

identifies self-hidden planes or backfaces. For exoncmetic
projections (eye 'point at infinity) that is equivalent looking

for positive values in the 3rd row of the volume matrix.

An efficient implementation of the Roberts Algorithm 1s

given below

An algorithm assumes that a volume consists of polygonal
planar faces, the faces consist of edges, and the edges consist
of individual vertics. All vertices, edges, and faces are asscciated

with a specific volume.

4.6.3. Algorithm

To eliminate the self-hidden pilanes.

For each volume in the scene.

Calculate the plane equation for each face polvgon

of the volume.
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Check the sign of the plane equation.
Calculate a point inside the volume as the average of the
vetrices.

Calculate the dot product of the plane equation and the point

inside the volume.

If the dot product is 0 change the sign of theplane equation.
Form the volume matrix.

Identify the self-hidden planes.
Take the dot product of the test point at infinitv and
the transformed volume matrix.

If the dot product is 0, then the pilane is hidder. Elininate

the entire polygon forming the plane. This .:liminates the necessi:v

for separately identifying hidden 1lines as the intersection of

two hidden planes.

4.7 STORAGE STRUCTURE

A two dimensional array, M(4 x 8) has been chosen as
the storage structure for the object's vertex co-ordinates where
each column contains the x, y and z vlaues of the vertices.
The columns of the matrix M are ordered as shown in Figure

4.21.

Surface allocation was carried out by assigning appropriate
column of the matrix M to a matrix Sul (6 x 12) based o~ 2

predefined allocation procedure.
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- VARIOUS VIEWS OF A TRUNCATED, SQUARE BASED PYRAMID
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CHAPTER - 5

COMMERCIAL APPLICATIONS

5.1 INTRODUCTION

There are many benefits that result out of the use of this
typical package. Some of the benefits are intangible ref.ected in
improved work quality, more pertinent and usuable informatior, zn
mmproved control, all of which are difficult to qualityv. OUther
benefits are tangible, but the savings from them show up for down
stream us real time application, so that it is difficult te assign a

Rupee figure tc them in the designed phase.

5.2  BENEFITS

5.2.1 Productivity Improvement in Design

Increased productivity translates into a more competative
positicn for a firm because it will reduce staff requiremeats or =
given project. This leads to lower costs in addition to improvine

respones time on projects with tight schedules.

Productivity improvement in design as compared o t-e

traditional design process is dependent on such factors as:

75
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Complexity of the Engineering drawing

Level of detail required in the drawing
Degree of Repetitiveness in the designed parts
Degree of symmetry in the parts

Extensiveness of library of commonly used entities

5.2.2. Shorter lLead Times

Interactive design of objects on a computer 1s inherently
faster than the traditional design process. Accordingly, 1t 1Is
possible to produce a finished set of component drawings and
the associated reports in a relatively short time. The e¢nhancad
productivity of designers working with such systems wil. tend
to reduce the prominence of design, engineering ana.ysis and

drafting as critical time elements in overall lead time.

5.2.3. Design Analysis

The design analysis routines available help to consciicate
the design process into a more logical work pattern. Rather
than having a back-and-forth exchange between design and araiyvsis
groups, the same person can perform the analysis while remaining
at a graphics work station. This helps to improve the cConcentra-
tion of designers, since they interacting with their cesigns 10

a real-time sense. Because of this analysls capability, cesizns



can be created which are closer to optimum. There is a time
saving to be derived from the computerised analysis routines,

both in designer time and in elapsed time.

Since alternations in preliminary designs are generally
easier to make and analyse with a graphics system more <design
alternatives can be explored and compared in the availanle

development time. Consequently, it Is reasonable to believe that

a Dbetter design will result from the computerised design
procedure.
5.2.4. Fewer Design Errors

Interactive computerised graphics systems provide an

intrinsic capability for aveiding design drafting and documentation
errors. Errors can be avoided mainly because such a svster,
with its interactive capabilities can be programmed to question

input that may be errconecus.

5.2.5. Greater Accuracy in Design Calculations

There is also a high level of dimensional controi, Ior
beyond the levels of accuracy attainable manually. Mathematical

accuracy is often to 14 significant decimal places.



5.3 SUMMARY

As can be seen wide ranging applications are possible with
slight modifications made depending on the requirements of the

user.
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CONCLUSION

As has been stated over and over again the simplicity
of this particular graphics package is a plus polnt 1in trhat,
it may cater to a wide variety of was with modifications made

as and when appropriate.

For example, the object in guestion which happens tc bne
a six sided planar figure, may be considered to be a primitive
in the dimension 3 sense. This implies that more and more
complicated structures may be bullt out of varilcus transformat:icns

of the entity in question.

With suitable further alterations to the structural represen-
tation of the data (object vertices, edges, faces),the incorpcration
of a clipping procedure would result in the creation c¢f an o--

sided pianer but convex volume.

