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Background

» Distributed control of networked systems
» Structural constraints [Siliak etal.] Inclusion principle [Ikeda et al.]
» Specific class: Quadratic invariance [Rotkowitz et al.] Positive systems [Ebihara et al.]

» Real world networks are evolving

Apple’s inventor network Road network in Milan

*2007-2008

2009-2010 750112012 1833-1914 1994-2007

http://www.kenedict.com [E. Strano et al. 2012]

How to deal with evolving networks in a tractable manner?
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Control of Evolving Networks

Evolution

{32; }2e¢ : Basement network (fixed) [t; : Evolution
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Control of Evolvmg Networks

Basement controller

Evolution

{%; }22* : Basement network (fixed) {; : Evolution
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reasonable!

Basement controller

Evolution

{32; }2e¢ : Basement network (fixed) [t; : Evolution



Problem Formulation

Disconnected local closed-loop

Basement U
network

wy g
- \F

Locally stable

Py = OB

by = Al J= IS,
Ei:{az xr; + Iy;w

pi 2w = Fi(z;) Locally stable

Evolution (nonlinear dynamical map)

& = (diag(A;) + I')x + Bu + diag(R;)w .
e 100 e
z = diag(S;)x u=F¢

[Problem] Find @ stabilizing the entire system (®; {(Z;, u:)}2)
for any /u.....un such that each of (X1, 41)...., (N, un) is stable
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Difficulty from a Viewpoint of Distributed Control

locally stabilize

Frequency deviation

Time 7/15



Difficulty from a Viewpoint of Distributed Control

((( ))) P f“ = R =T 2
s o
K P 4 & = ox £ ((( )))
R ,:(( A
h K| Instability due to
the interference

locally stabilize!!

I
N

_ Low gain High gain
@)
9 -
5 Unstable!! How to manage:
5
D
> :
c R
Q
>
O
L
0 10 20 0 10 20
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Insight from Superposition Principle

Redundant state-space realization

v A=diag(4;)+7T

n-dim. (Basement network) 2n-dim. observing interference
' A I B

T = Azr + Bu + diag(R;, )w <& § = - : + !
7 0 diag(4;) || 7 diag(R;)w

disconnected subsystems

x=E&+mn foranyinputs w,u if 2(0) = £(0) +n(0)

-~

é r— 0 when £ =0 and 7 — 0 individually!

Basement control Locally stable evolution
u=F¢ pi tw; = Fi(2) with z; = Sin;
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Stabilization of Evolving Networks

[Theorem] |If A+ BF isstableand LC =T holds, then

(@; {(%;, i) 12) is stable for any locally stable evolution (i .

.

¢ = diag(A;)¢ + Bu+ Ly (& = Az + Bu + diag(R;)w
d:¢ u=F¢E {Zifri y = Cox
| 2 = diag(S;)¢ |z = diag(S;)z
additional adjustment Wi w; = Fi(z — 2;)

v Availability of subsystem interaction outputs I'z where T' = A — diag(A;)

P
u T y
21 v 21 5, < > 2o v Z9
wy w2
> /}iﬁi \——— — /}Ii; \4——
Locally stable

ex) two subsystems
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‘{i Remarks

» Condition LC =T can be relaxed by dynamical observer

» 2n-dim basement controller ® (for n-dim basement network)

» Control performance can also be regulated

»oeg |zllz, <€z, + nlle,

t = Az + Bu + diag(R;))w <& { [

-

€T =

A I
0 diag(A;)
§+1

§
U

Bu

_|_
diag(R;)w

» Scalable generalization via hierarchical implementation

22]

—>

222
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Yi Numerical Example of a Power Network

Locally stable

H1
E j ) { 5, 16-dim
2 > v i 18-dim
o o
4 Y_l Y,

p3l | %s Ya| | M6 Wi !
3 \ / E % _(T)
3y s :
[ ] [’ ﬁ () ~
114 15 A @ {Zite 0 112-dim + {pi}ien : 136-dim

O :generator (4-dim = 2-dim swing eq + 2-dim turbine & governor)
< :load (2-dim swing eq)

W; : wind power generator (2-dim swing eq with 4" order nonlinear term)

K; :local controller (18-dim)

—
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Numerical Example of a Power Network
Locally stable

H1
E j ) { 5, : 16-dim

2 pIF] v i s 18-dim
Hol X9 /// \27 Hr

¢ Y,

\ A |—*
13l | 2a He W; —

— 4 \ / f_l E: _(T)

] = —
- - A o {310 112-dim + {wi}ien : 136-dim

" ¢ ndex: [AwSer|
\ Without & Performance index: U Ao

Low

(degree of frequency deviation stabilization)
| | e
M | ’ i Monotonicity wrt GLocal performance
High < Low
Local performance
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Y : & = Az + Bu + diag(B;)w

)

<~

A I
0 diag(A;)

/ A = dlag(Al) + I

& Bu

+ | .
g diag(B;)w

EEOAND w.ulzfLT z=€+7

SHAEEORTLES?
y N ZEBDRT L
y 2z = 1Elley + Iz,

EANIEE O FO—FERET

RePIEE< P ResT{fi rl 5E

» A+ diag(B;F;) NEETHSD F; ITxLT

¢ = diag(A; + BiF)E + I

P :
{ z = diag(9;)¢

7L AT EE
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