Fall 2006 CS 116A Midterm 2 Review

1. Change in coordinate system

There is a 2D coordinate system defined called the XY system.

There is another 2D coordinate system defined called the UV system.

The UV origin is at X = 5, Y = 6.

The direction of the u axis is (1,0.5) in the XY coordinate system.

The direction of the v axis is (-0.5,1) in the XY coordinate system.

A point P has XY coordinates (7,9).

What are its UV coordinates?

Answer:

Translate by (-5,-6): P’ = (2,3)
Rotate to line up: Rotate by -26.565 degrees (atan 0.5/1 = 26.565 degrees)
P’’ = (2 * cos(-26.565) – 3 * sin(-26.565) , 2 * sin(-26.565) + 3 cos (-26.565))

      = (0.447,3.578) 

Its UV coordinates are (0.447,3.578)
2. The camera is at (3,5,10) in world coordinates. It is looking at (10,5,10) in world coordinates. The up direction is (0,1,1). Find the unit vectors, u, v and n, that express the coordinate axes of the viewing coordinate frame in terms of the world coordinate frame.

Answer:

N = (3,5,10) – (10,5,10) = (-7,0,0)
n = (-1,0,0)

u = (V x n) / |V| = (0,-1,1)/sqrt(2) = (0,-0.707,0.707) 

v = n x u = (0,0.707,0.707)
3. A square has corners (0,0,0), (1,0,0), (1,1,0) and (0,1,0).
It is projected by parallel projection to the plane z = 5.

The projection rays travel in the direction (1,0,1).

Give the projected coordinates of the four corners of the square.

Answer:
The square is in plane z = 0, therefore each point must move by 5 times of the projection ray.

The new projected coordinates are:

(0,0,0) + 5 * (1,0,1) = (5,0,5) 

(1,0,0) + 5 * (1,0,1) = (6,0,5),

(1,1,0) + 5 * (1,0,1) = (6,1,5), and

(0,1,0) + 5 * (1,0,1) = (5,1,5)

4. A square has corners (0,0,0), (1,0,0), (1,1,0) and (0,1,0).

It is projected by perspective projection to the plane z = 5.

The camera is at (0,0,10).

Give the projected coordinates of the four corners of the square.

Answer:
The projected coordinates are (0,0,5), (0.5,0.5), (0.5,0.5,5) and (0,0.5,5)
5. Suppose that we have a symmetric view frustum. Suppose that the distance from the camera to the view plane is 10 units. Suppose that the view window is 20 units wide, and 15 units high.

What is the aspect ratio?

Answer: Aspect ratio = 20/15 = 1.33333

What is the field of view angle?

Answer: Field of view angle = 2 * tan-1(7.5/10) = 73.7 degrees

6. Consider the following code:

GLfloat diff_color[] = { 1.0, 0.0, 0.5, 1.0 };

GLfloat pos[] = { 0.0, 1.0, 0.0, 1.0 };

GLfloat dir[] { -1.0, -1.0, 0.0 };

glLightfv(GL_LIGHT1, GL_DIFFUSE, diff_color);

glLightfv(GL_LIGHT1, GL_POSITION, pos);

glLightf( GL_LIGHT1, GL_CONSTANT_ATTENUATION, 1.0); // sets k0

glLightf( GL_LIGHT1, GL_LINEAR_ATTENUATION, 0.0); // sets k1

glLightf( GL_LIGHT1, GL_QUADRATIC_ATTENUATION, 0.5); // sets k2

glLightf( GL_LIGHT1, GL_SPOT_CUTOFF, 45.0);

glLightfv( GL_LIGHT1, GL_SPOT_DIRECTION, dir);

glEnable(GL_LIGHT1);

Suppose a vertex is at position (-2,-2,1).

What is the diffuse light from Light1 that reaches the vertex?

(Give your answer in RGB.)
Answer:

Find angular deviation from spotlight direction

cos phi = ( (-1,-1,0)/|(-1,-1,0)| ) . ( (-2,-3,1)/|(-2,-3,1)| ) = 0.945
phi = 19.1 degrees
Hence, the vertex is within the cone of the spotlight.
Distance of vertex from light = |((0,1,0) – (-2,-2,1))| = sqrt(14) = 3.74
Diffuse light that reaches the vertex = (1,0,0.5) * (1/(1 + 0.5 * 3.74 * 3.74)) = (0.125, 0, 0.0625);
7. A triangle is defined as follows:

glBegin(GL_TRIANGLES);

glVertex3f(1.0,0.0,0.0); // vertex V0 

glVertex3f(1.0,0.0,2.0); // vertex V1 

glVertex3f(3.0,0.0,1.0); // vertex V2

glEnd();

(a) What is the normal of this triangle?

Answer:

E0 = (1,0,2) – (1,0,0) = (0,0,2)

E1 = (3,0,1) – (1,0,2) = (2,0,-1)

N = E0 x E1 = (0,4,0)
Suppose that there is a point light source S at position (4,4,0).

Suppose that its color is defined as follows:

GLfloat col0[] = { 0.1, 0.1, 0.1, 1.0 };

GLfloat col1[] = { 1.0, 1.0, 0.8, 1.0 };

GLfloat col2[] = { 1.0, 0.8, 1.0, 1.0 };

glLightfv(GL_LIGHT1, GL_AMBIENT, col0);

glLightfv(GL_LIGHT1, GL_DIFFUSE, col1);

glLightfv(GL_LIGHT1, GL_SPECULAR, col2);

The light does not attenuate.

Suppose that the viewer is at position (2,2,2).

Suppose that the material defined for the above triangle is as follows:

GLfloat col0[] = { 1.0, 0.5, 0.2, 1.0 }; // RGBA

GLfloat col1[] = { 1.0, 0.8, 0.8, 1.0 }; // RGBA

glMaterialfv(GL_FRONT_AND_BACK, GL_AMBIENT_AND_DIFFUSE, col0); 

glMaterialfv(GL_FRONT_AND_BACK, GL_SPECULAR, col1); 

(b) What is the ambient color of vertex V0 due to light S? 

Answer:

Ambient color = (0.1,0.1,0.1) x (1,0.5,0.2) = (0.1,0.05,0.02)
(c) What is the diffuse color of vertex V0 due to light S? 

Answer:

L = (4,4,0) – (1,0,0) = (3,4,0)
Normalized L = (0.6,0.8,0)

Normalized N = (0,1,0)
Diffuse color = N.L * (1,1,0.8) x (1,0.5,0.2) = 0.8 * (1,0.5,0.16) = (0.8,0.4,0.0.128)

(d) What is the specular color of vertex V0 due to light S? 

Answer:
V = (2,2,2) – (1,0,0) = (1,2,2)

Normalized V = (0.333,0.667,0.667)

H = L+V = (0.933,1.467,0.667)

Normalized H = (0.50,0.79,0.36)

Specular color = N.H * (1,0.8,1) x (1,0.8,0.8) = 0.79 * (1,0.64,0.8) = (0.8,0.5,0.64)















































































