CS 116A Fall 2006

Homework 3 (due before lecture, Mon 10/30/06)
Total: 20 points (worth 5% of total class grade)

Name: ______________________________

1. [4] Consider the following code.
float m[16] = { 1.0,0.0,0.0,1.0, 2.0,1.0,0.0,3.0, 0.0,1.0,2.0,-1.0, 0.0,0.0,0.0,1.0 };

glMatrixMode(GL_MODELVIEW);

glLoadIdentity(); // point 0.0
glScalef(3.0,3.0,3.0); // point 0.1
glTranslatef(1.0,0.0,2.0);

// point 1
glPushMatrix(); // point 1.1
glMultMatrix(m);

// point 2
glPopMatrix(); // point 2.1
glTranslatef(0.0,1.0,0.0);

// point 3
glSetMatrix(m);

// point 4

Draw the matrix stack at points 1, 2, 3, and 4.

Draw an arrow to point clearly to the top of the stack at each point.

Answer:

             Point 1                            Point 2                            Point 3                            Point 4
2. [1] A point has the following 3D non-homogeneous coordinates: (3,1,-5). It is subjected to the following transformation:

             5      0      0      3
             0      2      0     -2

             1      3      1      0
             2      1      1      2
What are its 3D non-homonegeous coordinates after the transformation?
Answer: (4.5, 0, 0.25)
3. Suppose that the DrawChair() function is as given in lecture (Oct 11, 2006).

[2] Write a DrawRoom() function that will draw the room as follows, with chairs in the positions shown:


[image: image1]
Answer:
void DrawRoom() {
   glPushMatrix();
   glTranslatef(0,0,10);
   DrawChair();
   glPopMatrix();

   glPushMatrix();

   glTranslatef(20,0,10);

   glRotatef(45.0,0,1,0);

   DrawChair();

   glPopMatrix();

   glPushMatrix();

   glTranslatef(30,0,0);

   DrawChair();

   glPopMatrix();

}
4. [4] Write the quaternion representing the following transformation:

Rotation of 45 degrees about the z axis followed by rotation of 60 degrees about the y axis
Answer:
q1 = (cos 45/2, (0,0,1) sin 45/2) = (0.924, (0,0,0.38)) 

q2 = (cos 60/2, (0,1,0) sin 60/2) = (0.866, (0,0.5,0))

q1q2 = ( 0.924 * 0.866 - (0,0,0.38).(0,0.5,0), 

               0.924 * (0,0,0.38) + 0.866 * (0,0.5,0) + (0,0,0.38)x(0,0.5,0) )
         = (0.8, (-0.19, 0.43, 0.35))
5. [2] We are given the following function:

void Rotate(float ang, float ax, float ay, float az, float &px, float &py, float &pz);

Rotate takes a point (px, py, pz) and rotates it by ang about the directional axis (ax,ay,az) passing through the origin. It will write the result in (px, py, pz).
Write the function Rotate2 that has the following signature:

void Rotate2(float ang, float ax, float ay, float az, float x0, float y0, float z0, float &px, float &py, float &pz);

Rotate2 takes a point (px, py, pz) and rotates it by ang about the directional axis (ax,ay,az) passing through the point (x0, y0, z0). It will write the result in (px, py, pz).
In the body of Rotate2(), you may call Rotate().
Answer:

void Rotate2(float ang, float ax, float ay, float az, float x0, float y0, float z0, float &px, float &py, float &pz) {
     float tx, ty, tz;
     // translate by (-x0,-y0,-z0)

     tx = px – x0;

     ty = py – y0;

     tz = pz – z0;

     // rotate about the axis passing through the origin

     Rotate(ang, ax, ay, az, tx, ty, tz);

     // translate by (x0,y0,z0)

     px = tx + x0; 

     py = ty + y0;

     pz = tz + z0;

}
6. [2] Suppose that a point P is at (3,7,-15) in viewing coordinates (uvn coordinate system). Suppose that we’re using oblique parallel projection to project this point to the view plane. The parallel projection rays are in the direction (2,-1,1) (also given in the uvn coordinate system). Suppose the view plane is at distance 10 from the viewing origin (camera position). In other words, the view plane is at n = -10. What are the projected coordinates of P?

Answer:
(3,7,-15) + k (2,-1,1) = (x,y,-10)

( k = 5
( x = 3 + 5 * 2 = 13

( y = 7 + 5 * (-1) = 2

The viewing coordinates of P are (13,2)
7.  [2] Write the equivalent gluPerspective() for the following glFrustum function call.

glFrustum(-5.0, 5.0, -2.0, 2.0, 2.0, 100.0); // xwmin,xwmax,ywmin,ywmax,dnear,dfar

gluPerspective(      90, 2.5, 2, 100                 ); // theta,aspect,dnear,dfar

8. [3] We’re using the following viewing parameters:
Camera position (in world coordinate space): (0,0,5)

Look-at point (in world coordinate space): (0,0,0)

Projection: Perspective projection with field of view = 60 degrees

Window viewport: 700 x 500 (in other words, 700 pixels in the horizontal (x) direction, 500 vertical)

A point has coordinates (2,1,-2) in world coordinate space.

On which pixel is the point drawn?

(Don’t worry about rounding off error. It’s okay if your answer is one or two pixels off.)
Answer:


[image: image2]
Pixel in the y direction = 250 + (1 / 4.04) * 250 = 312 from the bottom of the screen

[image: image3]
Pixel in the x direction = 350 + (2 / 5.656) * 350 = 474

Hence the pixel drawn is (474,312) from the bottom left corner.
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