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Coherency clustering method based on Prony analysis feature extraction
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Abstract: Coherent cluster identification plays an important role in the dynamic equivalent and active splitting control of
power systems. This paper presents a coherency clustering method based on Prony analysis feature extraction. First, given the
disadvantage of Prony analysis which is seriously disturbed by noise, the method of Ensemble Empirical Mode
Decomposition (EEMD) is used to reduce the noise of the signal. Then, Prony analysis is performed on the angle signal to
extract feature values such as amplitude, frequency, and damping to form the feature vector of each generator. Then the
feature matrix formed by all the generator feature vectors in the system are input to a self-organizing neural network to realize
coherency clustering. Taking the EPRI-36 bus system and North China grid as case studies, it is verified that this method can
effectively eliminate the impact of noise on Prony analysis, fully extract the feature of the power angle signal, and accurately
identify the coherency generator group.
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EPRI-36 bus system
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Fig. 2 Power angle curve after adding Gaussian noise
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Table 2 Signal-to-noise ratio under different noises
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Table 3 Prony analysis results of curves in three cases
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Table 4 Clustering results of coherent generators
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Table 7 Comparison of feature values by Prony analysis
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Fig. 4 Comparison of power angle incremental curve
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Table 8 Study objects
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0 50

curve after fault

HI&T 5 AT, A sbRgs RGeS, A
L X85 By T DI [H] 326 H S A5 D)
PI DX I I D 2P 4 T, S0 9 - LA I
NIRRT . SRR k=6 I, 133 EfE)
REGTR, W3R 9 Prom. & [R) AL AR 2 A 8 45
W 6 .

F 9 LABMHEAN LR
Table 9 Clustering results of North China grid generators

SRS aRs e
| HBX, HDC, HAS, HXB, TBI, TDG, TGJ, TIC, TLR, TNJ
TPS, TWR, BSH, BTR, BXG, BXS, BZC
5 HCD, HCZ, HDJ, HHD, HHS, HLS, HMT, HQR, HXT,
TIR, TJS, BCR, BGE
SAP, SCY, SDN, SDR, SFZ, SFL, SGY, SGY, SHG, SHG,
3 SHZ, STY, SLC, SSQ, STM, SWP, SWX, SXN,
SYG, SZQ, BLD
4 LLW, LLY, LRZ, LIN, LHZ, LLZ
5 BYD,LLB, LTA, LLC, LLR
6 LDH, LHD, LQD, LWFE, LYD

XT3 9 A BEEE Mot — 2 8. HEHESE K-
TRt K4 R R 2R 0 6 i i e bR L i
WO, #FES By T H X HL 52 B8 K50 .
T3 9 M REE S, By T H =AM 141 8%
R 2 B, WK 6(a). (b)TTHIEE 1. 2 BENLLL
TR A A2k, w75 By T H HX AR 2
T4 RS I I L4 R — 5

SARE 3 S XA HLAL 5 g — AL R AL,
RIS M. B 6(c)hrTLLEH, S X
MU RN S M i LA T A, Rtkn]
AT o A & SR

AT KI5 00 K1 s 2R i 1) 52 v 82 21
ORI TOL uf, ikl E, S L XihR
AP, HIVECRIRED . AL R, L XL
MR I = AN FRANUEE. Rk 4h, B X

) 5/
BYD # I NFIE 4 B,
100 100
£ 50 m £ 50 T
= £ of
50 50
0 200 400 0 200 400
11 [1]/ms I [h]/ms
(a) HLEE (b) #24F
100 100
T 50 50 i
= = 0 —
50 50
0 200 400 0 200 400
1 []/ms 1 [it]/ms
(c) 34 (d) 44
100 100 - i
— "r\n
: 50 o S0 "}.’\. S
& e = RSP e S
= 0 —/‘\ %‘a’"“-’—" = 0 \/\“" = ]
50 50
0 200 400 0 200 400
[ [Al/ms 11 [i] fms
(&) F5i (f) S6if

6 ZEIEHLEFRITH AL S fhik

Fig. 6 Power angle increment curve of each coherency group

X L DXk LA SR bn ) i 26 3E T %2, M
Kl 6(d). Bl 6(e)s Bl 6D il G, &HEhIhMiy
AR —F, BAh, BYD #RIFIZE 4 B,
BYD FEITERAE KI-E5F 0 K1 ik, 52 i 520
R, WIS 5 57 iy L I AL 55 A — S0 (R
P, R BYD 555 4 BECGEEE T K1-835F
5K ZumWLAL s g — RS A HE

Tl H P G BEAT 0B, IS 2 e
P i, % H DX PR R F LA AR A [
H R R0 5548 W RIS M AN ], s XN 1R
FMLZ A AN TR 2 A o e BeSERR 549, 56
UE T e ik Rk, RIS AR SO VAR S bR
RGP B TR N

4 it

T IRAT [  2 4F v D A 1 R e B2 A X 1)
), ASCHR M EET Prony 0 ATREHE SRR K [F]
PN > BE 7. LL EPRI-36 15 5 R G AL HL
SRR RGN BT T, S LIRS e

1) %) Prony 73 Hr AW 75 52 M BUB I RE I, SR
F EEMD 43 it FLAH OC R A% PMU s:300 2h A £ s
HEATRAME, A R0E T Prony 40 AT 52 Me 5 4™ B
1) 7]

2) X R HIMLI B A th £ 13847 53 Bt Prony 7347,
AEA I T A h 2R AE I 0] e 24 3 AR .
FRULSTEIREH S, v K3 Ty A I A v A R
W 2R e, 7805 I WML 3= 37 1) A2 Ak a3



-98 -

@A &R B R

12U [ U 23 B 45 R TR o
Sk

[1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

CHAO Ren, YAN Xu, ZHANG Yuchen. Post-disturbance
transient stability assessment of power systems towards
optimal accuracy-speed tradeoff[J]. Protection and Control
of Modern Power Systems, 2018, 3(2): 194-203. DOI:
10.1186/s41601-018-0091-3.

