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COMPUTER GRAPHICS



     AUGUST 2004

Question 1

a) Write the OpenGL code to create the following shape. Name the function wirehouse.
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Answer: 

void wirehouse (void) {

    glBegin (GL_LINE_LOOP);

            glVertex2i( 40, 40);

glVertex2i( 40, 100);

glVertex2i( 60, 120);

glVertex2i( 100, 100);

glVertex2i( 100, 40);

      glEnd(); 

}

(4 marks)
b) Represent the following 2D-transformation using matrix representation.

i) Translation 

ii) Rotation about the origin

iii) Shear along x

iv) Shear along y 

v) Scaling with respect to the origin.

Answer: 

Translation:
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Rotation about the origin:
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Shear along x:
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Shear along y:
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Scaling with respect to the origin:
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(3 Marks)

c) The three-dimensional object rendering is the set of collective processes, which make the object model more realistic on the display screen. State these processes. 

Answer: 

These processes include the elimination of surfaces (polygonal segments) on the object that are not visible with respect to the user’s view direction, and incorporating shading and shadowing effects.  In this chapter we consider a few simple algorithms for hidden surface removal, and the basic concepts of shading algorithms.

(3 Marks)

Question2

a) Explain the composite transformation in details. Then give example on each of the following.

i) General rotation about pivot point (xp , yp)

ii)[image: image21.wmf]c)
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  General scaling about a fixed point (xf , yf)

Answer: 

When a series of transformations are applied to a point in a given order, then the resulting transformation can be conveniently represented in matrix form using homogeneous coordinate system.  For example, assume that a point P is first transformed using a transformation T1  (The resulting point is T1P) .   If this is followed by another transformation T2,  then the resulting point is T2(T1P) = T2T1P.

In general if a point P is transformed using transformations T1, T2, T3,  in the given order, then the resulting point is   T3T2T1P.  The overall transformation matrix is given by the single matrix  S = T3T2T1,  and the transformed point is given by  P( = S P.

    Eg (1)  :  General Rotation about a pivot point  (xp , yp):
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      Eg (2)  :  General scaling about a fixed point (xf , yf):

P( = T(xf , yf ) . S(sx , sy) . T(-xf , -yf ) . P 
                                                                                                      (3 Marks) 

b) Explain what the following Code will do. Support your answer with drawing. 

void myDisplay(void)

{

  glClear(GL_COLOR_BUFFER_BIT);

   glColor3f(1.0f, 0.0f, 0.0f); 

  glBegin(GL_POLYGON); 

glVertex2f(200, 100);

    glVertex2f(200, 300);

    glVertex2f(300, 400);

    glVertex2f(400, 100);

  glEnd();                          

  glFlush(); 

}

Answer: 

The code will result in drawing polygon with red colour as shown in the figure bellow
[image: image7.jpg]



(3 Marks) 

c) Explain the Steps of Painter’s algorithm (hidden surface removal) and state the limitations of this algorithm. 

Answer: 

The approach of the painters algorithm is very simple:  each face of the object is filled by a color in its entirety, beginning from the farthest one, until finally the closest one is painted.  Assuming that the viewer is on the z-axis, polygons on the object are sorted and displayed in the increasing order of their z-coordinates (the polygon which is farthest with respect to the viewer will have the lowest z-value). 

Step 1.  Get the maximum of z-coordinates of all the vertices of each polygon, and store the value as zmax against the corresponding polygon index.

Step 2.  Sort the polygons in the increasing order of zmax.

Step 3. Display and fill polygons using the sorted list of polygons, starting from the polygon having the minimum value of zmax.

The above algorithm does not impose any restriction on the shape of the object, or the ordering of polygon vertices.

Limitations:

1. Requires sorting of polygons.

2. All polygons must be necessarily filled.

3. May lead to erroneous images if a failure condition (see below) occurs.
 (4 Marks) 

Question 3

a) Construct the polygon list (vertex list, edge list, and face list) for the following object.
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Note: The vertices of the face are always specified in a counter-clockwise (CCW) direction when looking at the front of the face.

Answer: 

The vertex list and the face list can be found in the program itself.

	Vertex List
	
	Edge List
	
	Face List

	i
	x[i]
	y[i]
	z[i]
	
	L[j]
	M[j]
	
	P[k]
	Q[k]
	R[k]
	S[k]

	0
	0
	0
	0
	
	0
	1
	
	3
	2
	1
	0

	1
	1
	0
	0
	
	1
	2
	
	8
	9
	10
	11

	2
	1
	1
	0
	
	2
	3
	
	1
	2
	6
	5

	3
	0
	1
	0
	
	3
	0
	
	2
	3
	7
	6

	4
	0.35
	0.35
	0.5
	
	4
	5
	
	3
	0
	4
	7

	5
	0.65
	0.35
	0.5
	
	5
	6
	
	0
	1
	5
	4

	6
	0.65
	0.65
	0.5
	
	6
	7
	
	5
	6
	10
	9

	7
	0.35
	0.65
	0.5
	
	7
	4
	
	6
	7
	11
	10

	8
	0
	0
	1
	
	5
	1
	
	7
	4
	8
	11

	9
	1
	0
	1
	
	6
	2
	
	4
	5
	9
	8

	10
	1
	1
	1
	
	7
	3
	
	
	
