
October 17, 2016

Goals:
• Introduce control design concepts and classical “design patterns”
• Describe the design of state feedback controllers for linear systems
• Define reachability of a control system and give tests for reachability

Reading: 
• Åström and Murray, Feedback Systems 2e, Ch 7

CDS 101/110: Lecture 4.1
State Feedback



 

    
  

 
   

   

 
         
           
            

 
         

  
Design Patterns for Control Systems 

“Classical” control (1950s...) 
• Reference input shaping 
• Feedback on output error 
• Compensator dynamics 

shape closed loop response 
• Uncertainty in process 

dynamics P(s) + external 
disturbances (d) & noise (n) 

• Goal: output y(t) should track reference trajectory r(t) 

• Design typically done in “frequency domain” (second half of CDS 101/110a) 
“Modern” (state space) control (1970s...) 

• Assume dynamics are given 
by linear system, with known 
A, B, C matrices 

ẋ  = Ax + Bu • Measure the state of the 
y = Cx system and use this to 

modify the input 
• u = -K x + kr r 

 

• Goal unchanged: output y(t) should track reference trajectory r(t) [often constant] 
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(Cayley-Hamilton Theorem: Friday)
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Q1: can we move from a given initial population 
of lynxes and rabbits to a specified one in time T
by modulation of the food supply?

(From FBS Section 4.7)(growth rate)

(prey consump-
tion rate)
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Implementation Details
Eigenvalues determine performance
• For each eigenvalue λi=σi + jωi, get 

a contribution of the form

• Repeated eigenvalues can give addi-
tional terms of the form tk eσ + jω ⇒ be careful

Use observer to determine the current state if you can’t measure it

 Next week: basic theory of state estimation and observability
 CDS 110b: Kalman filtering = theory of optimal observers (and basis for particle filters, ...)

Estimator looks at inputs and 
outputs of plant and estimates 
the current state
Can show that if a system is 
observable then you can 
construct and estimator
Use the estimated state as the 
feedback
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