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N
Global Observers

Observer Form:

&= Az +Y(u,y), y=Cx

(A, C') observable
T = A +(u,y) + H(y — C#)

=x—I

=

r=(A-HO)&
Design H such that A — HC' is Hurwitz
limy_00Z(t) = 0, vV z(0)
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&= Az +¥(u,y) + d(z,u), y=Czx
[o(x, u) — ¢z, u)|| < Lz — ]
z = Ai +Y(u,y) + ¢(2,u) + Hy — Ci)
= (A—HC)i+ ¢(x,u) — (2, u)
P(A—HC)+ (A— HC)'P = —1, V =3'Pi
V = =iz + 22" Plp(z,u) — ¢(&,u)] < —[|Z[* + 2L P|l]|Z[|?

1
L<—— = lim,s&t) =0 V&0)
2(|P| -
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-
High-Gain Observers
T = X9, To = ¢(x,u), Y =1
1 =&+ ha(y — 1), 2 = ¢o(#,u) + ha(y — 1)
|0(2,u) — ¢(z, u)| < Lz — 2| + M
i = A,d + Bé(, 7, u)

AO_|::Z; (1):|7 B—|:(1):|7 5:¢5(:c,u)—gb0(@,u)

Design h; and hy such that A, is Hurwitz
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]
Transfer function from ¢ to Z:

1 1
Gols) =
(8) 82—|—h18+h2|:3+h1:|

We can make sup,,cp ||Go(jw)|| arbitrarily small by choosing
hy > hy > 1
o

a
b = —, he = =, ekl
€ €

Go(s) = : [ : }

(es)2 + ares+ay | €5+ ax

ll_r}(l) Go(s) =0
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x -
m=— T2 = T2
€

en = Fn+eBj, where F:[:Z; (1]}

PF+FTp=_], V =nTPn

0] < Lljz|| + M < Liin|| + M

3%

—nTn + 2enT PBY
< —lnll* +2eLIIPB|llInl* + 2e M| PB][In]
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eL|PB| < = eV < —3lnl*+2eM|PBIl|nll

1
4

In(@®)]| < max {ke=/*|[n(0)||, ecM},  Vt>0

Peaking Phenomenon:
21(0) # £1(0) = m(0) = O(1/¢)

The solution will contain a term of the form (1/¢)e /¢
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Example 11.1 (revisited)

T1 = Xo, Tog = —X1 — 2%9 + axfm + bsin 2t, Y=

a=0250b=02 and Q = {1.522 + 2,25 + 0.523 < /2} is
positively invariant

; L, 2 N
1 = X9+ g<y — .1'1)
. - 1
i‘g = —i‘l — 21?2 + &jf%i‘z + bsin 2t + —2(y — Zi‘l)
£
m Case 1: ¢ =0.25 and b= 0.2 (Figures (a) and (b))
m Case 2: a =b =0 (Figures (c) and (d))
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X, and Estimates
X, and Estimates

0.2 \ £=0.1

0.04

o
9
N

Estimation Error of x,
Estimation Error of x,
o
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]
Measurement Noise

Yy =+, ()| <N

1
en=Fn+¢eBj— —FEv, where 7=
€ 2%)

. 2N
eV < —3llnl* + 2eM|[PB]|[n]l + — 1P E]|In]

Ultimate bound: N
17| < enMe + 225
g
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sclM+czN/s
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General case:

w fo(w, z,u)
T = T+ Uiz, .1, u), for1 <i<p-—1
T, = ¢(w,z,u)
y = I
|wi('x17 cee ,.CL'Z',U) - wi(zla .. '7Ziau)| S LZZ |£L'k - Zk|
k=1
X ~ N N Q5 N
Ty = $z’+1+¢1($17---7$z‘7u)+§(2/—$1)
X ~ (67 ~
z, = ¢0(x,u)+8—5(y—x1)
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aq to «, are chosen such that the roots of

s +aps” M+t a, s+, =0

have negative real parts

|¢(wv$vu) - ¢0($,U)| <M
|¢0($,U) - ¢0(£.7u)| < LH:U - ‘%H
[¢(w, 2, u) — do(#, u)| < Lo — 2| + M

Lemma 11.3

For sufficiently small &

b
g1

|7 < max{ e"ate, €p+l_iCM}
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.

1T Tp—1— Tp-1
i =

7T o M= M=%~ %,

en=Fn+ed(w,z,%,u)

§= C01(51752a e ,5p), 617 = ¢(wax)u) - ¢0(£au)

7
|6:] < Lizgi_kmh 1<i<p-1
=1

- 1 0 .. 0
—auy 0 1 ... 0
F=| : : :
—Qp1 0 1
-, 0O --- -« 0
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For e < ¢&*
161l < Lslnll + M

V=n'Py, PF+F'P=—-]
eV = —nTn + 2enT P§

eV < —nl® + 2¢|| PI| Lsl|nl* + 2¢| P | M| |||
For || P||Ls < 1,

eV < —slnll* + 2¢[| Pl MI[nll < —llnl®, ¥ lInll = 8¢|| PllM
By Theorem 4.5, |n(t)|| < max {ke*"/%||n(0)||, ecM}

| < e |n]
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