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Homework 3 – State Estimation and Project Proposal 
Due Nov. 4, 2011 

 
This homework involves two parts.   
 
1) In part I, you are asked to use MATLAB to simulate a passive pendulum that measures angular position as an 
output.  This measurement is corrupted by an unknown encoder offset, analogous to the offset our encoders in lab 
have (since the encoders are not indexed).  Your system will have three states: measured angle (i.e., angle minus 
offset), angular velocity, and angle offset (which remains constant). The actual pendulum angle is the sum of the 
first and third states. The system will have one output: measured angle (state 1, only). 
 
Parameters:  

• Assume the plant has an undamped natural frequency of 10 rad/s, with damping ratio (zeta) of 0.02. 
Assume the actual encoder offset is a constant 10 degrees. 

• Assume the model has an undamped natural frequency of 6 rad/s, with damping ratio (zeta) of 0.1. Assume 
the model of encoder offset is initially 0 degrees.  (This offset is a state you will estimate during 
simulation.) 

• Use a time step of T=0.001 seconds for simulation.  You may use the c2d function in MATLAB to create a 
discrete-time state space system for simulation. (See attached pages for a suggested template, if desired…) 

• Start with an initial condition of X0 = [20; 0; 10]*(pi/180) 
 
a) Estimate all 3 states over time using a standard observer, L. Set the poles of the observer to be about 5 times faster 
than the poles of the model.   
 
b) Now, estimate all 3 states using a Kalman filter.  Set Q, R, and P0 such that results seem “reasonable”.  Note that 
only a few lines of code need to be modified to implement b), once you have completed part a). 
 
For each part, a) and b), turn in a one-page figure with the following sub-plots: 

• Actual and estimated pendulum angle over time on a single subplot (state 1 plus state 3) 
• Actual and estimated angular velocity (state 2) 
• Actual and estimated encoder offset (state 3) 

 
 
2) For problem 2, you should submit a short project proposal (1/2 to 1 page in length).  If you have a partner, only 
one of the two of you need submit this proposal. (Just list both names on the proposal, of course.)  You should  
 

1. specify your intended hardware and control goals,  
2. list (briefly) basic steps you plan to use to get to your goal (e.g., system ID, modeling in MATLAB, 

designing an estimator or using other signal filtering strategies, control techniques are might try, etc…),  
3. identify potential “stumbling block(s)” you think might be particularly challenging (if any), and  
4. if there is significant “risk” you can identify in part 3, list a potential “back-up plan”.   

 
Parts 3 and 4 would mostly apply if you trying to control a system no one has ever controlled before (for example), 
such as hardware for research.  They may also apply if you are trying to do something particularly unique, however, 
such as playing ping pong with the acrobat, etc. 
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