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Research and development of a distributed detection platform for security and stability
control systems based on hardware-in-the-loop
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Abstract: Security and stability control systems ensure the secure operation of power systems. Existing function tests of
stability control systems are typically performed in offline environment using centralized open-loop testing, which cannot
effectively address complex dynamic conditions and suffers from limitations in real-time performance and adaptability. To
overcome these shortcomings, this paper presents a distributed online testing method based on hardware-in-the-loop,
enabling online testing with non-real-time simulation tools. First, key technologies such as synchronization, information
exchange, and result evaluation in a distributed system are studied. Then, an event identification algorithm suitable for
dynamic testing is designed according to testing requirements. Next, a multi-round closed-loop iteration testing platform
is developed to provide comprehensive testing results and verify the effectiveness of the stability control systems. Finally,
a pilot application of the proposed method is conducted on the stability control system of a sending-end power grid.
Simulation tests and engineering validation confirm the performance of the proposed testing method.
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Key words: security and stability control system; distributed testing; non-real-time simulation; online testing; event
identification

0 2= Gix TR M I Ra e 1B AT AR Y, et
- 1L B ) R G R AR TN B A N, B YIRL. 1)

TRV IR S —IERI 2k, Zafeemml R EEE R, B bSsmy ok, REs R 2 A
FEIBAT . (ESKPRHMIZAT T, AR E R
EEWMB: B A AHFELTA F8) (52407140) L ZeREENARAGEEASEB, RiNL




B, %

SRR 2 2 RE i R A S T G B L5 0T Kk - 177 -

EMERME R R, w22 E R RE )
Re B, X E M. 5 H AT
RO 2 e fa e B KA AT SEMEAVE &%
Yo BEE B REIRSE R IR EF, ENIEiTRES
AN E PE R E SN, PR PAT IR A e P
RIEN i P TR S A Y P ec oy Y b e 1] e S =
KIBERT O, X 22 4R e 2 R G RINARBA th 2
T ERER .

MR SCHR[ 7T Fd% R G038 B MAKLIR 4 M4
e 1) B IR : X H T A B B 4
JE BT RS 2) Fracdehin . R daii
WSS 5 R BIE R & TR 3) IBITH R4S
(R )E IR T : XS AT 88 3 AT R BT 4
MG RS 4) BITH RFCGEE AR X
SR BAR AR . S B S TSR, AH OGS
MANEELAFE: ST, 4% Rk, 3
AFHJERLS . AMARThRER IS . SHAM e isEE
FIBCA R 5. IEEEERK. e,
MIREFE B, W A B B R 4t o 2 AR
ORI, IR ZE S MR N A 2
RSB SL I MBS LS, 2 5 AT SR A
B, FEAFEHEM. B BE. VU
HIMR, f )5 56 BRI AT M SEPRIZ AT Ja I i s,
FEAFEEEE E LW R R

AT AT 2 A AR e 2 1 T R AN IG E 3R
W (P IERA PR, AT DR FH 4k s ORI A S5 A B i 4%
HATIEMR . Z7 RN 7,
ENFRIE S E IG5 IR, BLA R DIRe T i
Mo J8HE X RS AR a R L, Hihd
KBy, BT R whik B Az 2P (HRX R
BRI TR R B R R KRG A, B H sk
B L I BB AT TOUATFAEZE 5, TOIZ AL R I 7E i
S L0, Wt Te v AR I P R A b
ot RIS PATIE L, RSB MR K
L — G gk BRIk i Y, B
BRI RIBR M. Britz ok, Dhge it n] DR H
fiff 44 7F 2K (hardware-in-the-loop, HIL) 77 20 N #Y 2 52
Pk, s B AR, T DAAE A EL S
15 BRI OL S A RIS & 0] 8,k Ho 7E SE PR
VEA A B R, ] DL B A A O 18 4T 2%
PR AR S, B BN SR SEBR FR 4 H
DASE BB A DL 22 4 S R AR % b 450 o

FRYEAF HIS H BRI 2644, B arEr 245
FEEF RGEEE) M7 EEERET LR3I
JrTH o 1) M SR TE] s JESERS S SEnt; 2) MR eE -
AR EEFR; 3) M. AR5 EL%E. &

