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Decentralized Hierarchical Control of Power Networks

with Overlapping Information

Tomoharu SUEHIRO*, Kenji MASUT*™* and Toru NAMERIKAWA** ***

This paper deals with a decentralized hierarchical control of power networks by using overlapping information.
The control objective is to minimize the cost function of load frequency control problem. The control law is
constructed through three steps. In the 1st step, we make a hierarchical system with overlapping information. In
the 2nd step, a relationship between the original system and the hierarchical system is confirmed. In the 3rd step,
the hierarchical decentralized control for the hierarchical system is constructed and the decentralized hierarchical
control law is contracted to the original system. Then, we show the effectiveness of the load frequency control

by using the proposed control method.
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Fig.2 Hierarchical System
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R DOART D DRER SN TR Y, TAY—E Ui, FEY
B, B — MRV TRIIHIERR D B 2T CHIE 21TV E
EECK L CEAIEET D . BARMOBBESIEE L
T TBC HFREM, MR E oWz 58 LRFEEEED
JEWEER Af % 01EST 5 L5 ICH D AT 5. &
R & OFRERPT N CERFANEE L TS L RETD &,
RN OLETOREMEHS Lz 1 BOEMARET L TH
T LR TE D, BMIREFALEHND &, Af T Fig. 4
D XD NHRMNTHA LT fbhainze (A ZEE) AP, ©
Fo L AREE) AP, 03%) L itEcx s Y. £/, Fig. 30
BIIFR Y NU— 7 & REBRNTET L TERT L, Fig. 5 O X
INIRBTE S,

No.3 March 2010
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Fig.3 Power Networks of The System
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Fig.4 Equivalent Generator Model

S+ +
N

ARG CIXAHEAR & L CEBMEEL L O — MR 7
EEZ TS, b— bR THE, BEXREEMAET 1 WENLR
THEHEL, REICEALUIEZRVbDE L, 2TORTGIH
TR 2 —EDORMEDOEEEZ T 2D LGET 5. Fig.hb ®
APg;, Awgi, APy, APri, APgi, APwi, APye, 3%
NENTYT i ODF AL —EUREWOHT), TALZ—E
DHAF—NF), BAFEES, FIHHEER A O AL, &
e AT 2RO INEES, ©— MRUOTROWMEES, #
R OLEE &+ 5. (75) KD AP, 1TV 7 i ODFEE
N MBBHOMGEEE LT

AP; = APgi + APwi — APri + APy, + APg; — APy, (75)

T VT OWRETIBET 2= 7% j L3258, APy, =
T (Af; — Af;) RS, HUIREREIT AR; = APy, —
kLAf, TRbShbboE L, U, = fARi dt LEFELT.
ZZTki, Tij, Ry, FENENRMER, FMIRE, HE
MERLTH.
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Fig. 5 Frequency Analysis Model of Area ¢

4.2 BARY FT—H OREEMERE
B AT LB REZEMRB TRT L (T6) RO L5 I
7%.

Ze(t) = Acze(t) + Beue(t) + Hewe(t) (76)
2(t) = Cexc(t) + Deuc(t) (77)

2L, we(t) = [2h () zi2(t) z®)]", , ue(t) = [ui ()
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ula(t) ui(t)]" € R*?, we(t) = [wi (1) wia(t) wis(t)]" €
R™3, 2o(t) = [20(t) 2(t) 2L(t)]" € R L LT
zei(t) = [Afi(t) APq;(t) Azg,(t) APp,;(t) APu,(t)
Uz(t) APtiei(t)]T c RTS
wei(t) = [(APwi(t) — AP, (t) 00000 0]"

Al:ll ACIZ AClS
Ac=| Awr Ao Aca
| Aes1 Acsz Acss
_ b,
— w0 am w0 oap
0 = A0 0 0 o0
7Tmlei 0 7T; 0 0 0 0
Acii= 0 0 0 -7 0 0 0
0 0 0 0 —ﬁ 0 0
—k; 0 0 0 0 0 1
| -, Ty 0 00 0 0 0 |
Acij :chi = dlag(T’l]: 07 0, 07 07 07 0)

Ti;=0if (4,5) €N
B.=diag(Bc1, Be2, Bes)

0o o 0
0 0 0
ﬁ 0 0
Bei=| 0 & o0
o0 o
0 0 0
0 0 0 |

C.=diag(Ce1,Ce2,Ce3), D = diag(De1, De2, De3)
1
Hc:diag(HchHCQ,HCS),Hci:diag(ﬁ 0,0,0,0,0,0)

T 5. RN EE VT 7 VR T CHERES 2 &,
KOLS RS,
z(k+1) = Az(k) + Bu(k) + Hw(k) (78)
2(k+1) = Cz(k) + Du(k) (79)

7-7ZL, A=TA.+1,B=TB.,H=TH.,C =C.,D =
D. Ths. F£72, Aij, B, Ci, D; ZBEBIREHE S A7 ATk
BT 70y 715ET B, vik) = Y0 L, Ayay(k) +
Hiwi(k) L3< &, WEFMITR5.
zi(k+1) = Auzi(k) + Biui(k) + vi (k) (80)
zi(k) = Cizi(k) + Diu; (k) (81)

