Lecture 14
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Topics: _ State estimation: feedback approach

_ Estimator design via pole placement

- Observability (compared to Controllability)
- Separation Principle

- Reduced-Order Estimator

Next Class: Frequency Response Methods.
_FPW 7.4 <or>FV (6.4), 6.5, (6.6) (RS-1)




n states
tate Estimation - “feedback” approach ngg;

Start with some “initial value” as an ESTIMATE of the states...
_use BOTH a MODEL (“Ax+Bu”) and a MEASUREMENT (" y=Cx+Du").

Estimate of state WITH MEASUREMENT FEEDBACK :  X(k +1)
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State Estimation - “feedback” approach
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Lets compare:
- pole placement for state feedback
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- pole placemen’r for es’rlma’ror design -
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MATLAB commands? ﬁ

Let’s compare: o
- pole placement for state feedback
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- pole placement for estimator design
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Observability (vs confrollabili/’f%(&%ﬁﬁ(;@

> When can we set estimator poles arbitrarily?

“Controllability” question is ANALOGOUS to”"Observability”
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Using the state estimate for feedback..

Recall STATE FEEDBACK <— .

Control uses the true state: |M(k) = —K)C(k)l

hat if we use the state ESTIMATE A~
@ckfcon’rrol, instead? j \u(k) = —Kx(k)‘
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Example: continved \63 o & _0\65
C = [0 1]; CéﬁfﬁiﬁKCHr ~ qiﬁzﬁr
pe ct = 3*pct Lt WS ng~
pe dt = exp(pe_ct*T); OO
Lpc = place(A’,C’,pe_ct)’
Lpd = place(Ad’,Cd’,pe_dt)’ 4
Kd = place(Ad, Bd, pdt) ;\ eSS
ex ot
Xinit = [10;10]; é:<§*&(&-(}j(
Xest = [0;0]; '
N = 100 \\
X = zeros(2,N); X(:,1) = Xinit; ( _NT “_
Xe = X; Xe(:,1) = Xest; B
u = zeros(1l,N); ‘kfﬁ\ \0¢;5 }dfwéxtr O&Q~,
for n=1:N-1 g{ _@f? ‘J%f#i¥f/
= P A
u(n) = -Kd*Xe(:,n);

Xe(:,n+l) = (Ad-Lpd*C)*Xe(:,n) + Bd*u(n) + Lpd*C*X(:,n);
X(:,n+l) = Ad*X(:,n) + Bd*u(n);

end

t = T*[0:N-1];

figure(l); clf; subplot(211)

plot(t,X,'.=-"); subplot(212)

plot(t,X-Xe;"'.-");






Separation Principle
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How to place poles, to set “K” and Lp™?

Controller poles:
Estimator poles: | I M E ‘
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