This package would thus serve as a model on which more
and more complicated packages may be based. A suitable set
of 3 dimensional primitive would include a cube, a cyiincer,
a sphere, and a cone. From this given set most of the oojects

we observe in day to day life may be constructed using simple
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concatenation techniques. In itself this package would also prove
very useful to engineers and designers by providing a forehand
knowledge of the aesthetic qualities of a design vet to bhe

implemented.
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#finclude
Hinclude

<graphics.h>
<stdio.h>

#Hinclude <conio.h>
#include <dos.h>
#include <math.h>
#include <stdarg.h>
#include <stdlib.h>
#fidefine ESC Ox1lb
char c,cl;

int col,1=0,k,a;
struct viewporttype vp;
int maxx,maxy;
main{)

{
int GraphDriver = CGACO,GraphMode;

initgraph(&GraphDriver ,&bGraphMode,""};

maxx = getmaxx();
maxy = getmaxy();
a=1;

efn(2);

setviewport{0,0,maxx,maxy,1);

getviewsettings(&vp);
rectangle{0,0,vp.right-vp.left,vp.bottom—vp. top-507;
settextstyle(DEFAULT FONT,HORIZ _DIR,2);
cuttextxy(90,70," WELCOME TO DUR GRAPH LAND");

a=1;
c=getchi();
efrn(2);

rectangle(0,0,vp.right-vp.left,vp.bottom-vp.top-25;;
settextstyle (DEFAULT_FONT,HORIZ_DIR,2};
outtextxy (90,20, "VIEWING TRANSFOMATIONS") ;
outtextxy(20,40,"0F A SIX-SIDED OBJECT ");
settextstyle(DEFAULT _FONT,HORIZ_DIR, 1)
outtextxy (200,70, "DONE BY");

settextstyle (DEFAULT_FONT,HORIZ_DIR,1)};
outtextxy (200,85, "SRIDHARAN.S5" ) ;

outtextxy (200,100, "ELVIN MATHEW VARGHESE™ !} ;
outtextxy (200,115, "ARUL.S" ) ;

outtextxy (200,130,"GUIDED BY" ) ;

cuttextxy (200,145,"MISS.6.ANDAL. JAYALAKSHMI "1 ;

a=0;
c =getchi();
efrn{2);

settextstyle(DEFAULT _FONT,HORIZ DIR,1:;
outtextxy (140,70, D0 YOU REQUIRE HELP( Y )/ ( "N }"):
cl = getch{);



if(cl = ‘v ) help{};

== "Y' cl
system("”

srilS.exe”);

3

efn(col)

closegraph{);
exit{1l);
}
else
{
Cleardevice();
setcolor(l);
if(col == 1)
setbkcolor (BROWN) ;
else if{col == 2)
setbkcolor (GREEN) ;
else setbkcolor(CYAN);
iflat=1)
rectangle(0,0,vp.right—vp.left,vp.bottom—vp.to;—SO);
settextstyle(DEFQULT_FDNT,HORIZiUIR,l);
outtextxy(maxx/2,maxy-8, " "Esc Rborts, Press any Kouv fo Copb. .. .5 5.

help()

{
clearviewport();
setviewport(o,o,maxx,maxy,l);
getviewsettings(&vp);
rectangle(0,0,vp.righthvp.left,vp.bottom—vp.top};
settextstyle(DEFAULT_FONT,HDRIZ_DIR,l);

outtextxy(&0,30," 1. SPECIFY VIEW PLANE CO_ORDINATES I
CLOCKWISE ORDER “);
outtextxy(60,50," 2. THE VIEW PLANE CO_ORDINATES SHOULD

NOT BE COLLINEAR") ;
outtextxy(60,70," 3. THE VIEW PLANE SHOULD LIE BETWEEN
VIEW-POINT AND THE OBJECT");
Outtextxy(60,90," 4. DON'T SPECIFY AN UPVECTOR PERPEND-CULAR TC
THE VIEW PLANE");
TO SKIP TO THE VERTICAL COLUMN ©F
THE MENU ,PRESS THE KEY F10";;
outtextxy(60,130," 6. TU COME BACK TO THE MAIN PRUGRAYM , PRESS ESC"
Outtextxy(60,150, "7. MAKE SURE THAT THE OBJECT ALWAYS ( 1o WITHIN
THE SCREEN") ;

&)

outtextxy(&0,110,

getch({);



#include
#include

{stdio.h>
<graphics.h>

#include <dos.h>
#include "myhead.h"
#1f _ STDC_

#define _Cdecl

#else

#define _Cdecl cdecl
#Hendif

/%xTo draw a line using DDA algorithmx/

volid dda(x1l,yl,x2,v2}
float x1,yl1,x2,y2;

{
x11

y1ll
X227
y22z
dx1
dyl

il

if (d

if (dyl < 0) dy

2
1
2

3 %X x1j;
2 X vyl
3 x %23

12 % y23;

x

¥
i

22 — x11;
22 - yv11;
< 0) dx

HoH

1f (dx > dy) len = dx;

else len = dy;

Xxin = dxt /
vin = dyl /
x_1 = x11;
v_1 = yl1li;

for(i=0;i<len;i++)

x 1; v = y_1;
ixel(x,182-v,1);
= x_ 1 + xin;

= yv_1 4+ yin;

-{dxl); else dx
-(dyl); else dy

len;
len;

o

dx1;
dvi;

ka



/*% To draw s rectangle by passing 4 points ¥/

void rect(xl,vl,x2,v2,x3,v3,x4,y4)

float x1,y1,x2,¥v2,x3,y3,x4,v4;

{
dda(x1l,y1,x2,v2):
dda(x2,v2,x3,v3);
dda(x3,v3,x4,v4);
dda(x4,y4,x1,v1);

1

/*To read the co_ordinates of the cubex/
/¥ and to find the maximum of x, v,z values %/

void in_mat()}

{

int col;

