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Setup

e Parameter-dependent system reduce to

normal form .
E= F(f,z,&)
7=Az+ E[a(z,9)+p(z,9)u]
y =Cz

e Design a feedback control that guarantees
output stabilization y — 0 for all %




ldeal vs. Actual Control

e |ldeal control is based on actual parameter

U =p(z,9){-a(z,9)+v}
e Actual control is based on parameter
estimate

u:p‘l(z,é){—a(z,§)+v}




System Dynamics with Actual
Control
1=Az+E|a(z2,9)+p(z,9)u]
U

Ideal control 7=A7+E [V + A] Actual control

A:[a(z,9)+p(z,g)u]—[a(z,§)+p(z,l§)uJ

ey

Assumption 1: A(f, Z,9,9,U) = ‘P(é, Z,@,U)(&—&A‘)
U
2= Az+E¥(9-9)




Proposition 1

e Asymptotic output stabilization Is achieved
with the parameter estimator

9=Q¥" (&,2.8,u)E'Pz, Q=Q" >0

e Where P Is the symmetric, positive definite
solution of

AP +PA =-|




Proof of Prop 1

e Choose candidate Lyapunov function

V=2Pz+(9-8) 0*(9-3
o ComputeZ Z+( ) ( )

V =27 PZ—2§TQ‘1(9—§)

~ 7" (PA, + AJP)z+2(zTPE\P—§TQ-1)




Adaptive Control Structure

reference
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Update
Law

parameter
free
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Example

X, X 0
{xj ) {—O.sz " xf’IZ}{J[U et +au

K € [O,l], ac [—0.1,0.1]
a=-01x+X+X%x 12, p=1

u = ,01{—05 +[-1 —Z]L)?D =-2X%, —1.9%, — x> /2

2

3
A=(k—K)x +(a- é)[—le —%—1.9&]




Example ~ Results
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Non-affine Systems

e Consider a system of the form |
5 _ F (5, Z. 9) Non-affine part

1=A+E|a(z,9)+p(2.9)p(u,9)

- y=Cz
e The map ¢ Is piecewise smooth and he
piecewise continuous inverse in u.




ldeal and Actual Controls

e The ideal control is

u= go‘l(p_l(x, F)(—a(x,3)+V), 9)
e The actual control Is

i=¢ " (07 (%, 9)(~a(x,9)+ Kz),9)




Actual System Dynamics

e Again
2=Az+E[v+A]
e With
A =[al(x,9)+ p(x, $)Hu, D] — [a(x,9) + p(%, P(u,I)]
e Assumption
A(g,z,é,g,u)=\P(§,z,@,u)(9—§)+¢o(§,z,@,&,u)
@, bounded, & . <8<8 . 1=1...,p

I I,max




Adaptive Control

e Parameter update rule

G=0W(£2,.9.U)EPz-Q0 (3
e Where ( Z u) Z G()

(A+EK) P+ P(A+EK)=-0, O>0

e and A
i 0, (‘§1) i K | >A19imax
o@=| i |o(d)={0 g <I<g x>0
O (ép)_ —K; Ai <




Proposition (output
convergence)

e Define sets Se =1(29)eR™Q"2-Q"PEg,| >|Q"PEg,

2

S. = (2,19)6 RMP QUZZ—Q_UZPE(DO < Q_UZPE(DO

e Basic assumptions and (i) the only invariant set
of closed loop on common set boundary
corresponds to z=0, (ii) all trajectories that start in

Coaram rfemain in C ;...

= 2(t) >0ast > o




Example: drive with deadzone &
friction

Inertial Load
d(2)

Shaft/Gear

0 =u 1 |o

" QD(.) > K ) inig

Ve

f(o)




Model

T:K(Qm—ﬁ):wm:%ﬂé’
0=w
i =—f (0,b)+D(T,&)+xw(t)
‘b w>0

b w<o = bsign( o)

(X—¢ X>¢

X+& X< —¢&




Controller ~ 1

e Dead zone Inverse Xte X>0

D (1)

X—¢& X<0

e FBL
T=D"(—~2270-270+ f (0,b)-xw(t), )

e Regressor
Y =—|sign(w) sign(T) -w(t)
A=[f(@,b)+D(T,2)+xw(t)]-| f(@,b)+D(T.2)+&w(t)]

f (0,b)- T (@,b)=sign(w)(b-b)
etc.




Controller ~ 2 update law

g P P

PA +ATP=-Q
U

{7.986 7.958

}, A(P) ={8.066,0.06590}
7.958 0.1458

O
Q
o
VN p>
|_\
o1
o
N —

N> My
Q

..K>
[
~

&1z |=wrpo 1]pm- &(2,1,0)




Simulation

b=1¢6=05«x=1 b=09,=02k=0
w(t) =1+ 4sin(27t)
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