5553 % 559 1] W RGERP L 4 Vol.53 No.9
20255 H1H Power System Protection and Control May 1, 2025

DOI: 10.19783/j.cnki.pspc.240869

HEF Mok FEEE R MMC-STATCOM S#A81#i0 /53%

% E %l #/ ) ,\7]<$‘ ) ’f r 37 #i)]ﬂ%’ﬁ4

(1. 28 RF QA 5HERFR, b TG 443002; 2. FRELAHAABRELELET (dbd HRF), LT 1022006,
3. B W TR A TR E) v@iyﬁﬂr‘%ﬁmrfm TAE AR 7500015 4. BRF G NE], TH G 461000

WE: ZHPMRSERET A RE, FNSHMERE N EME S EAMERHE, B4 Gon T3 525 DL
AR A REY R R 5P T SO TR IR UL 2 B P #R R D AME SR S5 S
W k. B4, AL L B P L R 2D #ME 25 (modular multilevel converter static synchronous compensator,
MMC-STATCOM)I AR, e RS, Hik, e —ME TR ERNSEFORTE, KBSEF0ERN
B RS H GG RZIRE PR R b, SRAPRIANE SRS 7 R8s X TA) il A2 P AR XA 15 22 %0 IR AR
SO, G A ORI TR SIS AL 2 H T FDAME R M S B S AR ZE YRR . RS SIEN, &
HOMRE & R 22 BOPFRIRZE 70 UAE 1.06%A1 2.95% AN -

KRR F L EIPAMER RS TP O TR TR RGE: SRR

MMC-STATCOM affine parameter identification method based on improved particle swarm optimization

HUANG Yaoxuan', CHENG Shan', HUANG Yongzhang?, XU Hengshan®, DU Pengfei’
(1. College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China; 2. State Key
Laboratory for Alternate Electrical Power System with Renewable Energy Sources (North China Electric Power University),
Beijing 102206, China; 3. Electric Power Research Institute of State Grid Ningxia Electric Power Co., Ltd.,
Yinchuan 750001, China; 4. State Grid Xuchang Electric Power Supply Company, Xuchang 461000, China)

Abstract: The effectiveness of parameter identification is strongly related to coupling errors, which exhibit highly
complexity characteristics. However, traditional particle swarm optimization (PSO) algorithms are difficult to efficiently
utilize the coupling errors to expand their search range. This paper proposes an affine parameter identification method for
modular multilevel converter static synchronous compensator (MMC-STATCOM) based on an improved PSO. First, the
mathematical model of the MMC-STATCOM is established to determine the parameters to be identified. Next, an
affine-based parameter identification method is proposed to transform the parameter identification problem into a joint
identification problem of parameters and coupling errors. Building on this, the entropy weight method is adopted to
comprehensively consider the influence of interval satisfaction and interval errors on the identification results. The
improved PSO is then used to realize decoupling identification of the parameters and coupling errors for the
MMC-STATCOM. Simulation results prove that the identification errors of parameters and coupling errors are within
1.06% and 2.95%, respectively.
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Fig. 1 Control structure diagram of MMC-STATCOM
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Fig. 2 Influence of parameter errors on identification results
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Fig. 9 Identification results comparison of different algorithms
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Table 3 Identification results of different algorithms
SRR PRRE R
% X [A] 4% 2 /p.u.
ik X [a)i% Z/p.u X, X, X X
GA 0.0034 [4.0000 4.2110] [398.895 402.927] [0.4690 0.6330] [19.8690 20.6140]
PSO 0.0013 [3.6000 4.9060] [400.000 400.626] [0.5000 0.7330] [20.0000 20.2590]
SA 0.0233 [2.5726 4.3900] [399.259 400.000] [0.4754 0.8215] [19.2490 20.1820]
PSO-TCS 0.0010 [3.9590 4.0170] [397.569 409.969] [0.4977 0.5153] [19.8070 20.3290]
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Table 4 Results comparison of parametric affine identification and traditional stepwise identification
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Table 5 Parameter identification results for various metrics

SHOIN PR,

PPRIFRAR XAEZpu. XN ALE/%
K K, K
R X )5 % 0.0010 56.44 [3.95904.0170]  [397.5690 409.9690]  [0.4977 0.5153]  [19.8070 20.3290]
RARBELE A5 R 0.0630 88.76 [3.95394.1310]  [396.7228 402.9464] [0.4885 0.5220] [19.7326 20.0076]
S R IX [ AL 0.1421 92.91 [2.94105.1078]  [396.5846 407.8653]  [0.24120.5625]  [19.4048 21.6981]
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Table 6 MMC-STATCOM parameter identification errors

