Nonlinear Systems and Control
Lecture# 35

Tracking

Feedback Linearization &
Sliding M ode Control



fSISO relative-degree p system:
= f(x) +g(x)u, y=h(z)
f(0) =0, h(0)=0
LyL 'h(z) =0, for1 <i<p—1, LyL{ 'h(z) #0

Normal form:

7.7 — fo("%ﬁ)
& = &iy1, 1<i<p-—1
£ = Lih(z) + LyL) 'h(z)u
y = &1

L fO(Ov O) =0

—p. 2/




fReference signal r(t)

» r(t) and its derivatives up to () (¢) are bounded for all

t > 0 and the pth derivative r(?)(t) is a piecewise
continuous function of ¢;

»# the signals r,...,r® are available on-line.

Goal: tlg&[y(t) —7r(t)] =0

r &1—r

r(p—1) €, — r(pP—1) |
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fo(n,e +R)
Ace + B, L?h(m) + LgL'JOe_lh(a:)u — )

0 1 0 0 0
0O O 1 0 0
Ac = . s Be =
0 1 0
0 0 0 1]
u —= ]‘1 {—L?h(w) _I_ ,r.(P) _I_ v
LgL'jO_, h(x)
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f v=—Ke = é=(A.— B:K)e

V a

Hurwitz

lim e(t) =0 = tliglo[y(t) —r(t)] =0

t— o0
e(t) is bounded = £(t) = e(t) + R(t) is bounded
What about n(t)?

N = fo("?» 5)
Local Tracking (small [|[n(0)|, lle(0)|l, IR ()I]):

Minimum Phase =- The origin of ) = fo(n,0) IS
asymptotically stable
= n IS bounded for sufficiently small

B Im(0)][; [le(0) ]|, and [|R(#)]




- Global Tracking (large ||n(0) ||, [e(0)[l, [IR(#)I)):

What condition on 1 = fo(n, &) IS heeded?

Example 13.21
1 = T3, I3 = —asinx; — bxo+cu, Yy = x

e1=x1 —7T, €2 ==T2—T

€1 — ez, €3 = —asinxy —bxs+cu—7r
1. . .

u = —|asinxy + bxro + 7 — k1e; — kaes]
C
€1 — ez, €2 = —kieyp — kaey

LSee simulation in the textbook
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Sliding M ode Control

 i=f(@) Fg@)ut St au), y=hx)

Lgh(z) =--- = LyLY *h(z) =0, LgL; 'h(z) >a >0
7.7 — fo("%ﬁ)
&1 = &
ép—l — fp
éy = Lih(@) + LLy ' h(@)u + 8(t, @, )]
y = &
e=€¢—R



-
.

fO (779 5)
€1 = ez
€p—1 = €p

ép = LLh(z) + LyLy 'h(z)[u + 6(t, z,u)] — rP)(¢)
Sliding surface:
s = (kiexs +---+kp_1€p-1) + €

S(t) =0 = €p = —(klel —+ e+ kp_lep_l)
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fO(na 5)

€2

—(kie1 + -+ kp—1€p—1)

Design k1 to k,_1 such that the matrix

.

—ky

1

1
—k,_1

IS Hurwitz

Assumption: The system fo(n, &) is BIBS stable
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a

s = (kiex+ -+ kp_1e,-1) + e, = Z kie; + e,

1=1
p—1
§ = kiejp1+Lih(z)+ Ly L) h(z)[u+d(t, z,u)]—r) (¢)
1=1
1 — ) (1)
U= — kieii1+ Loh(x) — r'P(t)| + v
LgL'JOc_lh(CB) -; +1 f ( ) ()_

§ = LgL'JOe_lh(a:)'v + A(t, x, v)

A(t,x,v)
o LyL} ™ 'h(x)

< o(z) + kolv[, 0< ko<1
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What properties can we prove for this control?
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	small Sliding Mode Control

