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Q.2 a. Listout the four uses of computer graphics. (2
Answer:
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b. With a neat diagram. Explain graphics system configuration. (8)

Answer:
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c. Explain the essential Cdmponents of GUL. (6)
Answer:
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Q.3 a. Write the algorithm for raster display of a line using Bresenham’s
Algorithm. (8)
Answer/:

/3.6 BRESENHAM'’S LINE ALGORITHM

Bresenham'’s line algorithm selects optimum raster locations to represent a straight line. In this algorithm,
pixels along x and y directions are incremented by one unit depending upon the slope m. If the slope of the
line (in first quadrant) is less than half the pixel point in the x direction is shifted, and if the slope is more than

© IETE 6
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half the pixel in the y direction is shifted. The increment in either direction (y or x respectively) is
by examining the closeness between actual line location and the nearest screen grid location.
The principle of Bresenham’s algorithm can be explained as demonstrated in Fig. 3.5. In this:

straight line [(2,2) (10, 8)] is to be plotted on the screen.

A

v

Fig. 3.5 Line plotting on the screen grid display

| The location of the first and last pixel is indicated by black circles. "
' However, pixels in between are shown as grey pixels. Bresenham’s 1
algorithm is based on the pixel position closer to the line path.
Although it is simple to plot manually, the algorithm for pixels follow- 7~
ing the closeness theory is complicated. The algorithm is developed
on the basis of testing the sign of the integer parameter whose value
is proportional to the difference between the distance of the two pixel
positions from the actual line path.

Let us take the example of scan conversion of a line having a
positive slope of less than one. The pixel position on the line path
between the two end points [(x,, ¥,), (x;, ¥1)] can be found by getting
the y position corresponding to the x position every time. Each time Fig. 3.6 Selection of pixel .
a new x position is found by adding the x interval equal to unity, the
corresponding y value will be one, which is close to the path line. In Fig. 3.6, it can be seen that
position of pixel [(x,, ¥,). (x,, ¥,)], the starting point of the line, the next pixel in x direction will be
and then corresponding to x,, , , either y, or y, ;| will be selected.

The selection of y, Or y,,; againstx,,, is a crucial one, that is, whether to plot point as (x, 4 » ¥p)
Yps1)- This is decided mathematically by the distance s, and s, as shown in Fig. 3.6. Coordinate y &

column positions X, , 1 is calculated as
y= m(xp +1)+c

Then, s|=(y~yp)=m(xp+l)+0—yp
sz=(yp+ D-y=y,+ 1 —m(x, + 1)-c
Now, 5, — 8y = 2m(x, + 1) =2y, +2c -1 =

A decision parameter r,, for the rth step in the line algorithm can be obtained by rearranging Eq. 35 ©
that it involves only integer calculations.
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Therefore, from Eq. 3.8 Ay
5 -52=ZE‘_ (x, + ])—2yp+2c—l
or Ax(s; —sy) =24y x, -2y, Ax +2 Ay + Ax (2c - 1)
Let r,=0x(s;-s;) (3.9
| Hence, r, =24y x, -2y, Ax +2Ay + Ax(2c - 1)
Let f =2 Ay + Ax(2c — 1). This has all terms as constant.
Thus, r,=2Ayx,-2y, Ax+f

Since Ax > 0 and f is a constant, the sign of the decision parameter is same as (s, — s,). The decision
parameter 7, is independent and indicates the position of the pixel at y,, when it is negative and closer to the
line path (s, <s,), that is, (x, + 1, y,) is closer to the actual line as compared to (x, + 1, y, + 1), and the pixel
at (x, + 1, y,) will be plotted as the next point. If (s, > s,), the decision parameter will be positive and the next
point to be plotted will be (x, + 1, y, + 1).

The change in x direction is in unit steps. Therefore, it is necessary to obtain the values of successive
parameters using incremental integer calculations. At step p + 1, the decision parameter is evaluated from

Eq. 3.9.
rp+,=2Ayxp+l—2yp+1 Ax+f (3.10)
Subtracting Eq. 3.9 from Eq. 3.10
Toe1 = Tp = 28y (X501 — X,) = 2Ax(y,,1 = ¥p)

