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Abstract: With the development of smart grids, a large number of high-permeability distributed power sources are connected
to the grid in cluster form. The coupling between communication networks and power networks is deepening, and the
architecture of Cyber-Physical System (CPS) is constantly improving. In this paper, a hierarchical collaborative control
scheme based on multi-agent consistency for intra-group autonomy and inter-group coordination is proposed for high-ratio
distributed power cluster regional power grid. In order to fully consider the impact of communication system on cluster
control, this paper builds a real-time power information simulation platform based on RT-LAB and OPNET, which can
accurately reflect the performance of communication network and the whole process of sending, communicating, delaying
and responding to accurate simulation strategy. In addition, this paper implements the CPS hardware in the ring, the cluster
controller hardware is developed for the proposed cluster control strategy. The simulation of the cluster example in different
communication scenarios under the CPS architecture verifies the effectiveness of the cluster control strategy and the
feasibility and accuracy of the simulation platform.
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Fig. 1 Power cyber-physical system architecture for

distributed power clusters
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Fig. 3 Distributed power clusters control framework
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Fig. 6 Simulation results of intra-group autonomy case
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Table 1 Controller operating time in different communication

environments in intra-group autonomy case

WG EAEINTal/s RER AR L
(IS UEEIN 0.11 0.9672
A 28 0.13 0.967 0
T e I 2 0.35 0.966 6

ML 6(a)FIFR 1 45258, 7T LLE B A RIS
S FERE R oo RO AT B R . AR IR
W, BIascaHEBAER, Ehge T 011 s
AT UABE, e — MBI ZEEE T, A LLRM
PRI AR A GEIR, TAE] T 0.13s, AL
Al B e AR Xy 5 1R B AN K, BT LA 1)
FEIRI/N, PHFNIEAR PR T BRI B i s AR 2
T o A M TE A 0 2 DR g e iy i B JE N, s
A K H] 035 s, RELRERAR R AN A BT
TR SEFET I ER, g ] RS B
HES, X EEER N REMN ZEFCIELT.

HE 6(b)rTLUE Y, A5 &AWk, A%
MR CER B IS S, AR, S0
Je R REZE U RAIG T 1IE 5 7K o 1M B 6(c) 45 R o,
3 s W A AE S P EUL TR — AN e F YRR BN, R R
LHLRIRTE, 5 s IR A AT i B J5 R AR A
IEHB SR — 30 A SR B AR B4 W 2 ALE
R SR T, AR E G R, by
HL B AT I, 2% FH FRYER B BN B #1525 s i 2 HL )
R A, KRR, WA bS] R
HESHARG .

4.2.2 HEE P E

BB PR R, 75 5 s I 36 514k
A IR B, 2 S AR IR T U Y A
WA TR . HE T 2 SRR /N,
TN FEYR A AN 2 LK R T B IE KT, e
SR AR AT A TG R, W — S5k
AT SRR R ). 7E OPNET HHikEA
[ B A5 50, MUERAEAN A AR IR0 43 R
(25 5%

FEWTFOEAS 3 ZERE S FE AR s ), A
SCOr MU T Lk e A 3 ZERIRE RS %, R
PRBCE T a0 R LMl E T : O IEWlEHEE, %
AR G5 @ Bl s %, BEMg%
TR P BR T ok ARG E G, S SR
REFUIAD S s G 2k e ts 28, WAfE M4 T4k
PR AR s @ BRI S a2, BENIE (S 261
KA . BRI A FDEAE RN, 12 SR
H AR AEAE S an ] 7(a) T, BETRDIAS S 1 JE 1)
EEE R 70)Fr, Lk 4 BORFEL G~
PERIRCR B 2 e 2 s Meah, s i
TS EM B, fEIEW AT R, 5
N 3 SAEREEE ol FIAfR A H IR, BN
AT YR e 2 e A, P A R ()R

ZEEMEEE T(a). Bl T(0)RIEE 2 I L4,
AT DL AN [7) 2 % AN [Fil 3 ZE A B 4 Tl R ™



-0 - @A &R B R

RIS . E2Rm bR AR A 1 2E A s s
PRI RE, LR BIETERT, ARBAERERIALIT S
T BR8] 25 259 1 R TR R BU 1F 5 045 PR B o s A 4
hn, RN, AHSEAE R LRI RN LG JE N, PIIREh
YERFTRIER ORI, ik %] T 0.31s A1 0.60 s,
P L 22 A T 7() I BUR R, HE]
SRR, TR T, AHERENT
P YA Tl o L B0 A, BV I TRDRT L A A5G
— B AR T AR N 1 F YA AR A IR R W A,
AHEH I SEIR T 0.19s. A Wl 22 &R
RAFEEY) AL — AR, AT — 452k i 38 FE T
ARE S EUEHIRR . I 7)) BABEH, 5s R4
(149 30 15 1At 5 BOAR I AR AF 1) LY AR 6 IE 5 o528
1, Rk E 2 Ja bR URAIR T IE 5 7K

0.985 T

0.980

0.975

0.970 -

0.965

0.960 - . = . : 0 -
0 4 (] 5 10 12 14 16 18 20

t's

(a) TER I A L0 7 by SR T e el He AR ]

0.985
— IR |
—— M |

0.980
0.975+

0.970 -

0.965

0.960
0

2 4 6 & 10 12 14 16 18 20
s
(b) B S b Bedg Bt B Bpek do s 2 (k1]

0985

(.980 1

0.975

0.970 +

0.965

(}_l}hn: L A i ! ! L ! L i
0 4 6 8 10 12 14 16 18 20
s
(o) JHLAF e g dgpast B 2 e
7 BEARESER

Fig. 7 Simulation results of intergroup coordination case
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Table 2 Controller operating time in different communication

environments in intergroup coordination case
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