AR MR B SR SR 1) dR g4
ZRMEBU, AT A M0 25 418 E 2R e 1
SR IR 25 5 9 2) A e U A 44 4
FEEHT )R, Riies 8 m ekt ria s,
oA A R, R, AR
I RGIURIE; 3) BALNNAIA R Tl e 5
KB RAFE LS, MR T LR RS R
SEIEAT RS, A SBR

CAAEINR T V5 AEAN R 4 B 1 S B i 2 I 1]
MAZER . T E TN . ARSI R 5T, SE
B R 2 ER R Al L) P B S AR X Y R
et AT pE i NI, (HE 7w e R SR
FF HRTIE (S R 28 B SEI R ZERAR e, X AE DA R %
AT ARG SIS IS, BRAE R . B,
SRR SR b ik B SR B, 1)z
) AEAE— E M BORBERG o ARSI akaeE b 1 X sk
I 07 FCATRE A I (8] [F) 22 R A K, AT 1 oxh sk
RERE A ety SR A5 28 RS, B T I R 4t
IR A, JIF HARSER NS N R s, HiEs
ke, 25 AT AR 2, RS T,
A R G R 2O T B — b hL, R
S b BRAE SRS S IR P R, EAE LR
W) SERRIZ AT PR, Hd B AT R PRS2 BIAR K
BRI, JCHARAE LRI TR IR 5 i (BN AT N
Ry A ZAR EAE A o oA 3R A 24T LU
KRG MEL AN HBIALE, 87 A7 X5 S P
] SEEAT R G| IR AR AIE o X P 4 R R ) I A A
FURIPEAd 73 R AR 5 T RGN L H R R
RENS T 17 1l s e 2 43¢ Sz AT Hh e 26 1) R U R A
Wt R T 7 RGMY AT, RN
JiTH, B LR IRR 2 AR AE S S IAEE T N2 4
AIATE, AH f AU B AR SEPRIs AT I R A%
ENEAT A, WRER RN 2 2R, R4
MRRU 2O 5 5 FLS S W R G AEIE AT TR K IR
A IREE R AR, A TR R
SEISAT A HTF2 T 4 Lo A1 SRS AE FL S 00 F R
AR I o

ZREPTE, ZRE B SEPRIESR, A ICRH]
WA AERA 7 S R 2 RSB AN EL, KA
ST AR SE O FOH LA R A A AL,
B L I B 2% 0L N AR R G RIS AT I 0L, 2
CE AR R G T RENI SRS HEAT A R RALE -

1 RN aERt

1.1 BIREEH
AR ARG HAELF T ERR. AT R



- 178 -

W) R Gy B

G, B E R, ARSCIH R G EEAN A B
WK FEHLH, SR b E R AR T BT R 4%
FHL ] RS B & Gi(advanced digital power system
simulator, ADPSS)[QS'26 OGS B AR T
ETSDAC fE N FEATH TR . S SEhr s i) X

—_—— e e

e ro T
DMvE T
R |
| TR )
o RS
s R I ;ﬁfﬁ
— <:
B i s
N T oy ol

1 RNEa!

BREAGNER, BEESHE T ERE, BHE
v%ﬁ%ﬁﬁﬁ%ﬂm%ﬁiﬁﬁu,@%%%§
S, TSR ERRINEREER. RIER
Gkl & B AL A 1 R

— EUES
HIfES

A, R
TEM
_ ABE4
1 e R
I FBEED | ORI
v FEkAE B
— B S ey
/yL‘,\v «H—ﬁ‘ — )-(-
BIERAPL ™ s+ oS (RN
LYt EA Ly
|‘|\H
TR ‘ } Ly
2 R4 LU
I WS [ 1] I
I $IED | GRS RN
(ii eSSt Lo
 mme BEUEEA i
e i
AL E A | N
| |
LRI Ly
L 0 FBAL Ly
i ) Ry
I FRAED | G i
<ii T it |‘}
m — o GRS N [
Yt s TR Sl
AL EA Il
I
I
T i) [
o PR I
7 Gl |
I FRERD | G
i T B |
- B T
B TESS — . —
RIS s GRS
S EA

DR

Fig. 1 Overall architecture of the detection platform
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