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1. The robots are used because they can perform 4A job in 4D environment. 
What is 4A and 4D stand for?  (8 points) 
 

2. What is the rotation matrix for a rotation of 30º about the OZ axis, followed 
by a rotation of 60º about the OX axis, followed by a rotation of 90º about 
the OY axis? (12 points) 

 
 

3. For the figure shown below, find the 44× homogeneous  transformation 
matrices i

i A1−  and iA
0  for i=1, 2, 3, 4. (30 pints)  

Note: can you find the answer by observation based on the geometric 
interpretation of homogeneous transformation matrix?  
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4. What is the physical meaning of non-holonomic constraint? Among the five 
drive systems (differential drive, tricycle, synchronous, Ackerman Steering, omni-
directional drive), which satisfy the non-holonomic constraint, which don’t? (20 
points) 
 
 
 
 
 
5. How to determine the motor speed and direction using an optical incremental 

encoder? (20 points) 
 
 
 
 
6. What is the Shannon’s Sampling Theorem? (10 points) 
 
 
 

 


