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Output Feedback

Tracking:
o= fo(n,§)
€ = €1, 1<i<p-1

& = a(n, &) +b(n, u+d(t,n,&u)—r? ()
Regulation:
77 = fo(ﬁ»f»w)
& = &g, I<i<p-—1
& = a(n&w)+b(n & wu
y = &

m Design partial state feedback control that uses ¢
m Use a high-gain observer
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Tracking sliding mode controller:

w= (e s (B0 bt )
W

Regulation sliding mode controller:

u=—B(¢) sat (’foeo ket ke + ep)

L
€g=€1=Y—T

B is allowed to depend only on & rather than the full state
vector. On compact sets, the 7-dependent part of o(n, &) can
be bounded by a constant

Nonlinear Control Lecture # 38 Tracking & Regulation



High-gain observer:

X A % A .
6 = ei+1+€—;(y—r—el), 1<i<p-—1
X (67 ~

€p = g_g(y_r_el)

)\p+041)\p’1+---+04p,1)\+ap Hurwitz
e —é
£ 2E=¢+R

~ ~

BE) — Ps(§) (saturated)
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Tracking:
~ ke oot k6 2
u:—ﬁs(f)sat(lel_'_ + p—1€p 1+€p)
L
Regulation:

u = —Bu(€) sat (koeo +hkier+-+kpae, 1+ é,,)

1
We can replace ¢é; by e;

Special case: When f, is constant or function of é rather
than &, we do not need the derivatives of r, as required by
Assumption 13.4

Nonlinear Control Lecture # 38 Tracking & Regulation



The output feedback controllers recover the performance of
the partial state feedback controllers for sufficiently small €. In
the regulation case, the regulation error converges to zero

Relative degree one systems: No observer

v (y;T>’ u=—f(y)sat (%)
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Example 13.5 (Revisit Example 13.2 and 13.4)

Use the high-gain observer

A A 2 A A A
€1 =€ + 2(61 — 1), e — ?(61 — )

to implement the tracking controller

€1+€2

u = —(2|ez| + 3) sat ( > (Example 13.2)

and the regulating controller

%
u = —(2|e1|+4|e2| +4) sat (%ﬂ) (Example 13.4)

Replace e, by é; but keep e
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Saturate |é5| in the § function over a compact set of interest.
There is no need to saturate é; inside the saturation

For Example 13.2,
Q=A{ler| <¢/0} x{|s| <¢}, ¢>0,0<0<1

is positively invariant. Take c =2 and 1/6 = 1.1
Q= {ler| < 2.2} x {Js] < 2}

Over Q, |ea| < |e1] + |s| < 4.2. Saturate |é;] at 4.5
= — <2 x 4.5 sat (@> —|—3> sat (el +62>
4.5 W
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|
For Example 13.4,

5 . €o . 0 ]. . 0
(_AC‘FBS; C— |:€1:| , A= |:_1 _2:| B = |:1:|
PA-l—ATP = _170 <0< 1>P1 = /\maX(P)(QHPBH/Q)QvC >0

Q={"PC < pic’} x {Is| < ¢}
is positively invariant. Take ¢ =4 and 1/0 = 1.003
Q= {¢"P¢ <55} x {|s| <4}

Over Q,
leo + 2e1| < 22.25 = |ea| < |eg + 2e1| + |s| < 26.25

Nonlinear Control Lecture # 38 Tracking & Regulation



|
Saturate |é;] at 27

. _
w=—(2er] +4 %27 sat (121} £ 4) sa (21 +8
27 p

Simulation; (a) Tracking, (b) regulation

_J 0.05 (dashed)
71 0.01 (dash-dot)

State feedback (solid)
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