1f{scl !'=1)

printf{"\nDo you want to change the co-cordinates of
the cube( 'Y ) or ("N )O\Na");

ch = getch();

if(ch == "Y" ! ¢ch == "y’) system{( 'prog?2.exe" }:

f1 = fopen("inmat.dat”, 'r");
for(col = 0; ecol < 8; col++)

{
fscanf(£f1,"%f %f %f 2f" ,&M[0][col],&M[1]1{col],
&EM[21[col],&M[31[col);
if (M[OJfcol]l > x_max) x_msx = M[0]lcol]:;
if (MfO1[lcol] > x_min) x_min = M{O]{col];
if (M[1][col] > y_max) y_max = M[1][col]l;
if (M[1]3{col] > y_min) y_min = M[11lfcol];
if (M{2][col] > z_max) z_max = M{2)[ccl]:
if (M{23[col] » z_min) z_min = M[2)¥[col ;
1
feclose(f1);
getch();

3
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/% To read the co_ordinates of the view_planex/

void vplane()

{

int col;

printf("\nDo vou want to change the co-ordinates cf
the vi_plane('Y )} or ("N'H\n"};

ch = getch();

if{ch == Y !! eh == "y’') system( "prog3.exe” );
£2 = fopen("plane.dat”,”"r");

for(col = 0; col < 8; col++)

{
3

feclose(f2);
getch();

fscanf(f2,"%f " ,&VP[col]);

/¥Matrix multiplication procedurex/

vold matmul{in_m=stl,in_mat2,cut_mat,rowl,

coll,col2,diml,dimZ2,dim3)

flost in_matlf[],in_mat2{},out_mat{];
int rowl,coll,co0l2,diml,dim2,dim3;

{

int row,temp,col;

for{row = 0; row < rowl; row++)
for{eol = 0; col < col2; col++)
{

*(out_mat + (row ¥ dim3 + col)) = G.0;
for{(temp = (0; temp < coll; temp++)
¥(out_mat + (row ¥ dim3 + col})) +=
*(in_matl + (row X diml + temp))
¥ (¥(in_matZ + (temp ¥ dimZ2 + ccl)));



/4To derive the eguation of 3%/
J¥ planme wsing Martin newell’ = equsbionk/

voaild solve (A)
float ALTILEY:
1
a = (.10 w D= 0.0, = 0,60 H
for (row = O3 row 9 Sn reneptet
i
coal = (rFow + 1Y ¥ A

a = a ¢ ((BL1I0row] = ALLICcaTT) ¥ (ALE1Lrow |
LRIt eal 3y

b= b + ((A21 [ row] - AL2TLaol )Y % (BL0 [[row]
+ ATOT ool s

+ ((ALO]Lrowl — AMOJcall) ¥ (AL rae)
Al eal )y s

[
it
a

[

X
+
SRWOrlad to view _plane transformk /s

T ()

r
L

float ml,m1O,mll, mlZ, 1,2, rk;
float lda,mod_ug,mod_nja.dnr.costh,sinth;

far(row = 0; row 7 43 row+)
for{ col = 03 col < 43 col++)
T
Af{row == cnl)
1
TVlrowllcol ]l = 1.0; A _Klrowdlcol o= 10
F_ 0O Kirowllcoll = 1.0 TRLIrowllcol]l = 1.0;

mlaoel

"'0irowllcoll = 0,0y A EDrow] ool ]l = ooy
R_O_Klrowllocall = O 0: TRILrow]llool i = 0.,

et

TVLOILZY = —-VFLOY g
TVILILEY = =NVPL13:s

TVEZ2I0=E] ~VELE g



DN = ggrt{(doublei(a ¥ a + b ¥ b + o ¥ o1}

a = a / DR;

B = b / DN;

c = < / DN;j;

foar{row = 03 row < 43 row++)
for( col = O3 col < 4; col++)

AN rowllecell = 0.0;

lda = sgrt(i{doublel}(b ¥ b + ¢ ¥ c));

if ('lda)
i
ANLOIEZY = —a / (sgrt((deuble)(a ¥ ali); AN[I1]i{313 =

=ANCOILZ]:y ANLIILET = 1.0;

ANCZ210G]

}
else
L
ANLOITLOT = lda; ANLOIL1] = ~(a % b)Y / lda:
ANCOILZ2] = —(a ¥ ) / lda;i
ANEL1IC01] = c / lday AN[1I02Y = -h / lda;
ANLZ2IL0T = a; ANLZ2I[1Y = bz AN[ZILZ] = c;
ANLEILET = 1.0;
F

printf("\nSpecify vour up vectorin®);
scanf("AfZFLF" 20l  2ul2, Bu3)
cleardevice();

mli = a % vl + b % ul + c % ui;

mlo = ml % a 3 mll = ml X by w12 = ml ¥ c;

twl — mlO; wafod{1l = u2 - mii;
uix — mlZ;

il

ug{o]{o]
uglOlE2]

mod_ug = sgrt{(double}(uqlO]lOoTxug[Ol[0] +
uglOIl13*x wglOIf13 + uglOJl21% uglOILZ27:):

rl = ugfo]lio] 7/ mod_ugs fﬁ = uglwilll /7 mod_uqg;
tgLoJl2]s

i



NJQ{O][0] = (b * r3 - ¢ % r2);
NJQf0l[1] = -(a ¥ r3 - ¢ ¥ rlj;
NJQID]f2) = (a ¥ r2 - b % rl1);

mod_njg = sgrt({(double)(NJQ[O][0]* NJIQTOI[0] +
BJQ[03f1])*x NJQIO}{1] + NJQ[o]jr21xBJQ[0]{2])};