	
	

	11
	0
	1
	1
	
	4
	0
	
	
	
	
	

	
	
	
	
	
	8
	9
	
	
	
	
	

	
	9
	10
	
	
	
	
	

	
	10
	11
	
	
	
	
	

	
	11
	8
	

	
	9
	5
	

	
	10
	6
	

	
	11
	7
	

	
	8
	4
	


(7 Marks) 

b) Write the equation of a surface of revolution obtained by revolving the following curves about the y-axis. Then draw a sketch of the curve in (a).

a)
y = x2 + 1
for 0 ( x ( 3

b)
y = x + cos x2 

for 0 ( x ( m

Answer: 

a) y = f(x) =  x2 + 1
for 0 ( x ( 3

The surface of revolution obtained by revolving curve y = f(x) about the y-axis is 
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b) y = x + cos x2 

for 0 ( x ( m
The surface of revolution obtained by revolving curve y = f(x) about the y-axis is 
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(3 Marks)

Question 4
a) There are at least 5 logical input devices. Name them with examples.

Answer:

(i)  Locator: A basic requirement in interactive graphics is to allow the user to point to a position on the display. A locator device provides this function.

Locator Devices: Mouse, Keyboard (Cursor-Position Keys),  Tablet(Digitizer), Trackballs, Lightpens.

(ii)   String: A string of characters is the most familiar form of input normally produced by a keyboard.

String Devices: Keyboard.

(iii)  Valuator: A valuator produces a real value between 0.0 and 1.0 which can be used in many applications to control the value of a parameter such as the speed of an action, the intensity of the display, the size of an image and so on. 

Valuator Devices: Control Dials, Sensing devices, Joysticks

(iv)  Choice: A choice device reports a selection from a fixed number of items.

Choice Devices: Mouse, Keyboard (Function Keys), Touch Panel, Choice Box.

(v) Pick: A pick device is used to identify a portion of a picture for further processing.

Pick Devices: Mouse, Cursor Keys, Tablet.

.

(3 Marks) 

b) What are the types of event processed by the mouse? 

Answer:

There are mainly two types of events that are processed with mouse interaction.

i. Event that occurs when the mouse button is pressed or released (Mouse Event).

ii. Event that occurs when the mouse is moved while one of the buttons is pressed (Mouse Motion Event).
(2 Marks) 

c) Except trivial accept and trivial reject cases, the Cohen-Sutherland algorithm uses a divide-and-conquer strategy. 

i) What are the steps of this strategy?

Answer: 

1. The point that lies outside the window is considered. (This is the point whose region code is non-zero).

2. For the above point, an edge outside which the point lies is identified. (If a particular bit is non-zero, the corresponding edge of the window is considered).

3. The intersection of the line with the edge is computed.  The initial point in (i) is now replaced by the new intersection point. Its region code is computed.

4. The conditions for the “trivial accept” or “trivial reject”  or “other case”  is again checked for the new line segment. 

(2 Marks) 

      ii) Considering the following line segment with end points P (x1, y1) and Q(x2, y2).






Explain in details the line clipping process using Cohen-Sutherland algorithm.

Answer: 

One example of computing the intersection point with an identified edge is shown in the above figure. Consider a line segment with end points P (x1, y1)  and Q(x2, y2),  with one of the end points P outside the window.  Here the region code of P  will have a bit set corresponding to the region “Left”.  Hence the line segment is compared with the left edge of the window which has the equation x=xmin.

The equation of the line PQ is 
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The intersection point A lies on the left edge and therefore its x-coordinate is


x = xmin.

To get the y-coordinate of A, we substitute for x in the above equation of PQ:


y = 
[image: image13.wmf])
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Now P is replaced by the point A (effectively discarding the segment PA), and the whole process of checking is repeated for the segment AQ.  Now both A, Q will have region codes 0000, and hence will satisfy the condition “trivial accept”.
(3 Marks)

Question 5

a) Answer the following by true or false.

i. In CMY color model, the normalized components of Blue are (0., 1., 1.).   

ii. A color located on the boundary of the HSV cone will always have s = 1. 

iii. The slope of the line from the point (2,3) to the point (8,6) is 2. 
iv. With reference to the midpoint algorithm, if the current pixel is (xk , yk) ,  and the slope is less than 1,  then the coordinates of the midpoint  are (xk , yk+1/2).      

