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1 We consider moving a car for a 2D computer game. The car is 

modeled in local coordinates (see figure). The center of the 

car is in the origin of the local axis frame, a line from this 

center to the center of the front of the car coincides with the 

local positive x-axis. The position and direction of the car in 

world coordinates is described with a homogenous 

transformation matrix M, via MXY = , where X is a point in 

local coordinates and Y a point in world coordinates. Answer 

the following questions. It may be assumed that T(x,y) and 

R(a) are functions that return a homogenous transformation 

matrix, respectively for translation over a vector (x, y) and for counterclockwise rotation around the 

orign over an angle a in radials. Transformation matrices do not have to be given element-wise. 

a) Give a transformation matrix P(x, y, a) that has the effect that the car is moved to point (x, y) 

and gets direction a. 

b) It is desired to move the car by multiplying the matrix M with another matrix N, where N 

represents a move in local coordinates. What is the proper way to multiply: M’ = NM or M’ := 

MN ? 

c) We consider three variations for the move N:  

F: Advance the car forward over a distance d; 

BL: Make a turn to the left; 

BR: Make a turn to the right. 

For the turns it holds that the car is moved along a circular arc with radius r over an angle α. 

Give the transformation matrices F, BL and BR. 

d) We want to make turns with slip. We describe this simply with a sidewards translation per move 

over a distance s. Give the corresponding transformation matrices BSL en BSR that represent turns 

with slip. 

 

 

2 It is desired to draw a mountain landscape. The base plane is a rectangle given by 

10 XxX ≤≤ and 10 YyY ≤≤ , the height z is described with a function z = f(x,y).  

a) Give a procedure for drawing this mountain landscape. Make the accuracy controllable. 

Assume a function DrawTriangle(P,Q,R) is available for drawing a triangle PQR. 

 

b) We add illumination. We use diffuse reflection and color triangles uniformly. The viewing 

point is at a position E, the vector L points towards a light source at infinity with intensity I. 

Assume a function SetGray(g) is available for setting the gray value (between 0 and 1) of 
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triangles to be drawn. Give a procedure DrawShadedTriangle(P,Q,R), where the grey value is 

set before drawing the triangle.  

 

c) It is desired to accentuate steep parts of the mountain landscape by coloring triangles red that 

are at an angle larger than 60 degrees with the horizontal plane. Assume that a function 

SetColor(r,g,b) is available for controlling the color. Describe how this can be implemented.   

 

d) Assume that the z-buffer algorithm cannot be used, what is then a simple method to make sure 

that in the end only visible surfaces are displayed?   

 

 

3 Given two line segments AB and CD, A=(−1,0,0), B=(0,0,0), C=(1,1,1) and D=(1,1,2). It is desired 

to connect point B and C with a Bézier quadratic spline, such that we obtain a single smooth curve. 

A segment of a Bézier quadratic spline with control points P0, P1 and P2 is given by   
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a) Describe why at least two segments are needed 

to meet the demands. 

 

b) Suppose that two segments P and Q are used, 

with control points P0, P1 and P2, and Q0, Q1 and 

Q2. What are the conditions to the control points 

to make sure that the two segments are 

connected and that all transitions from segment 

to segment are smooth? 

 

c) Give all possible positions for the control points, 

with as additional constraint that the segments 

should not be outside the unit cube 

1,,0 ≤≤ zyx . How many free parameters are left over? 

 

d) Next, determine the control points such that all distances between succeeding control points (P0 

and P1, P1 and P2, Q0 and Q1, and Q1 and Q2) are equal. 

 

 

4 We consider basic techniques and concept for computer graphics. 

 

a) Mention a characteristic difference between perspective projection and parallel projection: 

 

b) Mention a characteristic difference between convex and concave polygons. 

 

c) Mention two illumination/shading effects that can be simulated with ray-tracing and not with 

a simple illumination model. 

 

d) What is the difference between flat surface rendering and Gouraud surface rendering? 
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