IP[0](0] = KJGLO][0] / mod_njaq;
IP[13(C] = NJQ{O][1] / mod_njq;
IP[2]00] = RJAQ[O0]1[2] / mod_nja;
IP[31(0] = 0O,
for{row = 0; row < 4; row++)
for( col = 0; col < 4; col++)}
A K[row][col] = 0.0;
A_K[13{1] = -1.0; A_K[2][2} = -1.0;
A_K[01f{0] = 1.0; A_K[3][3] = 1.0;

matmul(A _K,AN,AN _K,4,4,4,4,4.4)>;
matmul{(AN_K,IP,IP1,4,4,1,4,1,1);

dnr = sqrt((double)(IP1[0]J[0] * IP1[0][0O]
+ IP1713[0] * IP1[13(C1)>;

costh = IP1{0][0] / dnr;
sinth = IP1[11{0] / dnr;
R_O_XK[0][2] = costh; R_O_K[OQ]{1l] = -sinth;
R_OC_K{1][1] = costh; R_O_K[1][0] = -sinth;

TRL{Z2][2] = -1.0;

matmul(TRL,R_O_K,RE1,4,4,4,4,4,4};
matmul(RE},AN_K,REZ2,4,4,4,4.,4,4>;
matmul(REZ2,TV,RE3,4,4,4,4.,4,4);

19



/*To derive the perspective matrixx/
void derive(xl,yl,zl)

float x1,vl,zl;

{
PN =
a = a / DN;
b = b / DN;
c = ¢ / DN;
dld = a
dl = & *x x1 + b
d = d0 - 4d1;

per_mat[0][0]
per_mat{03[1]
per_mat[C]1[2]
per_mat[0][3]

oo

per_mat{1][0]
per_mat{1]{1]
per_mat[13(2]
per_mat[1][3]

1w

per_mat{2]1[0]
per_mat{2]{1]}
per_mat{2][2]
per_mat[2][3]

[T T Y

per_mat{31(0]
per_mat{3}[1]
per_mat(3]1[2]
per_mat[3]1[3]

sqrt{{double)(a * a + b ¥ b + ¢ % c));

x VP[O] + b *x VP{1] + ¢ ¥ VP[Z];

X vyl + ¢ ¥ zl;

d + x1 * a;
x1l ¥ b;

x1l ¥ ¢;

-x1 * d0;

¥yl * a;

d + v1 ¥ b;
vyl ¥ c;

-yl ¥ d0;

zl ¥ a;

z1l * b;

d + 21 * c;
-z1 * d0;

a;
b;
c;

-dl;

matmul(per_mat,M,out_mat2,4,4,8,4,8,8);
matmul(RES,out_matZ,out_mat1,4,4,8,4,8,8);

for(col = 0;
for(row = 0;

out_mati[row][col]

col < 8;

col++)

row < 3; Frowt+)

= out_matlirowlfcoli / out_matl[3]icoll;



/¥Display RoutineX/
show()

{

sul0OJL[O]
sulOJE1]
sul0I{3]
su{01{4}
su[0][6B]
su[0]1[7]
suf0][9]
su[0][10]

su[1](0]
su[1]J[1]
su{131{3]
su{11{4]
sull1][6]
sufl1]f7]
su[1][8]
su[13[10]

sul2}{0]
su(2](1]
sul2][3]
suf2][4]
suf[Z2][B6]
sul[23[7]
su{2319]
suf{2](10]

sul[3]1{0]
su[3]7[1]
sul31(3]
su(31[{4]
su[3][6]
suf31[7]
su[3]{9]
sul[3][10]

suf{4][0]
suf4][1}]
sul4]3[3]
su{4][4]
sul[431[6]
sufd4]1{7]
su[4][8]
suf{d4][10}

o g
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out matlf{OI[O];
cut mati[13f0];
out_mati[OJ[1];
out_matlf1l[1];
out_matlf0]l[2];
out_matl[1](2};
out_matl[0][3};
out_matl[1]1[3];

out_matifCGl[3];
out_matl[1}[3];
out_matl[0]1[2];
out_matl11{2];
out_mati[0][B];
out_matl{1][6];
out_matl(03[{7];
out_matl[11{7];

out_matl[0]{2];
out_matl{1](2];
out_matl[O][1];
out_matil13[{17;
ont_matl{0][5];
out_matlf1][53;
out_matl[0][(6];
out_matl{1](6];

out_matl{0][57;
out_matlf{1]1{5];
out_matl[0]lr1];
cut_matl{11{17;
out_matli[0][0];
out_matl[1]{0];
ont_matl{0][4];
out_matlf1]{473;

out_matl[0]J[2];
out_matl{13[0];
out_matl{0]}[{47;
out_matl[1][4];
ocut_matl[01[7];
out_matl[131F77;
out_matl[0][3];
out_matlf{13[3];



sul[S5][0] = cut_matl[0][4];
su{5][1] = out_mati[1][{47];
sul5](3] = out_mati{01[7];
sufd51[4] = out_msti[1][7];
sul[53[6] = out_matlf{0][6];
su{d](7] = out_matl[1][6];
su{53[8] = out_matl[0][5];
suld51{10] = out_matli[1][5];
1