ZORAERND L, REOBNRY FT—I DY AT A S
FRDOEDITERFT ZENTED.
2(k+1) = Apz(k) + Bu(k) + v(k) (82)
z(k) = Cz(k) + Du(k) (83)

4.3 BEBIRTLOEE

ZOVAF LKL, Fig. 6 DX HITPEE T AT LA
T5., ZOL)EEERAT L IHEAE LT, £ TR
T WIS DY TV RT ADHN D (B 2%
L2, BiET A2V TV AT AR EOEFEREEEIELON

HRR - ThD.

Fig.6 Structure of The Hierarchical Power Network

Ko 1JgBRIcs T 2FFEEHIRICHHEL TS, Zov
AT AL 3B THRESN, —HOY T AT AREFL TN
L. ZOVAT AEHFINCET. 1 EHOITINERD £ 51T
75,

ALl,l = All, AL1,2 = A227 ALI,S == A227 AL1,4 = A33

Brii =B, Bras =By, Bris=DBs, Bpia=Bs
CLl,l = Cl, CL2,2 = 027 CL1,3 = 027 CL1,4 = CB
Diia1 =Dy, Dras=Ds, Diys=Ds, Diyg=Ds

2@ HDOITINIRD L D127 D.

Ar21 = G1L2,1 ® A1+ Gle,g ® Aaa,
Ap2p2 = G1L2,3 ® A2z + G}:2,4 ® Ass
Brag = Glaq ® Bi + Glas ® Bo,
Braos=Gra3® By +Grou® Bs
Cr21 = G2Lz,1 ® C1+ G%g,z ® Ca,
Craz2 = G%z,a ® C2 + GQLzA ®C3
Drai = Gly1 @ D1+ Gias ® Do,
Dira2 = G2L2,3 ® D2 + G2L2,4 ® D3
I LJEOITINTIRD L 91272 %
A=Gls31®Arai 4+ Glso ® Ao
B= G1L3,1 ® Broa + Gng,z ® Bro,2

C= G2L3,1 ®Cr21 + Gis,z ® Cra,2
D= GQLgJ ® Dr21+ GQL;;,Q ® D22

=L,
G1L2,1 = Gi2,3 = 0}32,5 = diag(l,()),
G1L2,2 = Gi2,4 = Gle,a = diag(oa 1)

GiB,l - dlag(17 07 0)7 G}/3,2 = dlag(07 17 0)7
GiB 3 — dlag(()? 07 1)

1 0 2 0 0 2 1 0
G2,.= G2, ., = G2, .=
L2,1 1 oo T2 1|2 0 0

0 -1 2 1 0 2 0 0
G2, .= G2, = G2, 6=
L2,4 0o 1 |’ L2,5 0 0l L2,6 0 1

G1s,1=diag(1,0,0),G73, = diag(0, 1,0),
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G%3,3:diag(oa 07 1)
Ths. ZOLx Fi(i,n), Fa(i,n) WU FOL 5145,

Fi(1,3) = diag(1,0,0,0,0,1)
F1(2,3) = diag(0,1,1,0,0,0)
Fi(3,3) = diag(0,0,0,1,1,0)

1 0 0 0 0 0 00 0 0 00
-1 0 0 0 0 O 01 0 000
0 0 0 0 0O 001 000
F(1,3) = , 12(2,3) = )
0O 0 0 0 0 O 00 0 0 O0O0
0O 0 0 0 0O 00 0 0 0O
0O 0 0 0 01 00 0 0 00
000 0 00
00 0 0 00
00 0 -1 00
F(3,3) =

4.4 PRATLOIEK

AT NS WYAT NS OYERE 720 | Kb 2 HIERNAHE
INTED LD 72 V,Ua, Uy, W BFEET D 0HERT B, D &
212 Gy, Gu,, Gw, &5,

100 00 0 00 0
000 010 000
00 0 01 0 00 0

lei GVQZ 1GV3:
000 00 0 0 0 1
000 00 0 00 1
100 00 0 00 0

05 0 0 0 0 05|
Guy,=Gw, =0 0000 o0 [,

0 0 0 0

0 0 0 0
Gu,=Gw, = |0 05 05 0 0 0 [,

0 0 0

[0 0 0 0 0]
Gu;=Gw; = [0 00 0 0 0

00 0 05 05 0

ZDLE, VAT AOIEREM R OT SI1E S kL
720, IR ARG L, M T D Z N TES.

