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Challenge

(i) Determine interconnected system performance from data with guarantees

(ii) Synthesize distributed controller from data with guaranteed performance

Related challenges:

» Data-based dissipativity analysis (Koch et al., 2020), (Van Waarde et al., 2021)
» Data-based controller synthesis (Van Waarde et al., 2020), (De Persis et al., 2020)
» Data-based distributed controller synthesis (Steentjes et al., 2020 & 2021)
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= unstructured /centralized \Y asymptotic guarantees



Underlying interconnected system and data collection

Interconnected system
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Hoo analysis problem

Given data {uj}¢=o, . .n—1, {Xi}t=0..n for each i, verify if || Gz|l2.. <~




Hoo analysis problem

Given data {uj}¢=o, . .n—1, {Xi}t=0..n for each i, verify if || Gz|l2.. <~

For each i/, collect data in matrices

Xi+ = [x,-(l) . x,-(N)]
X = [x,-(O) e xi(N = 1)]
UI_ = [U,‘(O) tee U,‘(N — 1)]

= every subsystem compatible with the data is in

T = {(Ai An;, B) [ 3W; € Wi X7 = AXT + > AgX + BiU7 + Wi}
JEN;



Data-based H,, analysis of interconnected systems

Unknown data-generating interconnected system has H., performance

T

Every interconnected system with (A;, Ay, Bi) € ZiD, i €V has Ho performance ~y



Data-based H,, analysis of interconnected systems

Unknown data-generating interconnected system has H., performance

T

Every interconnected system with (A;, Ay, Bi) € ZiD, i €V has Ho performance ~y

How to represent all possible interconnected systems?



Parametrization Zé)
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Parametrization Zé)
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Data gathering: ensure that coI(X,._,X/\_[i7 U;") has full row rank



Data-compatible interconnected system in LFT representation

Write the interconnected systems in LFT representation (cf. (Koch et al., 2020))

0 0 0 / (k)
X,'(k + 1) G 0 D; 0 !
coljen; xj(k)
viltk) | =11 0 0 0 0 (k) and fi(k) = [Ai An; Bi|pi(k)
pi(k) 0 / 0 0 '
li(k)
0 0 / 0 '

with (A,’,AJ\//,, B,‘) S ZID

Dual parametrization of ¥/, = use robust Hn, conditions (Van Horssen et al., 2016)



Data-based H., norm analysis

Proposition (performance from structured data)

performance
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If, for each i € V, there exist P;, Z; and «; so that P; > 0, ; > 0 and

Ji(Gi,Dj) < 0

then all interconnected systems with (A;, Ax;, Bi) € Y, i €V, achieve Hoo

Ji(Gi, Dj) is a known matrix




Distributed control from data

Let uj be the control input and y; be the measured output, i € V:

Distributed controller

Gi(k+1) &i(k)
oi(k) | =0©;|si(k)|, i€V and (i,j)€&=sj=o0j
ui(k) yi(k)

Tz transfer w — z with performance output z; = C7x; + > Cixj + Dfuj,

jeEN;

Distributed H, control problem

Given data {u;}t=o, .n—1, {Xi}t=0,.n, find ©1,...,0 so that || Tz|j3., <~
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Theorem (distributed control from data)

v T

If there exist P;, P;, Zi, Zi, a; such that P; > P7* >0, a; = 3 * > 0 and
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then there exist ©1,

...,0y, so that || TIHHoo <7y
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Theorem (distributed control from data)

If there exist P;, P;, Z:, Z:, «; such that P; > :5,-_1 >0, o = Bi_l >0 and
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then there exist ©1,...,0/, so that || Tz||x., <~

» Coupled LMIs for fixed scalars «;
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Theorem (distributed control from data)

If there exist P;, P;, Z:, Z:, «; such that P; > :5,-_1 >0, o = Bi_l >0 and

W T AT W <0
o STALS®; >0

then there exist ©1,...,0/, so that || Tz||x., <~

» Coupled LMIs for fixed scalars «;
» Scalable with respect to L (number of subsystems)

» Data-based distributed controller (©1,...,0©,) is obtained from LMI solution
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Example 1: H,.-norm analysis

Data-generating system (L = 3)

05 01 O
x(k+1)= (0.1 0.4 0.1| x(k)+ u(k)+w(k), w(k)e{w]||lw|2<0o}

0 01 06

Objective: Find upper-bound on H norm of u — x from data (U_, X) with
N = 50 samples

12



Example 1:
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Hoo-norm analysis
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0.05 0.1 0.15 0.2
Noise level o

0.25

- Hoo bound from data
(structured)

- Hoo bound from data
(unstructured)

- Hoo norm true system
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Example 2: Distributed H., controller synthesis

System dynamics (L = 25)

A, ~U[0,1], Aj ~ U[0,0.1],
Bi=1

wi(k) ~ U[—0, 0]

14



Example 2: Distributed H., controller synthesis

System dynamics (L = 25)

A, ~U[0,1], Aj ~ U[0,0.1],
Bi=1

wi(k) ~ U[—0, 0]

Objective: Synthesize a distributed H
controller from data (U;, X;), N = 50
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Example 2: Distributed H., controller synthesis

0.1 0.2 0.3
Noise level o

0.4

Hoo performance bound with

- distributed controller
based on data

- distributed controller
based on true system
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Concluding remarks

Summary:

» H.o performance analysis and distributed controller synthesis from data

» Dual parametrization of the set of feasible subsystems and interconnected system
LFT representation

» Sufficient data-based (existence) conditions in LMI form for guaranteed Hoo
performance

Remarks & future work:
» Dual parametrization also leads to dual data-based dissipativity conditions

» Enhance practical applicability via weaker noise assumptions (cross-covariance
bounds)



Thank you for your attention!
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