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Nonlinear Systems and Control
Lecture# 31

Stabilization

Output Feedback



ﬁn general, output feedback stabilization requires the use of
observers. In this lecture we deal with three simple cases
where an observer is not needeo

# Minimum Phase Relative Degree One Systems

# Passive systems

# System with Passive maps from the input to the
derivative of the output
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Minimum Phase Relative Degree One Systems

B i = f(x) +g(@)u, y=h()

f(0)=0, h(0)=0, Lgh(x)#0, VzxeD
Normal Form:

_ _ o _ ¢

»(0) = 0, Lg¢(m) = 0, Yy — _ h(z) _

n=fo(ny), y=v@u—al@), @) #0



fAssumptions:
The origin of n = fo(n, 0) is exponentially stable

ci|nl* < Vi(n) < ezlnl®

A%

- Fo(m,0) < —esm?
7

A%

< c4ln||

| fo(n,y) — fo(n,0)|| < Li|y]
la(z)y(x)| < La||n|| + L3y
Y(x) > v% >0
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- High-Gain Feedback:

u=—ky, k>0

1= fo(n,y), Y=(=)—ky— a(x)]
V(n,y) =Vi(n) + 3y°

A%

V =——fo(n,y) — ky(@)y* — a(z)y(2)y
g

. OV OV
V = 8—1fo(?7,0) + —[fo(n,y) — fo(n,0)]
| on

— kv(x)y? — a(z)y(x)y
V < —cs|nl|? + caL1|nl| ly| — kvoy? + La2||n|| |y| + L3y?

o




V< —esl|nl® + eaLa |l [u] — kvow® + Lallnll |y] + Lsy®

— - T — - _ -
v < _ | lInll c3 —3(L2 + caLy) 7]

— | |yl | | —3(L2+ecaLlr)  (Kyo — L3) Clyl

A\l _J/
vV

Q
det(Q) = cs(kvo — L3) — 3(L2 + caLq)?

det(Q) >0 for k > c3L3 + %(Lz + c4L1)7]

€370

The origin of the closed-loop system is exponentially stable

If the assumptions hold globally, it is globally exp. stable

o
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Passive Systems

fSuppose the system

= f(x,u), y=h(z,u)

IS passive (with a positive definite storage function) and
zero-state observable

Then, it can be stabilized by

u:_w(y)v 1?(0):0, yT¢(y) >0, Vy#0
V<uly=—y'yy) <0
VZO = yYy=0 = u=0

\— yt) =0 = x=(t) =0
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Systems with Passive Mapsfrom u to ¢

B b= f(e,u), y=h(z) -

f(0,0) =0, h(0)=0, hiscont. diff.

Suppose the system

oh o -
&= f@u), §=__f(x,u) < k)

IS passive (with a positive definite storage function) and
zero-state observable

V <uly

Withu =0, g(t)=0 = x(t) =0
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Y

—(O—— Plant
Y()—— fa
—:_LQ—> Plant 2 S
Y() — +a

Y
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ﬁ:omgigm

. b; .
2; is the output of —°= driven by w;
s + a;

u; = —1P;(2;)
a;,b; >0, 1;(0) =0, z;9i(z;) >0 Vz; #0

Zi = —aiz; + by,

Use

Ve(x,z) = V(x) + Z b%_ /OZi V(o) do

to prove asymptotic stability of the origin of the closed-loop

Lsystem
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fExampIe: Stabilize the pendulum
meo + mgsinf = u
at & = 61 using feedback from 6

$1=0—51, $2:é

. . 1 .
T1 = T2, To = m[—mg sin 6 + u]

u=mgsinl — k,r1 +v, kp>0

. . kp 1
L1 — L2, L2 — mewl _I_ mefv

Yy = oy, Y = T2
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1 2, 1 2
V = §kpa:1 + §m£:c2

* k 1
V = kpx122 + mlxs —-5x1 + v

Vz:czfv:yv

Withv =0, x2(t) =0 = x:(t) =0

v = —k4z, kg >0
u =mgsin@ — k,(0 — 61) — kqz
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