and here x

41 =X, + 1, such that

rps1=Tp+ 28y - 2Ax(Yp41 = ¥p)
The term (,,,; — y,) is either 0 or 1 depending on the sign of r,.. The calculation of decision parameters from
starting to end point at each integer x position will be recursive and can be programmed easily in loop. The
first parameter position at starting pixel position is calculated from
r=2Ay- Ax
Based on the above, the computer program for line drawing may be developed with the following steps,
for slope |m| < 1.
1. Declare variables.
2. Input the end points and load the starting point to frame buffer, that is, plot on the screen.
3. Calculate constants Ax, Ay, 2Ay and 2Ay — Ax, and calculate the starting value for the decision
parameter as
r=20Ay< Ax
4. Ateach r, along the line, starting at p = 0, test if r, <0, the next point plot is (x, + 1, y,), or else the next
point is (xp + L+ 1) and
rps1 =T, +20y-2Ax
5. Repeat the above steps till the end point is reached.
These steps are well explained by digitizing a line between two sample points, as shown in Solved A

b. Explain scan line seed fill algorithm for filling a polygon with a single color.  (6)
Answer:
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/ﬁ;z.q. Scan Line Seed Fill Algorithm

In seed filling algorithm, the stack size is very large as in each loop the algorithm pushes 4 or 8 pixels onto
the stack. There are duplicate pixels too which are recursively propagated making the process slow (more
in case of 8 interconnected pixels). But, the scan line seed filling algorithm minimizes the duplicate pixels,
by pushing on to the stack only one pixel in any uninterrupted unfilled span of pixels in a single scan line,
or a row of pixels in a defined boundary region, that is, a closed polygon. Instead of proceeding along 4 or 8
connected pixels, this algorithm processes in raster pattemn, that is, along left to right along each scan line in
the region.
The algorithm flows in the following manner:
1. A seed pixel located on the scan line within the area popped from a stack containing the seed pixel is
selected.
2. The line or span containing the seed pixel is filled to its right and left including the seed pixel itself until
the boundary is found.
3. The extreme left and extreme right unprocessed pixel in the span are saved as x-left and x-right,
respectively.

76 ¥« Computer Graphics

4. The scan lines above and below the current scan line are examined in the range x-%e‘ﬂ and {r-r_ight;l fmj any
simple crossover. The extreme right pixel in all the unfilled spans on these scan lines within the same

range is marked as a seed pixel and pushed onto the stack. _

c. What s aliasing & antialiasing? (2)
Answer:

© IETE 9
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Q.4 a. Derive the Transformation matrix in 2D for:

(i) Shearing about x axis
(i) Reflection about y axis

Answer:

b

SRR fo!]

=ty 9]=t 0=k 1
Hence, there is no change in the original coordinate matrix.

Example 2
Letb=c=0andd=1
M=k 0|5 §]@en=iy

This shows that the element “a” of transformation matrix changes the scale of
coordinate xbecause x_ =ax, but there is no change in the direction of y, that is,
y‘=y.Theoorrespondingchangcductounnsfmnationcanbeseenin

Fig. 4.1 Fig. 4.1 Scaling transi
k) along x axis
Example 3

Letb=c=0 A

X7 =0x Y3 §Jiax dy=1x'y)

This indicates a scaling of both the x and y coordinates of the original
position vector A (Fig. 4.2).

s

Example 4

g

(a) Letb=c=0,d=1anda=-1 then

mm =t 0[5 9]Ex =1y

This shows reflection about y axis as shown in Fig. 4.3.
(b) Letb=c=0,a=1landd=-1

1 0 Le

X =&y, -yl=lx y]

This shows reflection about x axis as shown in Fig. 4.4.

(2x2)

Fig. 4.2 Scaling tran
along both the axes

s ¥
L

el

Fig. 4.3 Reflection about y axis

Fig. 4. 4 Reflection about x axis

b. Give the transformation matrix for reflection of a point along the line

y =mx +C.

© IETE
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Answer:

- apyr —pr—y N
¥

4.13 REFLECTION ABOUT AN ARBITRARY LINE

The reflection of an object as discussed earlier is either passing through the line x=0ory =0
y=—x. All these lines pass through origin. However, the operation of reflection through an arbil
passing through origin) is required to follow the following procedures.

1. Translate the line as well as the object so that the line passes through the origin.

2 Rotate the line and the object about the origin until the line is coincident with one of

axes.

3. Reflect the object through the coordinate axis.

4. Apply the inverse rotation about the origin to shift the line at translated position.

5. Apply inverse translation or back the object that is, move line to its original position.

In matrix operation
[7] = [T gans [Ra) Rreg) [Re) " [Tias] ™
where [T\ans] = Translation matrix
[R,] = Rotation matrix
[R,f] = Reflection matrix
[R‘g]'l = Inverse rotation matrix
['.i"m,,,S]'l = Inverse translation matrix
Let an arbitrary line be y = mx + ¢ and the position vectors of vertices be A [x; y; 711, B [x; »2

