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%Motivation

Biological systems Power system control

Organs, cells, proteins, ... Few minutes: governor free control
are interacting hierarchically Few dozen minutes: LFC, EDC

Efficient control of systems on different spatiotemporal scales?

Multiresolved control: Utilize global/local properties in time and space

2/18



A Multiresolved Control System

ex) Power system control ((( ))) conventional observer-based controller
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A Multiresolved Control System

ex) Power system control ((( ))) conventional observer-based controller
A K|«
identical input to all: W , <+t : average of

@ @ :generators

easy to synchronize
in each area

frequency variation

U+ : input to Area 2

< <(( ’)) low-dim
n controller

a

Yt : average of Area 2

Design a low-dim local controller 7 cooperating with a given K

L 3

» Plug-in when and where necessary
» Local action for a specific time interval
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A Multiresolved Control System

ex) Power system control (((ﬁ))) conventional observer-based controller

K|«

identical inputto all: Wy ,

” NS

o W) 5

Yt

Area 1 Area 2

<+t : average of
frequency variation

((( ’)> low-dim
n controller

Design a low-dim local controller 7 cooperating with a given K

» Local action for a specific time interval

* { » Plug-in when and where necessary
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$(_)utline

» Motivation

» Key idea: Superposition by state-space expansion
» Main result: Resultant multiresolved control system

» Technical details
» Numerical example
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How to systematically design 7 ?

Based on superposition x; = ﬂigK) + l‘gﬂ) (K)

stabilize x;
_ (%)
A

A cooperation |
K

AA

+ stabilize 2™

Superposition by state-space expansion | - lf
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%Main Result

[Theorem] , ( ) ( 56
Ei41 = (A+RF)& + H(ze — 20 — S&) + kv
Each of 2% +(™ is stabilized b X . )
v y Ky - 011 = Agby + Bo(z — 2 — S&)
((zgi) *__C_qqp_e_r?fi_qr] Gt = C& — Coby n-dim controller
Ky k w, = F§& + k-dim memory
z i )
t .
| ( A A A . ~
. e M1 = (A+BF)ne + H(ys — 9 — Cny)
3 X v —_— eT
T4 Yt Gl k-dim local controller
T 2y = Sn
| w = Fy v  H =0 aftertimek
S ! S0~ Tg emergency St =
K i — KQ —_— action — K
E Vi . i VYt
: Z4 i : Zt
W 2t | we| — | T | A | wy| — | 2t
| u My | uy MG
SRS | Y ju— | L 3| X ; | Eamg DY
Ty | xo + (o E Ty + G >
t<0 ’ t=0 | t>k time
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» Motivation

» Key idea: Superposition by state-space expansion
» Main result: Resultant multiresolved control system

» Technical details
» Numerical example
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Superposition by State-Space Expansion

State-space expansion

block triangular

( ngl) A A- A xiK) Ruwy
Tip1 = ACEt —+ B’{Lt + th @ - mgj—)l o 0 A xiﬂ') B’U,t
> zt = Sxy 20 . — g —|—S£L‘(ﬂ-)
. t t t .
Yr = Cth n-dim (K) () 2n-dim
. w = Cxy " +Cu
: K
[Lemma] =z, = x,EK) + a:,(f) forany w¢, up if zg = azé )+ a:((f)
_ p(K) . (K)
s (K) i L) W t
(((Aj) stabilize z; Decentralized state FB: { w = P
| ~
stabilize ﬁ” x ,
2% 2™ are not directly measurable... S
A
f Decentralized observation of z{"/ (™
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Decentralized Observation of
Superposition States?