/¥ Surface construction routinex/

make_surface()

{

sul[0]J[C] = M[0O][O3;
sul[0]J[1] = M[{1](O03;
sul{0]1{2] = M[2][{0];
sull[0J[3] = M[OJ[1];
sulf0]j[4] = M{13[1];
sul[0C1E51 = M[23[13;
sull[03{6] = M[0][2];
sul(01[7} = M[1][2];
sul[0][8] = M{2]1[2];
sul(0]1[9] = M[{O][3];
sul[0]J[101 = H[11(31;
sul{0][11] = M[2][3];
sul{13(0] = M[O0][3];
sull[1]J031] = M[11[3];
sul(1302] = M[2][3];
sul[1]03] = M[01[2];
sul[13(4] = M[11[2];
sul[1]105] = M[2]({2];
sul[1]{61 = M[Q]J[6];
sul[1]J[73 = M[13[61;
sulf{l]1{8] = M{2]1[86];
sul[1]J(81 = M[O1[7];
sul{1]1{10) = M[1](7]3;
sall13(11) = H[2]1[7]};
sull[2][0] = M[0l[2];
sul{21{1) = M[1]{2];
sull[2][2] = M[2][2];
sulf{2]1[3]1 = M{O1[131;
sul{2][4] = M(11[11;
sul{2][{5] = MI[21[1];
sul[2][8] = M[U0]1({5];
sulf2107] = H[11(51;



sul[23[8]
sulfzifg]
sul[Z2]1[10]
sull23f11]

sal[31[{0]
sul[33101]
sul{31[2]
sul[31E3]
sal[3][4]
sul[33[5]
sul[3][6]
saul[31[7]
sul[3][8]
sul[3](8]
sul{3][10]
sul{3]1[11]

sul(431{0]
sul[4]1{11]
sul[4](2]
sul[41(3]
sullf4][4]
sulf4][5]
sulf{4][6]
sul[4][7]
sul[4]3[8]
sul[4][9]
sull4][10]
sul{4]1C11]

sul{53{0]
sull[5][1]
sul[dH][2]
sulfd][3]
sulfb5][4]
sul[5][5]
sul[5][6]
sull51[7]
su1[5][8]
suil[5]1[9]
sul[5]1[1C]
sulf5][11]

}

ot
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M{231053;
M{O1[6];
M{1]{6];
M{2][81;

M{OJ[53;
M{1][573;
M{Z21{5]1;
M{OI{1];
ML11[11;
MLZ2)[1];
MIOI{O];
M{11{0]1;
M{2]([0];
M[O]{4];
M{11[4];
M{2](4];

M{OJLO];
M[1JEC]D;
M[23[0];
M{OJE4];
M{11[04];
M{Z21(4];
M{OJ[7];
M{11L7]3;
M{2]{7]1;
MEO1L3];
ME11L3);
M{2]{3];

ML[O][43;
M(11[(41;
M[21(4];
M{OIL7];
M{13[7];
M[2]1[7];
M{Q1[67;
MI13[61;
MEZ21[{6];
M[O1{5];
M{11(5];
M(2]05];



/¥ Hidden line elimination routinex/
veid hide()

{

float A{3]1{31;

int t,3,z;

float mid_x = ¢.0,mid_vy = 0.0,mid_z = 0.0;
Float smid_x = 0.0,smid_y = 0.0,smid_z = 0.0;
float x_val = 2.0,y_val = 0.0,z_val = 0.0;
float dnum;

make_surface();
for(i = 0; i ¢ B; i++)

{

i =0; 2z = 0;
while(j < 9)

{
ALO1Lz] = sullill3++];
Af1](=z] = sullillj++1;
Al2][z] = sullil{i++];
z++;
1
solve(A);
d = -(a * sul[i]f0] + b * sull[il[1] + ¢ *x sul[il[2]);

VIOI[1i]l = a; V[1J[1] = b; V[{ZI[1i} = e; V[3]1[1i] = o,

H

for(i = 0; 1 < 8; i++)

{

mid_x = mid_x + M[QI[1i];
mid_y = mid_y + M[1][i];
mid_z = mid_z + M[2][i];
}

S[0]1[0] = mid_x / 8.0;
S{01L1] = mid_vy / B.0;
S[03[2] = wmid_=z / 8.0;
S[03J[3] = 1.0;

matmul(S,¥,view_mat,1,4,6,4,6,5);



for(i = 0; 1 < B3 i++)

{

if (view_mat[O][i} < )

{
v[03iril = -1 * Vioj[il;
vpiiriy = -1 * vi1liil;
v{23[il = -1 * v(210il;
v[3]}[i] = -1 * vi3i{il;

}

}

for(i = 0; 1 < 6; i++)

{

x_val = sul{1]1[0] + sul[i1][3] + sulli]lB] + sull[11(935;
y_val = sul[il[1]} + sull[il[4] + sui[i]JL7]1 + sulfil{1i0];
z val = sul[il{2] + sul[1]1(5] + sulf{i]i8] + sul[i1]L1il;
smid_x = x_val / 4.0;

smid v = y_val / 4.0;

smid_z = z_val / 4.0;

smid _x = smid_Xx - x1l;

amid v = smid_y - vl;

gmid_z = smid_z - zl;

dnum = sqrt((double)(smid,x % smid_x + smid_y *
smid_y + smid_2z * smid_z)):

smid_x = smid_x / dnumn;
smid _y = smid_y / dnum;
smid_z = smid_z / dnum;

