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1 
 
Given the following controlled process. We want to design a model reference adaptive 
controller for this process. The process is going to be controlled by a controller with 
adjustable parameters Kp and Kd. 
 

 
 
 

a) Two design methods for designing a model reference adaptive controller are well 
known. Describe shortly the ideas behind each of these methods.  

b) Which of the two methods would have your preference when you want to use a 
MRAS-based controller in a practical situation? Explain shortly why your choice is 
the preferred method 

c) Expand the above-given block diagram to a block diagram of a model reference 
adaptive system. The block diagram should have enough detail to clearly show the 
adaptation mechanisms. If you prefer, you may also give all the equations relevant for 
updating the controller parameters. You may describe the situation for one of the two 
methods, even if this is not the method you preferred at answer c. 

 

2 
 
Self tuning regulators are often used in an indirect adaptive system. 
 

a) Give a block diagram of an adaptive system based on indirect adaptation. 
 
Because of the discrete nature of such systems a discrete method for the identification of the 
plant G(z) is needed. 
 

b) Given a plant G(z) with three poles and two zeros, write the regressor equations which 
can be used in order to estimate the transfer function G(z) in real-time. 
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3 
 
Consider the next robotic system: 

 
The joints θ 1 and θ 2 are driven by electric motors via a gear. The gears introduce friction in 
the drive train. 
 
I Non-repetitive motions. 
The situation is that the system is to be used in an industrial set-up to perform non-repetitive 
motions. The robot will be controlled by a Learning Feed-forward Control system with a path 
generator. The outputs of the controller are the commanded torques for both electric motors. 
The angles θ 1 and θ 2 are measured by rotational encoders. 
 
a) Draw the detailed block diagram of the complete LFFC with path generator. Make sure 

that the learning part(s) are clearly recognizeable. Describe the function of each block in 
your scheme. Denote names for all signals.  

b) Motivate the choice of inputs for the LFF block(s) in your control scheme of question a) 
c) Name at least 3 candidate function approximators that could be used in the LFF block. 

What are the principal characteristics and the pro's and con's of each? Which one would 
you prefer for this application? 

 
II Repetitive motions. 
A better control performance can usually be achieved in case of an application where the 
same motion (forth and back) is performed time and again. 
d) Which algorithm / control scheme would you use in this case? What are the main 

characteristics of your preferred option? 
e) How would you ensure convergence (stability)? List the steps you would need to take 

consecutively to complete the convergence analysis. 
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