
CSCE 4813 - Computer Graphics 
Midterm Exam - Spring 2010 

 
Instructions:    
 
This is a closed book exam.  One 8.5 x 11 page of notes are allowed.  Calculators can be used for 
numerical calculations only (not as electronic notebooks).  Please write neatly and sign your 
name to your exam.  Raise your hand if you have any questions. 
 
Name: ____________________ 
 
 
Geometric Objects (30 points) 
 
Assume that you have been hired to create the geometric models for a video game called 
“BlobWorld”.  All players and objects in the video game are made up of blobs which are 
represented by patches of rectangular polygons that are stored in 2D arrays of the form:  
 float X[10][10],  Y[10][10],  Z[10][10]; 
 
Your co-workers have initialized the polygon coordinates for all of the geometric models but 
forgot to create surface normals (probably because they were playing video games instead of 
programming).   
 

• Describe how you would calculate one surface normal for each polygon vertex.  Draw 
diagrams and write pseudo-code as necessary to explain your approach. 

 
• Now that you have surface normals for every polygon vertex, how would you estimate a 

single surface normal for each polygon? 
 
• Your boss has decided that your blob models look too soft and smooth, and not rough 

enough for the video game market.  Explain how you could modify the geometric model 
above to make it look less smooth. 

 
Geometric Transformations (30 points) 
 
We have discussed rotation, translation and scaling transformations in class.  For this question, 
we will be using the following notation:  

R(theta, axis) denotes a rotation by theta degrees around the specified axis. 
T(dx, dy, dz) denotes a translation by (dx, dy, dz) units. 
S(sx, sy, sz) denotes a scaling by (sx, sy, sz) units. 

 
• Draw a small picture that shows what happens to an object when you first apply rotation 

R(45, z) followed by a scaling of S(2, 1, 1).   Will you get the same picture if you apply 
the operations in reverse order?  Do you think this is true for all rotations followed by 
scalings?  Explain. 



 
• Draw a small picture that shows what happens if you translate an object by T(10, 0, 0) 

followed by a rotation of R(90, z).  Is it possible to get the same picture by applying a 
rotation R(theta, z) followed by a translation T(dx,dy,dz)?   Do you think this is true for 
all translations followed by rotations? Explain. 

 
• The formulas for rotating about the x,y,z axes are well known and can be easily 

represented in 4x4 matrices.  Sometimes we want to rotate about an arbitrary axis to 
simplify user interaction or to get different visual effects.  Describe the sequence of steps 
you would go through to rotate an object around the axis A = (ax, ay, 0).   Use diagrams 
and equations to show how this process works.   

 
 
Computer Viewing (20 points) 
 
In OpenGL (and many other graphics APIs) the perspective projection operation simulates an 
ideal pin-hole camera model with the center of projection at the origin (0,0,0) and the camera 
pointing in the z-axis, with an up direction along the y-azis.   All (x,y,z) points in the scene are 
projected on the z=d plane, so they have coordinates (xp, yp, d).  Using similar triangles, we 
obtain the following formulas:  xp = x * d / z,  yp = y * d / z. 
 

• Describe what will happen to the image we are creating if we increase or decrease the 
depth of the projection plane (changing d).  Use diagrams to explain your answer. 

 
• Sometimes it gets boring looking through the same pin-hole camera from the same 

position.  Describe one way you could modify the system so the camera is pointing down 
the x-axis, with an up direction along the y-axis.  Use diagrams and equations to explain. 

 
 
Computer Shading (20 points) 
 
In the Phong shading model, the amount of light reflected from a surface has three components:  
the diffuse term D, the specular term S, and the ambient term A.  By combining these terms the 
color of an object is given by:   I = kd * D + ks * S + ka * A, where (kd, ks, ka) describe the 
reflection properties of the object. 
 

• Describe how the diffuse term D is calculated?  What additional information about the 
object or the environment do we need?  Use diagrams and equations to explain. 

 
• Describe how the specular term S is calculated?  What additional information about the 

object or the environment do we need?  Use diagrams and equations to explain. 
 


