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Objectives

( )1) Regulation: 0 as 
2) (Internal) Stability: Achieve specified transient response

Robust Regulator Problem: Find a solution to the Reg

Regulator Problem: Find a controller to achieve the following
z t t→ →∞

ulator 
Problem that satisfies

3) Robustness: 1) and 2) should be maintained under specified 
    small perturbations of plant and/or control parameters



Solution: Part 1- Regulation
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Solutions typically are 
not unique



Solution: Part 2- Stability
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Now, if ,  is controllable, it easy to choose 

so that the closed loop  has desired transient
characteristics.
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can be written as a function of the system
states ,
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Solution: Part 3- Observation

( )
The control will be implemented using estimates of the
composite state , . Consider the composite system

0 0
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choose a matrix
, so that the following observer has the desired dynamics:
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Properties of the Loop
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Example
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Example, Cont’d
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Example, Cont’d
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Example Cont’d
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Cruise Control Example: Distance 
Following Mode
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Cruise Control, 2
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Cruise Control, 3
[ ] 0 1

For controller poles: -5,-4 yields 20 8.98
20 9

K A BK  
= − ⇒ + =  − − For observer:

>> Ae=[0,1,-1,0,0,0;0,-0.02,0,0,-.98,0;
              0,0,0,1,0,0;0,0,0,0,0,0;
              0,0,0,0,0,0;0,0,0,0,0,0];
>> Ce=[1,0,0,0,0,0;0,1,0,0,0,0;0,0,0,0,0,1];
>> poles=[-20,-21,-22,-23,-24,-25];
>> place(Ae',Ce',poles)'
ans =
   1.0e+04 *
    0.0072    0.0001         0
    0.0000    0.0043         0
   -0.1727   -0.0001         0
   -1.3800   -0.0015         0
   -0.0000   -0.0471         0
         0            0           0.0020



Cruise Control

v1
0.02s +

− −u d

4w d=

1
s

3 9.8w θ=20
8.98
8.96
1
1
20

− 
 − 
 −
 
 
 
 
− 

1

2

3

4

ˆ

ˆ
ˆ
ˆ
ˆ
ˆ

d
v
w
w
w
w

 
 
 
 
 
 
 
 
  

1 fw v=

Observer Extended
Feedback Gain

Speed of
Leading
vehicle

Distance
command Road slope 

disturbance


	Introduction to the Linear Regulator
	Disturbance Rejection Setup
	Objectives
	Solution: Part 1- Regulation
	Solution: Part 2- Stability
	Solution: Part 3- Observation
	Properties of the Loop
	Example
	Example, Cont’d
	Example, Cont’d
	Example Cont’d
	Cruise Control Example: Distance Following Mode
	Cruise Control, 2
	Cruise Control, 3
	Cruise Control