F_mat{0][i]} = smid_x * V[0I[i] + smid_y
x Y[11[i] + smid_z ¥ v(izl{il:



/¥ Perspective transformation procedure

void perspective(xl,yl,zl)
float xl,vl,z1;

{

float A{3][3]1;
int j,z;

/% Parallel transformation procedure */

z = 0;
3 = 0;
while{(i < 9
{
AfO][=z]
Af1]1lez]
Af2]1[z]
Z++;
3
solve(A);

VPI[i++];
VPl{j++1;
VPIj++1;

1o

twv();
derive(xl,yl,z1);
show();
hide();
for(row = 0; row < B; rowt+)
{
if(F_mat{0][row} >= 0)

rect(sulrowl[0]),suflrow]f1],sulrow]{3],sulrowl(4].

*/

96

Su[row}[SJ,su[row][?},su(row][gj,su[row][lO]};

}
}

parallel()

{

float A[31[3];
int 3j,z;

flost nr,dr,vel,ve2,ve3,dnum,dnl;
float t,mid_x=0,mid_y=0,mid_z=0;

z = 0;

J = 03

while(i < 9)

{

A[03[=z] = VP[i++];
A[11[z] = VP[3++];
A[21{z] = VP[Ji++1];
Z++

1
solve(A);



dnl = sgrt((double)(a * a + b * b + ¢ * c));
a = a / dnl;
b = b / dnl;
c = c¢c / dnl;
vel = gl - pl; ve2 = g2 - p2; ve3d = @3 - p3;

dnum = sqrt((double)(vel ¥ vel + ve2 * ve2 + ved * ve3));

px{0]1{0] = vel / dnum; px[0][11 = veZ / dnum:
px{01[2] = ve3d / dnum;
px{0][3] = O;

dr = a * px[O0][{0] + b * px{03[1] + ¢ * px{0]1[Z};

for (row 0; row < 4; row++)

for (col 0; col < 8; col++)
{
Hifrow][ecoll = 1.0;
}
for (row = 0; row < 8: row++)
{
nr = a * (M{O3[row]- VPLO}) + b *x (M[1lirow] - VP[1i]) +
c ¥ (M{Z2][row] - YP[2]);

t = - nr / dr;

Mi[O]J{row] M[C)irow] + px[01[0] * t;

Mi{13{row] M{1])[row] + px[0][1] % t:
*

[T

M1[2]{row] HEZ23[row] + px[0]{2] t
1
twv();
matmul(RE3,H1,0ut_matl,4,4,8,4,8,8);
for(col = 0; col < 8; col++)
for(row = 0; row < 3; row++)
out_matlfrowl[col] = out_matlilrow][col] /

out_matl[3]{ecol];
show():

make_surface();



wiltr b (g
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{
A[O}[z] = sulli][j++];
AC1](2] = sull[il[3++1];
Al23(z] = sul[i][j++13;
Z++;

1

solve(A);

d = —(a ¥ sulli][0] + b ¥ sullill1l] + c % sulli]f2]);
VEOI[L1id = a; VI1101]) = by VIZ2IL1] = c; VI3IFi] = d;

}

forf¢li = O3 i < Bj; i++)

{ y

mid_x = mid_x + MH[O0][1i];

mid_y = mid_ vy + M[1][1i7;

mid_z = mid_z + MI{Z2][1i};

}

S[OJEO] = mid_x / 8.9;

S{0J{1] = mid_y / 8.0;

S[01[2] = mid_=z / 8B.0;

S[030[3] = 1.0;

px[0J[0] = -px[0]{0]); px[0]1[1} = -px[0J[1};

px{C]L2] = -px[03[2];

matmul(S,V,view_mat,1,4,6,4,6,8);

}

for{i = 0; 1 < B; 1++)
{
if (view_mat[0D]J[1i] <« O)
{
VIOJ[i] = -1 % V[0J[i];
VI1][i] = -1 % V[1}[i];
VEZ21{1i} = -1 x V[2][i];
VE31L1) = -1 % V[31[i];
1

matmul(px,V,NE,1,4,6,4,6,6);



for{row = [(; row < §; rowt+;

{
if(NE[O]{row] > 0O)
rect(sulrow]}[0],sulrow][1],sulrowl[3],sulrow]l(4],
sulrowl[6]),sulrow][7],sulrow]{9],sulrow][101);
3
}

/% Plan routine %X/

void plan()

{
VP[{Q] = 0.0;VP[1] = y_max;VP[Z2] = z_max;
VP[31 = 0.0;VP{4] = y_max;VP[5] = 0.0;
VP[(B8] = x_max;VP{7} = y_max;VP[8] = 0.0;

pl = 0; p2 = 0; p3 = 0;
gl = 0 ; g2 = 1; g3 = 0;
parallel();

}

/¥ Elevation rontine */

void elevation()

{
VP[0l = 0.0;VP[1] = 0.0;VP[2] = z_max;
VP[3] = 0.0;VP[4] = vy _max;VP[5] = z_max;
VP[B8] = x_max;VP[7] = y_max;VYP[8] =z_max;
pl = 0; p2 = 0; p3 = 0;
ql = 0 ; g2 = 0; Q3 = 1;
parallel();

3

/% End elevation routine ¥/
void sideview()

