Name: __________________         Email: ____________


Midterm Exam

Computer Graphics I (15-462), Fall 1999

13 Points Total

Please put your name and email address at the top of all pages, as they will be graded separately.

This midterm is closed book.  In order to get full credit on the problems, you must show your work.  If you need more space for your answers, you may use the backs of the pages so long as they are clearly marked.  You should glance over the whole midterm first before attacking individual problems.

1. Hierarchies (2 points)

In this problem you are given a picture of a block A, and a transformation hierarchy.  Everything is in 2D.  The matrices are written in homogeneous coordinates, and they act by left-multiplying column vectors (the convention used in class).  Your task is to draw the 2D picture that the hierarchy represents.  Don’t worry about it being beautiful, but do remember to draw the dot which is part of block A whenever you draw the block.

[image: image1.png]langth & V30 degrees

vs g
~_ @ o~

length &




[image: image12.wmf]P

Q

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

=

0

1

0

0

6

/

1

1

6

/

1

0

0

6

/

1

1

6

/

1

0

0

1

0

Show the resulting angles and end point coordinates.
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(note that the identity transformation at the top only groups the others together, as in problem set #1) 

Draw your result here: 
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2. Constructive Solid Geometry (2 points)

Suppose we have a very long cylinder C and a wide, thin flat plate P.  To simplify things for this problem, you don’t need to think about the ends of the cylinder or the edges of the plate.  Assume the cylinder has radius r and the plate has thickness t.  

a) Write implicit equations for the cylinder and the plate in terms of coordinates x, y, and z.  Assume the plate lies in the X-Y plane and that the cylinder is aligned with the Z axis.  Remember that you may ignore the ends of the cylinder and the edges of the plate.

C(x, y, z) = x2 +y2 – r2

P(x, y, z) = z(z – t) or abs(z) - t/2 or max(-z, z+t)

b) Write a constructive solid geometry expression for subtracting the cylinder from the plate to produce a plate with a cylindrical hole.

P and (not C)

c) Write an implicit equation for a plate with a hole by implementing your answer to part (b) using the equations you wrote in part (a).
PH = Max(P, -C)


d) Suppose we have polygonal representations for the plate and the cylinder.  Describe how to use the results of (a) and (c) to build a polygonal representation for the plate with the hole.  Be sure to specify which directions should be “outward” for any given polygon.  You needn’t worry about possible mismatches of vertices at the seams.
Check all the points with the formula for C), PH.  If < 0, accept, if > 0, reject, if = 0 check if C = 0, if it does, use inverted normal from C for that point.  If it doesn’t, use regular normal for P.

3. Translating Splines (4 points)

The following control points define a loop made of Catmull-Rom spline segments.  One segment will bridge the gap between P1 and P2, one will bridge the gap between P2 and P3, and so on all the way around until the last segment bridges the gap between P6 and P1.

a) Which control points define the segment between P2 and P3?  We will concentrate on that segment, which we will name S1.
P1, P2, P3, and P4
b) We want to define a Bezier spline segment which exactly matches S1.  The goal is to produce exactly the same curve, but with a Bezier spline matrix and different control points.  Which of the original control points (if any) will still be control points for the Bezier version of the segment?
P2 and P3
c) Mark the approximate locations of any new control points that will be needed on the diagram.  
(see below)
[image: image14.wmf]÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

-

-

=

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

è

æ

-

-

-

-

-

=

0

0

0

1

0

0

3

3

0

3

6

3

1

3

3

1

0

0

1

0

0

2

/

1

0

2

/

1

2

/

1

2

2

/

5

1

2

/

1

2

/

3

2

/

3

2

/

1

Bez

CR

M

M

[image: image15.wmf](

)

[

]

[

]

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

4

3

2

1

2

3

1

P

P

P

P

M

u

u

u

u

P

Below are the basis functions for Bezier and Catmull-Rom splines (with tension=1/2).  The Q’s are the new control points for the Bezier curve segment.  For a given value of u, the Bezier version of our curve should fall in exactly the same place as the Catmull-Rom version.  Use this fact to write down a matrix equation for the new control point locations in terms of the old.  You need not actually invert any matrices.

Both the Bezier and Catmull-Rom curves have equations of the form:
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for some appropriate matrix M.  With that equation and the expressions given for P(u) for both curves, one can get:
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These can then be plugged into:
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Where P and Q are the column vectors of the old and new control points respectively.

Alternately you might remember that the gradient at P2 (which is the same as Q1) is ½(P3-P1) (since it’s Catmull-Rom with tension ½).  That is equal to 3(Q2-Q1), the Bezier gradient.  With the similar equation for P3 (also known as Q4) you can immediately write down this matrix equation:
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Poor Man’s Texture Mapping (2 points + 0.2 points extra credit)

In this problem you must write pseudocode to draw a texture map on a cylinder, drawing one point at a time.  The cylinder is to have a radius of 1 unit and a height of 2 units; it is centered at the origin and its axis is aligned with the Z direction.  Use OpenGL-like calls to do your drawing.

Draw the cylinder simply by drawing a few hundred thousand points on its surface, one 3D point at a time.  The image to be used in the texture map should come from a picture pic[i][j], each value of which has red, green, and blue components. The indices i and j range from 0 to m-1 and n-1 respectively.  These are to be the actual colors of the surface;  you need not worry about lighting effects.

For 0.2 points extra credit, use bilinear interpolation to find the color for each point.

float i,j;

float x,y,z;

for(int k=0; k < few hundred thousand; k++) {


i = rand(); // value between 0 and 1


j = rand(); // value between 0 and 1


x= cos(i*2*);


y= sin(i*2*);


z= (j-.5)*2;


glSetColor(Pic[floor(i*m)][floor(j*n)]);


glDrawPoint(x,y,z);

}

4. Lighting and Shading (3 points + 0.3 points extra credit)

Consider the following illumination equation:
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Suppose we use this equation to calculate the shading for a simple scene containing one cylinder and one sphere resting on a texture-mapped tabletop. 

We’ll start with a single light source at infinity.

a) We want the cylinder and the sphere to be different colors.  Where does that color information fit into the equation?
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, and 
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 are vectors of (red, green, blue) values.

b) We want the sphere to appear shinier than the cylinder.  How do we achieve this?

Increase 
[image: image7.wmf]s

k

 the specular component of the color

c) We want to “polish” the cylinder to give it a smoother-looking surface.  How do we achieve this?

Increase 
[image: image8.wmf]shiny

n

, making it more like a mirror.

d) What role is played by the terms with the “a” suffix play?

Ambient Light.
e) How would we change the expression if we moved the light source from infinity to some finite distance? 
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 would have to include a 
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 component to account for the distance to the light.

f) What would be involved in adding a second light source?

Another 
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 term for the second light source.

g) For 0.3 points extra credit, rewrite the equation so that it implements depth cueing.

Multiply the whole thing by the reciprocal of the distance to the intersection.
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