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Nonlinear Systems and Control
L ecture# 36

Tracking

Equilibrium-to-Equilibrium
Transition



B 0= foln,€)

£, = Lph(a:)—|—L L” h(a:)u
Fo(:€) 96.(1.€)
y = &
Equilibrium point:

0 = fO(flaé)
0 = &1, 1<i<p-—1
0 = fuo(7,&) + gp(7, &)
y = &
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Assume fo(77,4,0,---,0) has a unique solution 7 in the
domain of interest

By assumption (and without loss of generality)

qbn(o) = 0, qbu(o) =0

OZfO('F]a'gaO""’O)v U =

o
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fGoal: Move the system from equilibrium at y = 0 to
equilibrium at y = g, either asymptotically or over a finite

time period

First Approach: Apply a step command

“(t) = 0, fort <O
ST fort >0

|s this allowed ?
Take r =9y, fort >0

r() =0 fori > 2

o
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|7 n(0) =0, e1(0) =—-9y, e;(0)=0 forz> 2 -

The shape of the transient response depends on the
solution of

é = (Ac. — B:K)e
In feedback linearization

or the solution of
I é]_ ] I ]. ] I 61 ] i ]
é2 . €9
— —I— S
1
 €p—1 |  —k1 —kp—1 | | ep—1 | 1

In sliding mode control
LWhat IS the iImpact of the reaching phase?
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fSecond Approach: Take r(t) as the zero-state response of
a Hurwitz transfer function driven by yx
Typical Choice:
Ap

sP+a1sP 1+ .- +a,_15+a,

Choose the parameters a1 to a, to shape the response of r
r(0) =0 = e1(0)=0 = €(0)=0

Feedback Linearization:

Sliding Mode Control:

o
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- The derivatives of r are generated by the pre-filter

_ . _ ] )
Zz = z + y*
1
—a, —ag | Qp _
r = { 1 } z
P =21y, T = Z2yeeennn. r(P—1) — Zp
p
,r(p) = — Z Ap 31124 + apy*
1=1

LDoes r(t) satisfy the assumptions imposed last lecture?
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fExampIe 13.22
r1 = x3, x93 = —10sinxy — x2 + 10u, Yy = a1

Move the pendulum from equilibrium at ;1 = 0 to

equilibrium at z; = 5

Constraint : |u(t)| < 2

« ) 0, fort <O
I z fort >0
Pre-Filter:
1
(Ts + 1)2

o
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0 1 | 0 |
z = 1 2 |2T| 1 |Y
T2 T | _ﬁ_
r = 1 O}z
1 2

r=2zi, T = 22, ’i”’z—(y*—'r‘)——zz
T2 T

rt) =73 |1—e7 (1+1)]

u = 0.1(10 sin 1 -+ Ir9 —+ r — klel — k2€2)
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fThird Approach: Plan a trajectory (r(t), #(t),...,rP)(t))
to move from (0,0,...,0) to (4,0,...,0) In finite time T
Example: p = 2
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r(1)

fort > T

fort > T
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