Nonlinear Systems and Control
Lecture# 24

Observer, Output Feedback
&
Strict Feedback Forms



fDefinition: A nonlinear system is in the observer form if
t= Az +~v(y,u), y=~Cxzx

where (A, C) is observable

Observer:

T

Az +~v(y,u) + H(y — C)
r=x — &

r=(A— HC)&
Design H such that (A — HC) is Hurwitz

o
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fTheorem: An n-dimensional single-output (SO) system
= f(z) +g(x)u, y=h(z)

Is transformable into the observer form if and only if there Is
a domain Dg such that

0
rank [—¢(w)] =mn, Vax € Dy
o

T
where ¢ = [ h, Lgh, --- L% 'h }
and the unique vector field solution = of

L %sz, where b:{o, «oo 0, I}T

ox
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Eatisfies

ladiT,ad}T] =0, 0<4,j<n-—1

f

and

g;adiT] =0, 0<j<n-—2

The change of variables z = T'(x) is given by

oT
ox

T

where

T, = (—1)i_1ad7}_17', 1<21<n
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fExampIe

:izz_ﬂl(;;()a:;m:ﬂt:(l):u, y = 1
(@) = LZSEZ:) B :ﬂl(wj})lﬂ%z_
oo L 3] o] =2 v
et ==l




of S | 0 1
adst = [f, 7] = — —7 = — o, = — | of,
ox | 8:1:2__1_ e
| dpr O(adsT) 0 0 |[o]
T,a fT — T = — 32132 a2f2
Ox | Owi0z2 0x2 | | 1
02 fa
[7,ady7] =0 & 92 0 & f2(x) = B2(xz1)+x283(x1)
2

g, 7] = 0 (g and T are constant vector fields)

All the conditions are satisfied

o
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T = (—1)Oad(}7' =7 =

Ty = (— 1)1a,df7' = —adfT =

oT
ox
i 8T1 3T1 i
8:131 sz
8T2 BTz
| 8:131 sz _
0T, __
3&32 T 1’
OT:
2 — O’

3&32

o
_1_
1
Bs(z1)

[7'1, Tz}:I

0o 1 | [10

1 53(:1:1)___01

oT oT
8:131 —I_’B (w )3:13; —

0T oT-:
8:13? _I_’B (CE )3:132 —
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oT oT
dzs — = 5z T B3(xz1) =0

Ti(z) = @2 — [, ' B3(o) do

aT T
3—:132 =0 = 3213? — 1, Tg(m) — A1

1
21:$2_/ /63(0') dO', Zo = X1
0

Yy = =2
_ o o], [Bw - 618w +u
10 - Jo Bs(o) do + B1(y)
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fDefinition: A nonlinear system is in the output feedback
form if

t1 = T2+ 71(y)
2 = x3+ 72(y)
Tp—1 = Tp+ Yp-1(Y)
Lp = Tpt1+Yp(Y) +bnu, by >0
Tpn—1 = Tp+ Yn-1(y) +biu
Tn = Yn (y) ~+ bou
L1

f
]
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fShow that

o The output feedback form is a special case of the
observer form

# |t has relative degree p
# |t is minimum phase if the polynomial

b8 + - -+ + b1s + bg

IS Hurwitz
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fDefinition: A nonlinear system is in the strict feedback form

if
r = fo(xr)+ go(x)z1
21 = fi(z,21) + g1(x, 21) 22
2o = fa(x,21,22) + g2(x, 21, 22) 23
Z.k—l — fk—l(wazlwﬂvzk—l) ‘I‘gk—l(wazlv"'azk—l)zk
2 = Jfe(x,21,--.528) + gr(T,21,. .., 28)0

x € R", 2ztoz, are scalars

gi(x,215...,25) 0 forl1<i<k
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f.o Find the relative degree if y = z1

# Find the zero dynamics if y = z; and

fi(£,0) =0, V1<:<k
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