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v’ Retrofit = add new parts or substitute modernized equipment for preexisting ones



%Motivation from Power Systems Control
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Complete global modeling is unrealistic!!
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Controller design by local model?
Stability? Better performance?




Problem Formulation

possibly large scale

Subsystem of interest (model available)
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. (i) v1,72 are measurable
Assumption:
(ii) the preexisting system without II; is stable

[Problem] Find a retrofit controller II; : u; = K1(y1,72) such that

(a) the whole system is kept stable and (b) ||z1||z, is made small for any §,.




%Hierarchical State-Space Expansion

Coupled state equation of X, and X,
B
T2

Hierarchical realization (21 + n2)-dim

state-space expansion
B, ] ’ to cascade realization
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stable (assumption)

decoupled!
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stable stabilized by u;

[Lemma] If £(0)=0, &(0)=0 and &(0) = 4§
then z:(t) =& (t) + & (1) and zo(t) = &(t) for any uq (t).
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Localized Controller Design

Hierarchical realization
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model available! 9"
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[Lemma] Design a controller u; = K;C:&; such that
él — (Al + Blchl)é1 is stable and ||51H£2 < - constant

Then the closed-loop system is stable and ||&1 + E1llz, < apa, Voo

v’ Generalization to dynamical controller design is straightforward

A 3
How to implement v, = K,C&; ??
7 U1
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%Controller Implementation

How to implement u; = K,C ¢, ?? — 22 —
2
lel (t) = CliEl(t) — Clgl(t) ‘ K ¢ | 21 |- !
I565(t) = Tpwa(t) = 72(t) T " i g
& = A€y + L1 oéy with £(0) = 21(t) = &1 (1)

<> i1 = A#; + L1y with z1(0) =0

[Theorem] The closed-loop system with the retrofit controller

_ 1 = A131 + L2 Compensator
1 - ~
uy = Ki(y1 — C121)

is internally stable and it satisfies ||z1|z, < ai1p1, Voo.




by T. Sadamoto (Tokyo Inst. of Tech.)

Application to Power Systems Control
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Retrofit Control without
Interconnection Signal Measurement?

Subsystem of interest (model available)

5 { 51.31 = Alxl —|—L1’}/2 —I—Blul _' 22 ]
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= T /72
U1 1 ’50
Other subsystem(s) (model unavailable) — = §
{ Z.CQ = A2£L’2 +L2F1£IZ'1 “ = X
2 — | Iy e
Yo = Iax9

Assumption: { (i) 1 is measurable

(ii) the preexisting system without II; is stable

[Problem] Find a retrofit controller II; : u1 = Ky (1) such that

(a) the whole system is kept stable and (b) ||z1]/~, is made small for any §,.




Parameterization via Projection

Coupled state equation of >; and >,
. Introduction of 2
X1 B, . 3
L ] = ] Uy projector P, cR"™*" &
2

0
Hierarchical realization (71 + ns + 721)-dim

v PPl + PP =T

stabilized by u1
PP A,
Lolh
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[Lemma] If £,(0) = P.P.do, £(0) =0, £&(0) = Pisy and im B, C im Py,

then z1(t) =& (t) + Piéi(t) and  22(t) = &(t) forany wi(b).

Controller u; = K¢, such that ||51H£2 < u1 How to implement??
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Retrofit Controller Implementation

Controller & Compensator

A R 31(t) = Ple (¢
w = K16, = Ky (Play — PLE) 1(t) = P1&i ()

#1=PlAPi + PIA P, Play + PILiIozs with £1(0) =0

unavailable

[Lemma] If rank B, + rank L; < niy, im By Nim L, = (), then
there exist P, and P! suchthat im B; Cim Py, im L; C ker P!,

[Theorem] The closed-loop system with the retrofit controller

; ; 5. ol
m, . @ = PlAPié1 + PLAPIPIo) dueto Pila
u = K1(Play — 21) uncontrollable

is internally stable and it satisfies ||z1||z, < ai1p1 + 51, Vdo.




Generalization to Nonlinear Systems

Subsystem of interest (model available) possibly nonlinear
& large scale

> { 21 = Arz1 + f1(@1) + L1z + Biw
1 -

yi = 11 " 22 T
2
Other subsystem(s) (model unavailable) Jdo
. — S = ?
S, ro = f2($2,3?1) 1 1
Yo = ha(ze,x1) [, | —

Parameterized retrofit controller (state feedback)

; . = =
H . r1 = PJ{A1P1£U1 ‘I‘PJ{fl(Qfl)—I—PJ{AlPlPlCEl —I—PILl’YQ
b Uy = Kl(PJ{xl — 1) vanishes if vanishes if -
P,=1 im L, C ker P_'i
- Controller design is based on local linear dynamics:

Design u; = K& making |1z, small for & = Pl A, P& + PiB
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by T. Sadamoto (Tokyo Inst. of Tech.)

Application to
Collision Avoidance Control driver propertyto

avoid collision

Vehicle dynamics p; =v;, ©; = rk{a(p;a1 —pi)b(pi —pi—1) — v} + uy
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Position deviation of vehicles
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Low dim controller is practically reasonable as opposed to higher dim one




Y& Concluding Remarks

» Retrofit control
» Localization of controller design and implementation
» Stability guarantee and control performance improvement

» Hierarchical state-space expansion
» Redundant realization with cascade structure
» Systematic analyses for stability and control performance

Systematic controller retrofit is enabled by a compensator
that cancels out interference due to the dynamics
neglected in localized controller design

Thank you for your attention!
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