ZH HHA X 8] WE % — B isE %
de [3.9539 4.1310] [-1.153 3.275] 1.06£2.214
K, [396.5728 403.1464]  [-0.857 0.786] -0.04+0.822
K, [0.4885 0.5180] [-2.30 3.60] 0.65+2.950
K, [19.7326 20.0076]  [-1.337 0.038] -0.65+0.688

HHER 6 DI, DX TE)3 2 BE AN VP TR AR, H
55 1 HHR VAR Re T RS R e, S5
SRR GE RAR E LRI 3.6%0UN, HSEOREE
1.06% AN, &R Z WIEHITE 2.95% AN, [FIR) 45
G2 4, AT B TR L AN X H] R 22 1 S 5
FHRRITENPRRR ZE BARAE T A B EXERZEDR
HERR g, HARET R B EX AR ER KT
1.17%, (HE KRSHEORZW/N T 0.24%, XK LR
G REIX R R E X B R 2 f5, EyRsSel TG
RZ RIS . SCRR[24]1H 102 80 = iR 22 BLARIK
TAR EmERZE, HHRSHEHHRARI 5 T A3,

KRB R ZE D TLs RBUS BRI S HUKH, s
BT BRSO i . E, BPRRAS
AN RT-LAB 529107 H R G H IRAIE

W 14 Fos, REARSCIHRTIER AT TG IR
7%, (HERAHRR B A T B X [, #ER
RPN AE,  HAR T X A4 A T g
T ah 2k, 5 HRZE T A RN 0.0068 pau.,
[T e R PR 2R, FH I ] DA B AR ST HY
) 255 2 R X )35 FE B A0 [X ) 35 222 1) S 350007 S R
TTEAE R S B RER M EZR AT T, fRIE T
MMC-STATCOM BRI Z R 1) 56 &1 o

0.3 T T T T
=
& 0.2F
S
B 01k
) .
H
i@r
= 0
@]
@]
=
p
»n —0.1Rw
702 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5
I [1)/s

14 {A5H##R RT-LAB {AE4ZR
Fig. 14 Affine identification RT-LAB simulation results

6 i

AILAHT T MMC-STATCOM S HH0 4 15 25 %
HEUBCR I, RIS EHHR AR S B &
R, A S B AR ZE RN AR R 2 B
H s B MERRE, (AR GoRi T3 B2 HE LA s 250R
AR EY REIEMRIEE . R b, A
H T — R T Sut R 57% MMC-STATCOM 2
BRI HER T, A5 B0 4 ) 2R i PR ER
FEME, A SE A S ERIR SR E S
HER A, (RS S EUO RN . T i
AT EIGAE, RIAEAFREREMBOLT, 1%
HERE LIS B S A R Z RS T, TELRIE
98.75% iz B KE tE FE 1 [RI B, Ky i3 B X [) 46 93 2
2%, SEGHHR AT, ELEEH EIX ]
W R X R Z R RTHE T, %Ak RE 5 R Hh
WHSHEAH X, SRR G RZENPHRIRZE
WIZE 1.06%A1 2.95% AN . HAG—4_IEZ, Py
TETCZI A 2 B B R B R R AT SE IR S 5N
GIREMNREIHR, AW, RAHEE
(3R 25 SR T2 FHANME .



- 186 - W) &SRy SR 4
ik (B R, 2023, 50(10): 51-59.

) ) o LIU Shilin, LI Dejun, YAO Wei, et al. Estimation on state
(1] MRARME. 258k H HF STATCOM By L E 3 540 BT %

[3]

[4]

(5]

(6]

(7]

PEHI IR WETE[D]. dbut: P EEK, 2019,

LIN Penghui. Research on DC side voltage fluctuation
analysis and control strategy of cascaded H-bridge
STATCOM[D]. Beijing: China University of Mining and
Technology, 2019.

ZHU Jingsong, LI Lei, PAN Min. Study of a novel
STATCOM based on modular multilevel inverter[C] //
38th Annual Conference of the IEEE Industrial Electronics
Society (IECON 2012), October 25-28, 2012, Montreal,
QC, Canada: 1428-1432.

W, IRR, TR, . SUHA MMC-STATCOM 1)
B Ky EEHI]. R TR SR, 2013, 28(12):
44-51, 59.

DAI Ke, XU Chen, DING Yufeng, et al. Research on
modeling and hierarchical control for an improved MMC-
STATCOM][J]. Transactions of China Electrotechnical
Society, 2013, 28(12): 44-51, 59.

PEE S, sVTHE, WM, & BT EEREN
STATCOM 55[J]. Bsib 5145, 2021, 36(4): 6-9, 19.
BAN Guobang, GUO Xianchao, HUANG Hui, et al.

