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Problem 1:  The open-loop system

1) Assume that x is available for state feedback. Design an LQR control law by letting R=1 and choosing Q so that all the elements of the feedback gain K have absolute value less than 50.  Requirement:  |y1(t)|, |y2(t)| (0.05 for all t > 5. Plot y1(t) and y2(t) in the same figure for t([0,20].  

2) Assume that only the output y is available. Design an observer so that the poles of the observer are -5+j5, -5-j5, -10. Choose the observer gain so that all the elements have absolute value less than 100. Form a closed-loop system along with the LQR controller in part 1).  Plot y1(t) and y2(t) in the same figure for t([0,20]. 

Solution:     1) Given 
[image: image28.wmf]).
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Pick 
[image: image2.wmf]20000

02000

Q

éù

=

êú

ëû

, 

K = lqr(A,B,C'*Q*C,R),   
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eig(A-B*K) ={-0.0223, -1.0012, -44.7660}

The Simulink model is




[image: image4.png]- = pvn P N
- o [T |
: S Towekpa
o S Satespae
o
« le

O—> ¢

Clack ToWotspace





The output is,
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2) Using the approach of full dimensional estimator,
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T=lyap(-F,A,-L0*C); L=inv(T)*L0; 
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eig(A-L*C) ={-5.0000+5.0000i, -5.0000-5.0000i, -10.0000}

The Simulink model is
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With 
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, The output is,
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Problem 2:  The open-loop system
Construct a feedback law from u and y such that the disturbance is rejected. Adjust controller parameters (K and L) such that |y1(t)|, |y2(t)| (0.02 for t > 15sec and |u(t)| (25 for all t under the given initial condition of x  and d(t) = 5 sin(t). Plot u(t) in one figure,  y1(t) and y2(t) in another figure.

Solution:   Given 
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Take 
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, thus, 
[image: image15.wmf],    ()

v

vSvdtCv

==

&

,

 
[image: image16.wmf] ,    ,        where

010000

001000

01000

,    ,    [0]

123101

0000100

000010

000100

zzz

v

zzz

x

LetzzAzBuyCz

v

ABCB

ABCC

S

éù

==+=

êú

ëû

éùéù

êúêú

êúêú

éùéùéù

êúêú

======

--

êúêúêú

êúêú

ëûëûëû

êúêú

êúêú

-

ëûëû

&


Observer Design: 
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T=lyap(-Fz,Az,-L0*Cz); L=inv(T)*L0; 
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State Feedback Design: 
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T=lyap(A,-F,-B*K0); K=K0*inv(T); 
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The Simulink model is
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With 
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 The output is,
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