
 

 

ELEC-E8116 Model-based control systems 
Full exam.  22. 12. 2021                   

• Write the name of the course, your name and student number to each answer sheet.  

• There are five (5) problems and each one must be answered. 

• Read the instructions in a separate file (Instructions), which is available in the Exam Assignment 

and which has also been published in advance. 

• In problem 0 sign with your name (typesetting is enough if you use computer document) in which 

you assure that you follow the exam regulations. 

 

 

Each problem 1-5 gives the maximum of 6 points. 

 

Note 1:  Solutions obtained by computer are not presented and not accepted.  Computer can be 

used in verification, but that is only for yourself to check the results, if needed.  

Note 2:  In many questions below you have to explain something (e.g. concepts).  It is then not 

enough that you take some formulas, expressions or text from the course open book material; 

instead, you have to answer the questions in your own words such that the reviewer can see that you 

have really understood the issue. The answers do not have to be long, but they must be clear to the 

reader. 

 

0. Write your signature confirming that you follow the exam rules. 
 

1. Consider the multivariable closed-loop control configuration   
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Write the equations describing the system and identify 

 

a. closed-loop transfer function     (1p) 

b. sensitivity function      (1p) 

c. complementary sensitivity function    (1p) 

 

Write expressions for the output variable y0 , control variable u  and error variable e = r-y0.  What 

conditions to the above functions  (a-c) should be set, in order the system to operate ”well”? (3p) 

2.  For the system 

0( ) ( ) ( ), (0)x t x t u t x x= + =   

calculate the control law and optimal cost, when the criterion to be minimized is 

 



 
1

2 2

0

1
(1) ( )

2
J x u d = +                    (3p+3p) 

 

3.  Consider the matrix 
1 2

3 4
A

 
=  
 

. 

 

a. Calculate the singular values of the matrix.   (2p) 

b. Explain, what singular value decomposition means.  How can it be used to analyse 

multivariable systems?     (4p) 

 

4. Explain briefly the following concepts (1p each): 

 

a. Principle of Optimality 

b. Small Gain Theorem 

c. Conservative control law 

d. Smith predictor 

e. Loop transfer recovery 

f. Robust stability 

 

5.  Consider a multivariable system with the transfer function matrix  
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, where the parameters a, b, c, d are real constants, not all zero. 

 

a. Calculate the poles and zeros of the system. Is it possible to choose the values of parameters 

such that the system would be unstable?    (2p) 

b. Determine conditions of the parameters such that the minimal realization of the system will 

have two states. Show an example of a suitable parameter set.  (2p) 

c. Determine conditions for the parameters such that the system will have an RHP zero.  Show 

an example of a suitable parameter set.    (2p) 

 
 

 


