Today: Reduced-Order Estimators Lecture 15
ECE 147B

Digital Control

Reading: FPW 8.2.5, 8.3
or: FV9.5.2,9.6 (RS-13)

Topics: - Separation Principle
- Guidelines for pole placement (control and est.)
- Reduced-Order Estimator
- Frequency Response Methods

Next Class: Frequency Response Methods.
-FPW 7.4 <or>FV (6.4), 6.5, (6.6) (RS-1)
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Using the state estimate for feedback...

Recall STATE FEEDBACK
Control uses the true state:

What if we use the state ESTIMATE
for feedback control, instead?
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Closed-loop Pynawics, for state (x) and error (e
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Eigenvalue examples, via MATLAD

Below is code to “see” some of the ideas for yourself - at least for our toy examples:

=il S . N
syms ‘51 a2 a3 ad b1 b2 b3 bd ¢l 2 ©3 ¢4 £ — 3““6“;"‘6‘ ILB@C [“\ MATLAR )
A = [al a2; a3 a4]: i — S il

B = [bl b2; b3 b4]; [z 0 0 0O & @ ¢ &

C = [cl c2; ¢3 c4]; ' . I :

M = [A C; zeros(2,2) B] 'Idet 0 < 0 0 a, a, €3 C, —dﬁt(il M)"

M = N _ "

[ al, a2, cl, c2] U Rnee _\ g bi bz

[ a3, a4, c3, c4] 0 0 0 z| (NSNER b, b,

[ b1, b2) = WQJ%

[ 0, 0, b3, b4d]

zI = z*eye(4) ‘\ A (Zr\ }(ZY\\

I = ouser el

[ z, 0, 0, 0] 0‘
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[ Or Ur Z, U]

[ 0, O, 0, 2] ALL EEQ‘OS

det(zI-M)

ans =

z*"4 - ad*z~3 - bl*z*3 - bd*z*3 - al*z~3 + al*ad*z"2 - a2*¥a3*z"~2 + al*bl*z"2 + al*bd*z"2
+ ad4*bl*z"2 + ad*bd*z*2 + bl*bd*z~2 - b2*b3*z~2 + al*ad*bl*bd - al*ad*b2+*b3 -
a2*a3*bl*b4d + a2*a3*b2*b3 - al*ad*bl*z + al2*a3*bl*z - al*ad*bd*z + a2*a3*bd*z -
al*bl*bd*z + al*b2*b3*z - ad*bl*bd*z + ad*b2*b3*z

Smellfy(det{zI—H)}

- foﬁw,

Ia2*a3 - al*a4 + al*z + ad*z - z“2) {b2*b3 - bl*b4 + bl*z + b4*z - z“2)
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DT (dlscre’re time), [T = 0.01 sec] - sys’rem resulhng from ZOH ’@ k'"'||
/ L
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Reduced-order Estimator

What if you only want to “estimate” a subset of the entire state vector? e.g., You only
want to estimate “unmeasured” states, which are not inside y. For example, in LAB:

————
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This looks a lot like X(k T l) . Ax(k) i Bu(k) X (,y,ﬁ /A%K (e jr(p‘b XQCLSJ'_B W® (
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"'.U\;” "I'L\rd

..if we make the following SUBSTITUTIONS:
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GOAL is to match THIS form: x(k +1) = Ax(k) + Bu(k) + L(y(k) — Cx(k))
(But estimate ONLY x,(k)...) Uji, P’it?/t,t, B Troou ‘3’\ B &bo\l\e{
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Reduced-order Estimator
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