Answer: 

i) False

ii) True 

iii) False

iv) False
(2 Marks) 

b) Derive the window to viewport transformation for the following:


  

Answer: 

xmin = -2,  xmax = 23,  


umin = 100,  umax = 600

  
ymin = -5,  ymax = 10


vmin = 50,    vmax = 350

Substituting the above values in the window to viewport transformation, we get

  (x+2)/25 = (u-100)/500

  (y+5)/15 = (v-50)/300

Simplifying,

    u =  20 x  + 140 ;     v =  20 y  + 150
(2 Marks) 

c) Given the equation of a two-dimensional Bezier curve in the parametric form,


xb (u)  = 
[image: image14.wmf]å
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where v0 (0, 3), v1 (1, 5), v2 (4, 0) and v3 (6, 2) are the control points. 

i. Find the point where the curve will pass through when u = 0.2, u = 0.4, and u = 0.7.

Answer: 


[image: image15.wmf]816

.

0

  

          

048

.

0

384

.

0

384

.

0

0

  

          

)

6

(

)

8

.

0

(

2

.

0

3

3

)

4

(

)

8

.

0

(

2

.

0

2

3

)

1

(

)

8

.

0

(

2

.

0

1

3

)

0

(

)

8

.

0

(

2

.

0

0

3

  

          

)

2

.

0

1

(

2

.

0

1

3

)

2

.

0

(

0

3

1

2

2

1

3

0

3

3

0

=

+

+

+

=

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

=

-

÷

÷

ø

ö

ç

ç

è

æ

=

-

=

å

i

i

i

i

b

x

x



[image: image16.wmf]472

.

3

  

          

016

.

0

0

92

.

1

536

.

1

  

          

)

2

(

)

8

.

0

(

2

.

0

3

3

)

0

(

)

8

.

0

(

2

.

0

2

3

)

5

(

)

8

.

0

(

2

.

0

1

3

)

3

(

)

8

.

0

(

2

.

0

0

3

  

          

)

2

.

0

1

(

2

.

0

1

3

)

2

.

0

(

0

3

1

2

2

1

3

0

3

3

0

=

+

+

+

=

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

=

-

÷

÷

ø

ö

ç

ç

è

æ

=

-

=

å

i

i

i

i

b

y

y



[image: image17.wmf]968

.

1

  

          

384

.

0

152

.

1

432

.

0

0

  

          

)

6

(

)

6

.

0

(

4

.

0

3

3

)

4

(

)

6

.

0

(

4

.

0

2

3

)

1

(

)

6

.

0

(

4

.

0

1

3

)

0

(

)

6

.

0

(

4

.

0

0

3

  

          

)

4

.

0

1

(

4

.

0

1

3

)

4

.

0

(

0

3

1

2

2

1

3

0

3

3

0

=

+

+

+

=

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

=

-

÷

÷

ø

ö

ç

ç

è

æ

=

-

=

å

i

i

i

i

b

x

x



[image: image18.wmf]936

.

2

  

          

128

.

0

0

16

.

2

648

.

0

  

          

)

2

(

)

6

.

0

(

4

.

0

3

3

)

0

(

)

6

.

0

(

4

.

0

2

3

)

5

(

)

6

.

0

(

4

.

0

1

3

)

3

(

)

6

.

0

(

4

.

0

0

3

  

          

)

4

.

0

1

(

4

.

0

1

3

)

4

.

0

(

0

3

1

2

2

1

3

0

3

3

0

=

+

+

+

=

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

=

-

÷

÷

ø

ö

ç

ç

è

æ

=

-

=

å

i

i

i

i

b

y

y



[image: image19.wmf]011

.

4

  

          

058

.

2

764

.

1

189

.

0

0

  

          

)

6

(

)

3

.

0

(

7

.

0

3

3

)

4

(

)

3

.

0

(

7

.

0

2

3

)

1

(

)

3

.

0

(

7

.

0

1

3

)

0

(

)

3

.

0

(

7

.

0

0

3

  

          

)

7

.

0

1

(

7

.

0

1

3

)

7

.

0

(

0

3

1

2

2

1

3

0

3

3

0

=

+

+

+

=

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

=

-

÷

÷

ø

ö

ç

ç

è

æ

=

-

=

å

i

i

i

i

b

x

x



[image: image20.wmf]172

.

1

  

          

686

.

0

0

945

.

0

081

.

0

  

          

)

2

(

)

3

.

0

(

7

.

0

3

3

)

0

(

)

3

.

0

(

7

.

0

2

3

)

5

(

)

3

.

0

(

7

.

0

1

3

)

3

(

)

3

.

0

(

7

.

0

0

3

  

          

)

7

.

0

1

(

7

.

0

1

3

)

7

.

0

(

0

3

1

2

2

1

3

0

3

3

0

=

+

+

+

=

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

+

÷

÷

ø

ö

ç

ç

è

æ

=

-

÷

÷

ø

ö

ç

ç

è

æ

=

-

=

å

i

i

i

i

b

y

y


(2 Marks)

ii. What are the points that the curve passes through when u = 0 and u = 1?

Answer: 

 When u = 0, the curve passes through v0.

When u = 1, the curve passes through v3.

(2 Marks)
iii. Plot the Bezier curve based on the above results.

     Answer: 


(2 Marks)
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