Redundant realization (2n-dim) 9 = Zo + (o unknown local variation

([ ] _[a 4 —4 2\ | Rw R
. :C,Ej_)l 0 A CUETF) Bu; |’ .CB((]W) Co
=0 2 = Sz 4 g™
t t t
B SR
L uenberger—type observer
([a ] _[a a-a][a® Ru, | [ B9z~ 2) 3 _ | 4o
i 27 0 A 2™ Bu, HO @y, —9,) |7 | 2 0
Hobs 5 = S# 4 gz -
¢ ¢ / decentralized output feedback
Lo = o+ o
Error dynamics block %ngular -‘_,-, Can we make
) K
M [A-HES A-A-HES] [ H™Ce™ =07?
615:-_)1 N —H™C A-—H™C egﬂ)
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Block-Triangulation of Error Dynamics

[Lemma)
o | o) 1 [ cg® 1 | AC'QBQ ]
. CA CA CAH(K) CyAg By
CAFL | |cARY| | CARTTHE) | [ CAETiB,

k-dim Krylov projection model

and H(™ — ( after time k, then

(0,21 Ag ByS ByS 0, k-dim
egfl) = 0 A—HES A—A-HEZS egK) n-dim
e | EMC, —HXC  A-HO™C || adim.e

Some A with “lower complexity”
such that| |?
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%\_’Vedderburn Rank Reduction

[Wedderburn Rank Reduction] [Chu et al. 1995]
For given R=[ry,...,r,], O =]Jo1,...,0,], there exist
{ ‘[i z 511: : : .' :jj such that <: 125 z ﬁg V'TAU = diag(w;) and
ket i A= Dol e {07
v : generalization of Gram-Schmidt basis orthogonalization

if R=0, A=1,, imU =imR, u, u; = “h OS2
0, 2]
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%\_’Vedderburn Rank Reduction

[Wedderburn Rank Reduction]

=1 A 1=k

[Chu et al. 1995]

V'TAU = diag(w;) and

For given R=[ry,...,r,], O =]o1,...,0,], there exist
U=lu,...,uy [ U=imR
[ | such that <« ?m lm
V =1[v1,...,04] | imV =imO

’17[)7; = AT’UZ'.

k—1 n
i = Au,
A= sz-_lqﬁiw;r + walfzﬁiw; where {¢ .

[B,AB,...,A*'B| = [B,AB, ..., A*"'B]

Markov parameter matching

C
CA

CAk;—l

[Lemma)] If R and O are controllability and observability matrices,

C

v’ the low-rank (4, B, C) is equivalent to a k-dim Krylov projection model
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%B/Iain Result (reshown)

[Theorem] , ( ) ( 56
Ei41 = (A+RF)& + H(ze — 20 — S&) + kv
Each of 2% +(™ is stabilized b X . )
v y Ky - 011 = Agby + Bo(z — 2 — S&)
((zgi) *__C_qqp_e_r?fi_qr] Gt = C& — Coby n-dim controller
Ky k w, = F§& + k-dim memory
z i )
t .
| ( A A A . ~
. e M1 = (A+BF)ne + H(ys — 9 — Cny)
3 X v —_— eT
T4 Yt Gl k-dim local controller
T 2y = Sn
| w = Fy v  H =0 aftertimek
S ! S0~ Tg emergency St =
K i — KQ —_— action — K
E Vi . i VYt
: Z4 i : Zt
W 2t | we| — | T | A | wy| — | 2t
| u My | uy MG
SRS | Y ju— | L 3| X ; | Eamg DY
Ty | xo + (o E Ty + G >
t<0 ’ t=0 | t>k time



Numerical Example

25 generators (50-dim) K, ((ZA’)
average variation: z; "/ wy : identical input to all

@ : generator
(swing eq. model)

v

Freq. variation

K Ko with 7

) -10 0 10 20 30 40 50 ) -10 0 10 20 30 40
Time Time

50
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Concluding Remarks

» Multiresolved control
» state-space expansion (global model + local model)
» cooperation of global and local controllers

» global control at all times
» local control when and where necessary

» one possible application of model reduction techniques

» Future works
» multi-layer case (local-middle-global)
» multi-rate sampling
» make an appropriate criterion to plug in local controllers

Thank you for your attention!
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