4.5 SEREEEHIEEE O - B/

HIAE B BXREm RS J 2o MET A Z L ETH D, SEIT
2MEBEH DY T AT MIHIET 5 Y B v FHEREMRE, H
WBEBITH L ET D, BONILA V& Koy 34
& VAT AAKTIE,

f( = Gi3,1 ® f(LQ,l + G1L3,2 ® RLZ,Q + Gis,s ® [(L24,3 (84)

L%, LDV AT MTHHGT B T2z (72) & Vil
WEAENT B,

4.6 NSA—HHKE

PR B B ER, € = [Coi;Cri, Di
[Dgi; Dri] £ LT, Cg; = diag(10 1111 1 1), Crs

Dg; =0 € R*7, Dg; = diag(1 10 10) & L7=. E/#8IZRd
FTEHNRTA—HIFUTOLEY ThD.

Table 1 Parameters of Power Network

Sample Time]s] T 0.1
Reference Frequency[Hz] f 50
System Capacity[MW] S; 50
System Constant ki 5

Inertia Constant[puMW- s/Hz] M; |0.21, 0.22, 0.20

Damping Constant[puMW /Hz] D; |0.25,0.24, 0.26
Regulation Constant[Hz/puMW] | Rg; 2.5
Governer Time Constant|s] Ty 0.2

Gas Turbine Constant|s] Tai

BESS Time Constant[s] Tai 1

HP Time Constant[s] T 1
Synchronising coefficient[puMW] | Tj; 0.50

AMEE) AP B X ORIFEEN T APy, 13 Fig. 7 Th
5. 2T, ARSI T 2R ED S b ANF T ) —
L AT AN AR S 72D, HEAMLUSN DI E T > b
L7eb Dz W5, RERIERIZHIATITNA, ¥ 2 b—
va vt =1200[s] £TITo 7.

| <
5t 7
z
=
=
S
®
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E}
T .
o
B o ,
] <
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t[s]
—— BPL
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Fig.7 Deviation of Load and Wind Power

4.7 TYIal—YavITkBREE

22 2 b—3 3 1E MATLAB 2012a OB TI{To72. =
2N, R 2 IHA ERGET 5.

4.7.1 JHEHAED

F IR JE W HTE DL Fig. 8 TH 5. ik~ 7 vl
2B —E R HEMEE, b — MR TEEO AN Fig. 9
DI STz, Fig. 8 1V, KHukoOF AT +0.2[Hez]
DOFRPICIE > TWD O TRETFEL A LIcE T L E L
TWBHZERbMD. £z, Fig. 9 L 0 Mk OHIEH T8
ERNRERETEL, FEHE —EIRE S L LTHDOM0Db
B RIT, B OSIBENITH B HIRERIE T L Sk 2 o
T, B L OEPROHEFELEN L72REo ¢ = 1200]s]
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WIERr SN EEE LS. Fig. 11 DX 512, REFEL S
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DOHIEFIEE T 5.

Hierarchical
Controller 3

Hierarchical
Controller 2

AR
[ )

Area 1 Area 2

Hierarchical
Controller 1

Controller 2

Controller 1

Controller 3

Decentralized Hierarchical Controller
(Proposed method)

Decentralized Controller
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WY D L IRRRFIEOMMPUERFIEOMED U T e -
TEY, BETFENEDTHHZ EBbND. ZhbORER
LV REFBIT ¢ = 10[s] IS BOHBEITE L 0 L IERER
E<, BOWALEICLTWD Z &N D. BEFELY
T VAT KRG L CHIAER 2R 2 O T Okl
DOFEENIEM L CHERZENAR Y NT—7 OEMANRTE
B, Lo, BEEBANEEHINDEN XY hT—7
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5. &hH Y Ic

AR CIREGEREAWZE R Y 8 U — 7 05 B RET
WERE L. ZOFETEOFIETIIBEL TR
VT VAT KON T VAT A OBIRIECEIE e &
DEEEEZ OO THD. BRET D oBBEEHIEL 3 >
DB ZR TR LTz, £7, v MU —7 &K% RN
B2 2 KO ITRIBPAN 2 G T 7 27 L THRER
W LT2. ZOVAT AT, HOMETY T VAT ANE
BLTWD. WIS, K LIZBEE S AT ABTOT AT L L
SHSBRICSH 2 2 & 2R LTz, ZORSBRIZILO v AT
DERERR LTRSS S 2T A ORI 2R - FHG ) 0ER
MECIZZR2 WS BRTH D, &%, BES AT 2Tkt
T 5B RER ARG L, LD VAT AIHIST D LD
ZHlEgR AN L7z, 2 LT, BRE, TAZ—E L, b—
MRS, EEME VST BONEREEALZE Ry b
U — 7 OJEWEHIBR B G IR B FEAEE L. =RETF
AR LicE 1Ry U — 7 (3R FEEL NI E -
THEY, ZETETNWD I LERLE. £, BEFIE, &£
Tl FER L OEOROSBHIEFEO TN ENEE R >
NU— 7 Z#H LT 35E B O EIC Lo TR L, &
BHEEHFECB T 2RBFEOAIM L R L. I, #
RFE LD S FEEZBEN LB Ry FU =212
BWTh LR O O TRRME L2 Ga 2RIt L, 2 X
I BIE Dl & JE AR D ZEBY O LI D B IR G FEN WIS A28
EORFITHRNZ L E2R LTz,
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