{

VP{0} = x_max;VP[1] = 0.0;VP[(2] = z_max;
VP{3) = x_max;VP[4] = y_max;VP[5] = 0.0;
VP[B8] = 0.0;VP[8] = 0.0;

x_max;;VP[7] =
pl = 0; p2 = 0; p3 = 0;
gl = 1 ; @2 = 0; a3 = 0O;
parailel()};



/% Isometric routine */

volid isometric()

{
float b_M,B_HM;
b M = (x_max > y_max) 7 X_max y_max;
B H = (b M > z_max) 7 b_ M : z_max;
VPI[0O] = 0.0;VP{1} = 0.0;VP[2] = 3 * B_M;
VP[3] = 0.0;VP[4] = 3 *x B_M;VP[5] = 0.0;
VPIB] = 3 x B_M;VP[7] = 0.0;VP[8] = 0.0;
pl = 0; p2 = 0; p3 = 0;
gl = 1 ; @2 = 1; a3 = 1;

parallel();

}

/¥ Rotation procedure */

void rotate()

{

float vel,ve2,ved,dnum , lda;
float TEM1[41[4],TEMZ[4]1(4],TEM3[4]1(4],TEM4[4]([4];

printf("\nEnter rotation vectors lst point\n");
scanf (" %f%Ff%F" ,&pl,&p2,&p3);

printf{"\nEnter rotation vectors Znd point\n");
scanf (" Zf%f%E" ,%&ql,&q2,&qQ3);

printf("Enter the angle of rotation\n");

scanf("X%E", &ang);
for (row = 0; row < 4; row++)
for{(col = 0; col < 4; col++)
{
if(row == col)
{
RTP{row]{col]l = 1.0; RPT[rowllecol]l = 1.0;
PAN_1[{rowl[col] = 1.0; PAN[rowl[col] = 1.0;
RTE{row][col]l = 1.0;
?
else
{
RTP[row]{col] = 0.0; RPT[row]{col] = 0.0;
PAN _1[row]lcol] = 0.0; PAN[row][col]l = 0.0;
RTR[row][ceol] = 0.0;

}
3



vel = q} - pl; veZ = g2 - p2; veld = g3 - p3;

dnum = sqrit{{(double)(vel * vel + veZ * ve?Z + ve3d ¥ vel)

RPT[O](3] = ql; RPT[1][3] = qZ; RPT[2][3] = q3;
RTP[OJ[3} = -gql; RTP[11[3] = -g2; RTP[2][3] = -93;
vel = vel / dnum; veZ = veZ / dpnum; ve3 = ve3 / dnum;
lda = saqrt((double)(veZ + ve3));
if (!1da)
{
PAN[O]f2] = -vel / (sgrt((double)(vel % wvel)});
PAN[2][0] = -PAN[OQ]f2]1;
PAN[O][2]) = -vel / (sgrt((double)(vel % vel))):
PAN[2][0] = -PAN[O][27;
3
else
{
PAN[O]J[01 = 1lda; PAN[O]J[1] = -{vel *x ve2) / lda;
PAN[OJ[2] = -(vel* ve3) / 1da;
PAN[1]{1] = ve3 / lda; PAN[1][2] = -ve2Z / lda;
PAN[2][0] = wvel; PAN[Z2]1[1] = veZ; PAN{21[2] = ve3:

PAN_1[0][0] = lda; PAN_1{03[2] = vel;

PAN_1[1]{01}

PAN _1[1]3[1)

PAN__1{2][0]

PAN_1{2]{1]
}

ang = (ang * 3.14) / 180;

-{vel % ve2) / lda;

ved / lda; PAN_1[1][2] = veZ;
~{vel * ve3d) / lda;

-veZ / 1lda; PAN_1[2][2] = wve3;

RTE[O]{0]
RTK[1][0Q]

cos{ang); RTK[O][1]
sin(ang); RTK[1][1]

-sin{ang);
cos(ang);

matmul(RPT,PAN_1,TEM1,4,4,4,4,4,4);
matmul(TEM1,RTK,TEM2,4,4,4,4,4,4);
matmul(TEMZ,PAN,TEM3,4,4,4,4,4,4):
matmul(TEM3,RTP,TEM4,4,4,4,4,4,4);
matmul(TEM4,M,0UT,4,4,8,4,8,8)

2
b

0]

B



for (row'= 0; row < 4; row++)
for(col = 0; ¢col < 8; col++)
M{rowl{col] = QUT[rowl[col];

1
/% Scaling routine ¥/

scale()

{
float sx,sy,sz;
for (row = 0; row < 4; row++)
for(ecol = 0; col < 4; col++)
SC[rowllcol] = 0.0;
printf{"\nSpecify vour scaling factors\n");
scanf (" Af%E%E" ,&sx,&sy,&s2);
cleardevice();
SC[0]{0] = sx; SCE11[1] = sy; SC(23[2) = s=2;SC[31{3] = 1;
matmul{SC,M,0UT,4,4,8,4,8,8);
for (row 0; row < 4; rowt+)

for(col D; col < 8; col++)
M[row]l[eonl] = QUT{row][coll;

it n

printf("Enter the values of view points x1l,yl,zl\n";;

scanf (" %f %Ff #%f",&x1,&y1,&zl);
cleardevice();
perspective(xl,yl,zl);

}
/¥ Transliation routine *x/

trans{tx,ty.tz)
float tx,ty,tz;
{

for (row
for{col
{
if(row == col) TR{row3{col] = 1.0;
else TR[{row][col] = 0.0;
H

