Multiparameter Extremum Seeking

General Multiparameter Scheme
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Assumptions
1.£(6)=f"(t)+(0—-0"(t)) P0-6"(t))and P,, >0

2. 0, +0,#+0, for any p,q,r =1,2,...,1.

Other assumptions as for the single parameter case

for each parameter tracking loop.

Governing Equations for the pth loop
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Multiparameter Stability Test...

Outputerrory = y—F, (s)[ f (t)] achieveslocal exponential
[

convergence to an O[A2 +1 Z a;j neighbourhood of the
=1

origin where A = I/w, +1/M providedn =0 and:

1. Perturbation frequencies @ < @, <---< @) arerational,
sufficiently large,and  j@, is not a zero of F,, (s).

2. Zerosof T (s) that are not asymptotically stable
are also zeros of C, (s)for all p=1,...,L

3. Polesof T, (s) that are not asymptotically stable

are not zeros of Cl.p (s), forany p=1,...,L

...Multiparameter Stability Test

4. Cop( ) are asymptotically stable for all p =1,....,!

1
and ———1s asymptotically stable, where
det(l+X(5)) Y TPIOHEY

Xll(s) 12() " Xll(s)
X(S)— le(S) 22( ) Xzi(s) .and X, (s ( ) Pal ( )

pqp P
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Lp (s)= %Re{em” E.p (ja)p )}Hl.p (s)

and ,(5)=C, ()T, 5)F, ()



Multiparameter Design

Challenges:

e Need for asymptotic stabilization of . ixw)

e Available methods of decentralized control
inapplicable

Theorem: Multiparameter Design

for each g # p, then is asymptotically stable.

1
det(T+ X(s))



Proposition: Diagonal Domination Design

Let p, denote the unique solutionin the interval (0,1]

1 :
of the polynomial equation per(X(p)) =2, Z(p) = P .
o P
If —” - are asymptotically stable and i <p, for
1+pr(s) o
H.,
1 . .
all p # ¢, then ———— is asymptotically stable.
PRGN G x() - SYMP Y

Note : L*S I'-1

The Permanent of a Matrix

per(A)= Zﬁ“i,c(f)’ where the sum runs over all n!

o =l
permutations ¢ of {l,...,n}, and o(i)is the i" element of
the permutation o.

10



Key Steps in Proof

Diagonal domination:

| X5 (s) Xy (s)
1+X”(s) 1+ X, (s)
Xul) L Xyl |
det(T, +X(s)) = det 1+x22(s) 1+, () [0+ x,,6)
( ) X (s) 1
1+XH(S) 1+Xll(s)

=det(Y(s)[ T 0+ %, (5)=01 +W(s))ﬁ (1+x,,(s).

p=1 p=1
Bounding of off diagonal contribution:

W(s)= Z sgn Gﬁ Yio()(s)

|W" <ZH)’:0 )1 SZH"th(i)(s)" <per2(pf)—1_1

o i=l H

o | i=l

Theorem: Multiparameter Design

Let separate forcing frequencies ©, < o, <--- < ®,

be used for each of the parameter tracking loops.

X,,(s)
pp

If —2——
1+X,,(s)

are asymptotically stable and ‘qu‘ <

for each ¢ # p, then

1
det(I + X(s))

qu(s) — qu pr(s)
1+X,(s) P, 1+X,(s)

Proof idea:

1+XW

is asymptotically stable.
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MPES Examples

1
Example 1: F,(s)=1, F"(S)=s+2’
1 4 4
f6)=f +§ZZ(9<;—9,)(9m—9m)
j=1 m=1
f=05u(t=5),0, =ult-j)
Example 2: F,(s)=1, F,(s)= !
‘ s+2
* 1 2 2 % %
F(60)=f +§Z_;Z(ej_ej em_em)

£ =0.5u(t—30), 8, =0.01¢"",08, =0.2£,0, =0.1sinz,
0, =0.1u(r—20)
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Design Variations
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High pass filters

High frequency
design
Low pass filters 14



Example 1: Simulation Results
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Band-pass filter design
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Example 2: Simulation Results
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Example 2: Simulation Results
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