C [x; y3 23] as shown in Fig. 4.15.
As per the above information, the different matrix required for reflection about given arbitrary lins

follows:
1119°10
Tl ={0 1 0
|0} ‘=€ 0

cos(—tan”'m) sin(—tan"'m) g
—sin(~tan"'m) cos(-tan"'m) O ,as 0 =tan"'m

Ry=
{ 0 0 1

© IETE 12
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1wo-tnmensional 1ransformations ¥ 111

1 0 0
[Rmflr'o -1 0}
0 0 1
cos(tan_lm) sin(tan']m) 0
[Rol™ = —sin(—tan"'m) cos(-tan"'m) 0
0 0 1

-|__1 0 0
el =10 1" 70
0"¢ "0

Solved Exercises 4.3 and 4.14 discuss problems based on the above.

—P
v

Fig. 4.15 Reflection about an arbitrary line
SUMMARY e

c. Explain the steps required to rotate an object in 3D about an arbitrary point. (6)
Answer:

© IETE 13
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Q.5 a. Explain the Barsky 2D line clipping algorithm. ®)

Answer:
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//{.7 PARAMETRIC LIANG-BARSKY 2D LINE CLIPPING
ALGORITHM

An efficient algorithm was devised by Liang Y. and Barsky B. in the year 1984. It uses inequ
from basic parametric line equations, which distinguish the clipping region and the visible |
window. The inequalities discussed are used to establish the geometrical relationship between
and the parametric line.

As discussed in Section 5.5, parametric lines with their ends (x;, yy) and (x,, y,) can be expi
lows:

x(u) = x; + u(xy — Xxy)

yu) =y, + u(y, —y1) where (0 < u < 1) is a parameter
The interior of the window can be written as

Xmin S X < Xax

Ymin <Y = Ymax
Substituting, the parametric line equation with these

Xpin < %) + U6 — X)X < Xmax

Ymin < Y1+ 402 =YY < Ymax
This can be rewritten to define interior of window as:

—ul\ x < Xy — Xin for left (1*') boundary
A € Xy — %3 for right (2") boundary
—uAy <Y1 = Ymin for bottom (3™) boundary
UAY < Yonax =N for top (4"™) boundary
General form of this can be written as:
uxd; =gq,
where, i = 1, 2, 3 and 4 for left, right, bottom and top boundaries, respectively.
d;=-Ax, d, = Ax, d;=- Ay, dy=Ay
@ =%~ Xminn D= Fmax— % BV Vaine 43 = Ymax— N1

© IETE
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This is an alternate formulation for checking against boundaries as compared t6 Cohen—Sutherland
algorithm.

If d; = 0, the line is parallel to the ith edge of the window.

If g; < 0 it lies outside the ith boundary side.

If both the conditions prevail, the line is trivially rejected as it lies completely outside the clipping region.
Ifg;=0, then P, is on the ith edge of the window boundary. g, > 0 implies that P, is inside the visible portion
of the window.

The intersection point can be calculated by u = q/d;. If the line is not parallel to any of the window
boundaries, the intersection points can be labeled as I; and any intersection point outside the parametric range
(0 <u<1)oftheline, for example, /, in the Fig. 5.11, canbe ignored. The remaining intersection points outside
the window can be eliminated by finding the maximum (u,;,) and minimum parameter value (U) OF the low-
er and upper set of parametric values, respectively. With these calculated maximum and minimum parameter
values (which lie within the window), the visible portion of line can be drawn by using parametric equation
of line.

X

Fig. 5.11 Various window and line parameters

Liang-Barsky algorithm makes use of the parametric representation of the line to speed up the intersec-
tion computations. It represents the four inequalities required for 2D clipping in a uniform way. Program 5.2
describes the flow of Liang-Barsky algorithm through C code, and Solved Exercise 5.7 presents the function-

ing of this algorithm. ’7

b. Explain the steps involved in 2D viewing transformation. (8)
Answer:

© IETE 16
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Q.6 a. Define Perspective and Parallel projections. What is the main difference

between them?
b. Derive the transformation matrix for the projection of a point (x, y, z) onto

the plane z = 0 with centre of projection at (0, 0, —z).

What do you mean by vanishing points? What are different types of
vanishing points?

Answer: ABand C

(4)
(8)
(4)

C.

© IETE 19
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7.11 PERSPECTIVE PROJECTION

Plane geometry projections of objects are formed by the intersection of projector lines with the project
plane or the picture plane. Projectors are lines from an arbitrary point called the centre of projection, throe
each point in an object. If the centre of projection is located at a finite point in 3D space, the result
perspective projection. The position of the picture plane relative to the object determines the size of |
perspective view. When the object is in the picture plane, its perspective will be in true size. When the 0 -:;
is placed in front of the picture plane, its perspective will be enlarged. When the object is placed behind ¢
picture plane, the perspective will be in reduced size. The picture plane in this case is placed between €
and the object.