0; row < 4; row++)
D; col < 4; col++)



135

TR{OJ[3] = tx; TRL1103] = ty; TR{2]{31 = tz;TRI3J[31 = %;

.

printf("Enter the values of view points xl,yl,zl\n"};
scanf("%f %F %f",&x1,&y1,&z21);

cleardevice();

perspective(xl,vl,zl);

/% Menu creation routine */

menu_build({)

{

cleardevice();

line(10,168, 550, 168);
line(190,200,620,200);
line(550,10,5850,170);
1ine(620,10,620, 200);

1= 110;
while(1 < 5B0)

{
line(1,168,1,200);

i += 110;
3

J = 42;

while(3 < 170)
{

line(550,3,620,]);

J += 42

3
settextstyle(0,0,1);
moveto( 10, 180);
outtext( "PLAN");
moveto(125,180);
outtext("ELEVATION" };
moveto (235, 180);
outtext ("SIDEVIEW" );
moveto (350, 180);
outtext ( "PERSPECTIVE" );
moveto (465, 180);



outtext ("ISOMETRIC );

moveto(570,180);

settextstyle(0,0,1);
moveto(550,20);

outtext ("TRANSLATE" };

moveto(560,60);
outtext( "ROTATE" };
moveto(560,100);
outtext("SCALE" };
moveto( 550, 140);
outtext( "FARALLEL" );

3

/¥ Menu_processing routine */

menu_process()

4
L

{
over = 1; hori_menu =
cur_x = B3,cur_y = 175;

while{over)

{

moveto{cur_Xx,cur_y};

outtext(" " );

again = G;

inregs.h.ah = 0X08;
intdos{(&inregs,&outregs);
cl = outregs.h.al;

switeh(el)}
{

case 0O

cuttext ("
inregs.h.ah = 0X08;
intdos(&inregs,&outregs);

switch(outregs.h.al)

{

case 12

")

if(vert_menu)

{

cur_y
cur_x
!

break;

(cur_v - 42) % 180;
585;



case 80

case 68

case 77

case 75

break;

if(vert_menu)
{

cur_y =

cur_x = 585;
}

break;

if(hori_menu)
{
hori_menu =
vert_menu =
cur_x = b85;

{

}

else{
if{vert_menu)
{
vert_menu =
hori_menu =
cur_x = 63;
1
}

break;

1if{hori_menu)

{

1

cur_Xx

i

cur_y 185;

1
break;

ifChori_menn)
{
cur_x
cur_y
1

break;

{(ecur_y + 42) %

C;
1;

16€;

cur_y = 175:

{cur_x + 1140) %

(cur_x - 110) %

H30;

530;
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case 27 over = 0; break;

case 13 :{
cleardevice();

if(vert_menu)
{
switch(cur%y)
{
case 25 :printf("\nSpecify your translsation
factors\n”);
scanf("%f%f%f”,&tx,&ty,&tz);
vblane();
oleardevioe();
trans(tx,ty,tz);
getech();
break;

case B7 - vplane();

rotate();

printf("\nEnter the values of
View points xl,yl,zl\n“);

scanf("%f %f %f“,&xl,&yl,&zl);

cleardevice();

perspective(xl,yl,zl);

getch();

bresk;

case 109 - vplane();
1f(sc]l == 1)
{

printf("Do yon want to go back
to the original object?" ).
2 = Eetch();
1f(c2 == -v- 11 ¢2 == v
{
in_mat();
printf("\nEnter the values of
view pointsg xl,yl,zi\n”);
scanf("%f %rf %f”,&xl,&yl,&zl);
cleardeviee();
perspective(xl,yl,zl);scl = 0.



else

{
scale(); scl=1

Betch();
bresk;

case 151 vplane();

printf("\nSpecify the first point
of the projection vector\n");

scanf("Xf %r Zf",&pl,&pz,&pB);

Printf("Specify the second point
of the projection vector\n"};

scanf("X%f X%f Zf",&ql,&qZ,&qS);

cleardevice();

parallel();

getch();

break;

else{
if(hori_menu)
{

switch{cur_x)
{

case 83 : plan();
geteh();
break;

case 173 - elevation();
getch();
break;

case 283 . sideview();
Betch(); break;

case 383 velane();

printf("\nEnter the values of
view points x1l,y1,z1\n"3};

scanf("%f %f Zf“,&xl,&yl,&zl);
cleardevice();
perspective(xl,yl,zl);
getch();
break;



case H03 : isometric();
getch(};
break;
} /*%for switch¥/
}/*for ifx/

1} /*for else ifx/

again = 1;
} /*%for case 13%/
break;

}/*%For 1st switchkx/
if{again) menu_build();

1 /*¥for whilex/

}

/¥ HAIN PROGRAM */

main( )

{

in_mat();

initgraph(&graphdriver,&grqphmode,“ Y

menu_build({);
menu_process({};

Betch();
closegraph();
}

~08
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FILE *xf2;
float x,y,z;
int i= 0;
main()
{
Clrscr();
f2 = fopen(“plane.dat",“w");
while(i < 3)
{
i += 1;
printf("Enter the value of ®7d
5canf(“Zfo2f",&x,&y,&z);

Y

fprintf(f2,"%f %f %f MM ax,y,z)g

}
fclose(f2);
H

%d zZd\n",i,i,i;

¥

Q]
S



