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Nonlinear Systems and Control
L ecture # 38

Observers

High-Gain Observers
M otivating Example



f 1 = T3, T2 = d(x,u), Yy = a1 o
Let u = ~(x) stabilize the origin of
Ty = T2, T2 = ¢(x,v(x))
Observer:
£1 =22+ hi(y —21), B2 = ¢o(&,u) + ha(y — #1)

¢o(x, u) IS a nominal model ¢(x, u)
r1 =x1 — L1, T2 = T2 — T2

~

1 = —hix1 + T2, T2 = —haZ1 + 6(x, T)

L 5(33955) — Qb(wa'Y(CE)) — ¢O(3A39 7(33))
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Desigh H = such that A, =

Transfer function from 6 to x:

1
82—|—h18—|—h2

Go(s) =

Design H to make sup,cg ||Go(Jw)|

L Gols) = (es)? + a1es + ap

IS Hurwitz

8—|—h1

as small as possible

e >0
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€ €

G, —
(5) (es)? + ajes + az | s+ g

Observer eigenvalues are (A1 /¢) and (A2/€) where \; and
A2 are the roots of

)\2—|—()11>\—|—042=O

sup ||Go(jw)|| = O(e)
wER
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n B ms -
m = —; T2 — X2

eMm = —o1m +1M2, €Nz = —azn + €6(x, T)
Ultimate bound of ny is O(¢)

n decays faster than an exponential mode e~%*/¢, a > 0
Peaking Phenomenon:

x1(0) # 21(0) = m1(0) = O(1/¢)

. . 1
The solution contains a term of the form —e—4t/¢

g
1

e

—at/e approaches an impulse function as € — 0
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fExampIe -

r1 = T2, Eo = x5 + u, Yy = x
State feedback control:
3

u:—wz—wl—wz

Output feedback control:

u = —i2 — il — @2
21 = &2+ (2/e)(y — #1)
22 = (1/€*)(y — &1)
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fRegion of attraction under state feedback:

1Y)
vl
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fRegion of attraction under outputfeedback:

L e = 0.1 (dashed) and € = 0.05 (dash-dot)
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~ Analysis of the closed-loop system:

r1 = I9 Lo = Qb(wa 7(33 — C‘E))
e = —oa1n1 + M2 enNz = —aan1 + €d(x,T)
?7 A
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fWhat IS the effect of measurement noise?
The high-gain observer is an approximate differentiator

Transfer function from y to & (with ¢pg = 0):

Qa2 1+ (ea1/a2)s _ 1
5 — as € — 0
(e5)* + a1es + a2 S S

Differentiation amplifies the effect of measurement noise

y = x1 + v, ky, = sup |v(t)| < oo
£>0

o
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Eopt =— O

the error bound

11
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the high—gain parameter epsilon

— |y ka=sup|Zi(t)|, kn =sup|v(t)
ka >0 £>0
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	small $eps = 0.004$