Research on STATCOM based on direct power control[J].

Automation & Instrumentation, 2021, 36(4): 6-9, 19.
MBS, BREW, BRE, % A FERMELST
MMC 5 1548 25 4 42 ) S [J]. K BH g 24l 2020,
41(9): 310-317.

SUN Weisha, CHENG Qiming, CHENG Yinman, et al.
MMC control strategy based on sliding mode variable
structure under unbalanced grid voltage[J]. Acta Energiae
Solaris Sinica, 2020, 41(9): 310-317.

JEEAR, EE)I, mifl. BT A B SR TN
TIRVE R KL RS LS BN EE D], THENLR
5HAE, 2021, 38(1): 280-283.

FANG Guihua, WANG Hechuan, GAO Xu. Parameter
identification algorithm of permanent magnet synchronnus
motor based on dynamic forgetting factor recursive least
square method[J]. Computer Applications and Software,
2021, 38(1): 280-283.

TP, AR, 200K, S FETRITORL T HE R U5 X
HINLAL LVRT Sl i S B A 2 800R ). T E 7,
2024, 57(8): 75-84.

LI Dan, QIN Shiyao, LI Shaolin, et al. LVRT measurement
model and transient parameter identification of wind turbine
based on chaotic particle swarm[J]. Electric Power, 2024,
57(8): 75-84.

XK, 2t Bh, & BETRRREINS MR
R 2R R A A A FEOIRAS Al T[] IR R

(9]

[10]

[11]

[12]

[13]

[14]

of charge of lithium battery based on fusion of kernel
extreme learning machine and cubature Kalman filter[J].
Journal of Hunan University (Natural Sciences), 2023,
50(10): 51-59.

WRde, AR, WHEF, & AT UubRm s 5 5E
HIX R Z W ES BN TNED]. ARG RS
1, 2023, 51(20): 99-106.

CHEN Lei, ZHENG Shencong, JIANG Yuqi, et al.
Identifying multi-machine equivalent parameters of wind
farms based on an improved chaotic cuckoo search
algorithm[J]. Power System Protection and Control, 2023,
51(20): 99-106.

GAO Huimin, DIAO Ruisheng, HUANG Zhuo, et al.
Parameter identification of SVG using multilayer coarse-
to-fine grid searching and particle swarm optimization[J].
IEEE Access, 2022, 10: 77137-77146.

TKNE, TR, W, & AT SR EE L
To DI AN S T S B IR T VL [T]. RMHR, 2019,
43(2): 731-738.

NIE Yonghui, ZHANG Chunlei, GAO Lei, et al.
Research on parameter identification of static var
compensator model based on improved chicken swarm
optimization algorithm[J]. Power System Technology,
2019, 43(2): 731-738.

MR L, REEE, INEAS. TE U R A
P2 KR PRI SR, 2023, 40(12):
97-106.

XU Hengshan, ZHU Shihao, SUN Leijie. Divided interval
identification method for control parameters with
considering fault characteristics of doubly fed induction
generator[J]. Distribution & Utilization, 2023, 40(12):
97-106.

i, FENL, FR, 5 EE FIEIERIXUR
JINAE G SRy B HEHR T VA [T]. KFH B2, 2024,
45(4): 247-256.

XU Hengshan, LI Yanru, LI Wenhao, et al. Stepwise
identification method of control parameters for DFIG
based on composite optimization algorithm[J]. Acta
Energiae Solaris Sinica, 2024, 45(4): 247-256.

SRR, AR S, HOKTE, SF BT REESTIER
AN R L i R 52 M SR TTED). RS
TRAr S, 2024, 52(4): 26-37.

MA Ruicong, ZOU Shihao, CAO Yongji, et al. Sensitivity
analysis-based classification and identification method of
a synchronous condenser and its excitation system
parameter[J]. Power System Protection and Control, 2024,
52(4): 26-37.



s, %

FETModbk FEEE Y MMC-STATCOM S84 SR 7 -

- 187 -

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

TSAI S H, CHEN Y W. A novel fuzzy identification
method based on ant colony optimization algorithm[J].
IEEE Access, 2016, 4: 3747-3756.

RIRE, XEdh, FEE, & T IR W
I IF P AR SRR T R [0]. FB D RGO S 4%
i, 2023, 51(22): 99-107.

WU Zhenjun, LU Zhenkun, GUO Leilei, et al. Model
predictive control for a grid-connected inverter based on
inductance identification resistant to frequency deviation[J].
Power System Protection and Control, 2023, 51(22): 99-107.
X, who7, ZEN, & REHLEDI RS S H
PR ATEIEFI 2 IPAG 7], KBHBES4R, 2020, 41(12):
305-315.