All the projections converge at a point known as the vanishing point. This effect will be seen vividly b
Jooking at a straight long road as shown below in Fig. 7.16 or a cube as shown in Fig. 7.17. Such an effect 2
also be noticed in photographs. Photographs are therefore a perspective view. Perspective is chiefly employe
in architectural drawings.

Fig. 7.16  Two parallel lines alongside the road, merging together at the vanishing point
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- The general 4 x 4 transformation matrix is given by Matrix 7.1. If the fourth column of this general matrix

* 1] is non-zero, the result is a perspective 3D transformation matrix. In perspective transformation,
erallel lines converge, and object size is reduced with increasing distance from the centre of projection. A
e-point perspective transformation with a single vanishing point is given by

100 p
0100
x ¥z 1] 0010 =[xyzpx+1]
0001
Here h = px + 1 = 0. The ordinary coordinates are obtained by dividing by h, i.e. h = px + 1, which gives
[.I- *Z'l]= X y 7
? px+1 px+1 px+1

This gives the perspective transformation value of the coordinate when projectors are placed on the x axis.
Similarly, when the projectors are placed on the y axis, it can be shown as

1000
[xyz1] g g =[xy zq+l]
0010
0001
here h = gy + 1 = 0; hence the ordinary coordinates are
* R 4

£y 11=|-=
gy+1 gv+1 gy+1

Similarly, when the projectors are placed on the z axis, it can be shown as
1000

0100

1 = 11,
[xyz1] 0 0.1 [xyzrz+1]

0001

here h = rz + 1 = 0; hence the ordinary coordinates are
[x‘y‘z'u:[ Ao A 1]
rz+l rz+1 rz+1
Now, a perspective projection onto a 2D viewing plane is obtained by multiplying an orthographic
projection matrix with a perspective transformation matrix. For example, a perspective projection onto the
z =0 plane is obtained by

10007 [1000] [1000
moprpr 0100 o100/ 0100
M=F=10 0 1 +1* o 06 0l=l0 0 0 »

0001 0001 0001

1000
* 0100 X ¥ . . .
Now[x y z 1]=[x y z 1] x 000 7 =[—rz—+—lm01 in ordinary coordinates.
0001
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The above transformation is for perspective projection onto the z =0 plane. With the help of geometr)
can find the coordinates of a projected point. Consider a projector on the axis at z, distance away
origin, and an object at P which is projected on the z =0 plane, as shown in Fig. 7.17.

A

Vv axis © 3

P

T axis "oy

Fig. 7.17 Finding coordinates of a projected point

The coordinates of projected point P" can be found by two similar triangles AABC and

| follows:
.'I xt_ ZC
X Ze—Z
£ X or x=—2—
to—k % 5
Z Z
% ("2 2
and %:_x_&_-—
TP+ -?
X 2,2 z
by ['-Zf’zcrﬂc i "2+’g[3]
VR + -2 2+ (ze— 2241 - F2)?
R+ -2 1
2+ (-7 V(-2
y . |d§
or -—y—— l_zfzc
= 1.= Y
ke P oy

2" is zero because it is projected on the z = 0 plane.

To understand the effect of perspective transformation, consider the line PQ which is parallel to the z axis
and which, after perspective transformation, lies on the xy plane when the projector is placed on the z axis.
This can be shown as in Fig. 7.18.
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Q.7 a

Answer:

© IETE
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e

Initial

line

Vanishing
point

Projection
plane

Centre of
projection

Fig. 7.18 Perspective transformation

Here the distance of the point A on z axis is z. =— 1/r from the origin. To show that the vanishing point lies in a
positive direction on the z axis at 1/r distance away from the origin, consider a point which lies on the positive axis z
at infinity i.e. [0 O 1 0]. Now, take a perspective transformation of this point when the projector lies on the z axis

1000
'y'z 11=[00 1 0] iy 0017
X = =
] 001 r i
0 00 ]

which is equivalent to [0 0 1/r 1] in actual coordinates. This shows that the point is at an finite point on the
positive z axis and that this is the vanishing point. "

Explain back face detection method of hidden surface removal. (10)
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b. Explain the following w.r.t. hidden line removal
(i) Direct method
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(i) Using visible surface detection methods
Answer:
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Q.8 a. Briefly explain any two different devices used for producing animation. (8)
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b. Explain different video formats. (8)
Answer:
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Q.9 a. Explain BMP file format. (10)
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b. Explain compact disk and digital versatile disk. (6)
Answer:
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