LIU Mingyu, YAO Fang, LI Zhigang, et al. Power model
parameter identification and wind resource utilization
evaluation of wind turbine[J].
Sinica, 2020, 41(12): 305-315.
CHEN Yang, LU Zixing, YANG Zhenyu. Robust optimal
sensor placement for uncertain structures with interval
2018, 18(5):

Acta Energiae Solaris

parameters[J]. IEEE Sensors Journal,
2031-2041.

WANG Xiaoguang, HE Weiliang, ZHAO Linggong.
Novel interval parameter identification method using
augmented Fourier series-based polynomial surrogate
model[J]. IEEE Access, 2019, 7: 70862-70875.

WEI Shuheng, WU Zaijun, XU Junjun, et al. Multiarea
probabilistic forecasting-aided interval state estimation
for FDIA identification in power distribution networks[J].
IEEE Transactions on Industrial Informatics, 2024, 20(3):
4271-4282.

WM, F—, BRI, 5. BB RGTEURIFE L
WAL G S T SRS HUR G L], B RS R
B, 2024, 52(8): 45-54.

PAN Xueping, XU Yi, ZHAO Tianqi, et al. Joint
optimization of parameters of synchronous condenser
excitation and step-up transformer considering the stability
boundary of the power system[J]. Power System Protection
and Control, 2024, 52(8): 45-54.

fkads, ARIRIE, Ao, %5 & SVG Zhas ik
& AT C FEL O U AN SE PE TG DR RI T B T]. s BOR,
2023, 47(12): 5158-5170.

HE Songtao, SHAO Zhenguo, ZHENG Wendi, et al.
Bi-level uncertain reactive power planning of distribution
network considering SVG dynamic voltage regulation
strategy[J]. Power System Technology, 2023, 47(12):
5158-5170.

EIEHR, W, MESLE, S5 FE TS ENE K wEIR
LS HAE L HF IR [J/OL]. YR A4 1-14[2024-07-07].

[24]

[25]

[26]

[27]

(28]

http://kns.cnki.net/kcms/detail/12.1420.TM.20230505.15
12.004.html.

WANG Zhaodong, HU Xuan, MEI Lixue, et al. Parameter
identification of surface mounted permanent magnet
synchronous machines based on affine projection
algorithm[J/OL]. Journal of Power Supply: 1-14[2024-07-
07]. http://kns.cnki.net’/kems/detail/12.1420.TM.20230505.
1512.004.html.

BUTA, BB, b Oy LT B 57 rL B S A
TR [J]. B E 5 A Rk, 2016, 30(12):
1958-1966.

ZHU Shuncai, CAI Jinding. Application of improved affine
particle swarm optimization algorithm in parameter
estimation[J]. Journal of Electronic Measurement and
Instrumentation, 2016, 30(12): 1958-1966.

R, FETHHE L B ARG STATCOM 2 5
WERFFE[D]. 5MH: =EMIXZIE K2, 2019.

LIU Xing. Research on the control strategy for MMC
based STATCOM[D].
University, 2019.

FEAZ, JESEHE, BB, 4. JET o075 Bk L3
R XTIV FE[T]. BT B 3k &, 2024, 44(1): 40-48.
CHENG Shan, ZUO Xianwang, YANG Kun, et al. Interval
scheduling of active distribution network based on

Lanzhou: Lanzhou Jiaotong

improved affine arithmetic[J]. Electric Power Automation
Equipment, 2024, 44(1): 40-48.

JIN Yuqing, LU Chongjiang, JU Ping, et al. Probabilistic
preassessment method of parameter identification
accuracy with an application to identify the drive train
parameters of DFIG[J]. IEEE Transactions on Power
Systems, 2019, 35(3): 1769-1782.

FEAZ, WEMLTR, BEGR, &5 S RSNRERET R IR
W2 Hbr o ZRACTEEET]. B RG R 5%,
2022, 50(12): 63-71.

CHENG Shan, WANG Yeqiao, LIAO Wkilin, et al. Bi-level
multi-objective optimization of a new energy microgrid
with electric vehicles[J]. Power System Protection and

Control, 2022, 50(12): 63-71.

is HER: 2024-07-07;

&EIHER: 2024-08-31

EEE T

TR (1999, F, MEHRL, FHRH @ AHF R

Kb AR AR IFRSF; E-mail: 741515563@qq.com

2 H(1981—), B, @fshE, Hd, 2, FRs

w A A% MELEH S, E-mail: hpucquyzu@ctgu.

edu.cn

(¥ Rl &)