PODMORE R. Identification of coherent generators for
dynamic equivalent[J].
Apparatus Systems, 1978, 97(7): 1344-1354.

BRI, TR, AR5, A5 ODIR I S VG R L A AR
SERFTE BT[] WO R G RY B 1], 2018, 46(7):
76-82.

CHEN Gang, DING Lijie, LI Min, et al. Stability

characteristics of southwest China power grid after

IEEE Transactions on Power

asynchronous interconnection[J]. Power System Protection
and Control, 2018, 46(7): 76-82.

Wtn, R, BEEME. ZPPULR O] B
R4 A BNk, 2000, 24(1): 13-16.

DAI Chensong, XUE Feng, XUE Yusheng. Classification
of disturbed trajectories[J]. Automation of Electric Power
Systems, 2000, 24(1): 13-16.

JONSSON M, BEGOVIC M, DAALDER J. A new
method suitable for real-time generator coherency
determination[J]. IEEE Transactions on Power Systems,
2004, 19(3): 1473-1482.

Tiaag, vevl, A, 5. —FhEE T AR b g vt
(K 15 PON 5L D] ARG A Bk, 2010, 34(20):
7-12.

NI Jingmin, SHEN Chen, TAN Wei, et al. A coherence
identifying method based on linearization at non-equilibrium
point[J]. Automation of Electric Power Systems, 2010,
34(20): 7-12.

TR, SRHEET, )IRHE, S5 BT AR BRI HL
BEFEL IR A 5 [T]. PIEIR, 2014, 38(8): 2082-2086.
FENG Kangheng, ZHANG Yanxia, LIU Zhixiong, et al.
A wide area information based online recognition of
coherent generators in power system[J]. Power System
Technology, 2014, 38(8): 2082-2086.

Sabhg, AR, ARl A RTINS R
T3k B A TR YR LA 70 B P R[], R A,
2007, 31(22): 21-25.

SHI Kunpeng, MU Gang, LI Ting, et al. Empirical mode
decomposition based clustering-tree method and its
application in coherency identification of generating sets[J].
Power System Technology, 2014, 31(22): 21-25.

JIANG Tao, JIA Hongjie, YUAN Haoyu. Projection pursuit:

[10]

(11]

[12]

[13]

a general methodology of wide-area coherency detection
in bulk power grid[J]. IEEE Transactions on Power
Systems, 2016, 31(4): 2776-2786.

LV, SR, FEPK, S BT IR BAH G E
) HL T R GE R R R R[], B LR 2A4), 2017, 32(1):
1-11.

JIANG Tao, JIA Hongjie, LI Guoqing, et al. Cross-
correlation coefficient-based coherency identification in
bulk power system using wide-area measurements[J].
Transactions of China Electrotechnical Society, 2017,
32(1): 1-11.

VAHIDNIA A, LEDWICH G. Generator coherency and
area detection in large power systems[J]. IET Generation,
Transmission, and Distribution, 2012, 6(9): 874-883.
R, R, Motss, 45 T WAMS HISitf
W P TR SRS (1 () SR LR AR 2 U], AL BOR,
2013, 37(8): 2157-2164.

SONG Honglei, WU Junyong, HAO Liangliang, et al.
On-line identification of coherent generator based on
WAMS and improved Laplacian Eigenmap algorithm[J].
Power System Technology, 2013, 37(8): 2157-2164.
T, BN, I, BT B ik B R4
FEANUEERMIT]. BRER, 2009, 33(3): 25-28.

AN Jun, MU Gang, XU Weibin. Recognition of power
system coherent generators based on principal component
analysis[J]. Power System Technology, 2009, 33(3):
25-28.

[14] AVDAKOVIC S, BECIROVIC E, NUHANOVIC A, et al.

[15]

[16]

[17]

[18]

Generator coherency using the wavelet phase difference
approach[J]. IEEE Transactions on Power Systems, 2014,
29(1): 271-278.

Kt REH, FLEH. AET2 R EIR R A KA
R R LR IRR U], B A b4,
2013, 33(8): 70-76.

SONG Honglei, WU Junyong, JI Luyu. Online identification
of coherent generators based on slow coherency theory
and Hilbert-Huang transform[J]. Electric Power Automation
Equipment, 2013, 33(8): 70-76.

RIEA, Brdsd, Bulkis, 5. Je T8 00 1R
MU A VE[T]. LR EE4KR, 2018, 33(3): 591-600.
ZHU Qiaomu, CHEN Jinfu, DUAN Xianzhong, et al. A
coherent generators identification method based on
singular value decomposition[J]. Transactions of China
Electrotechnical Society, 2018, 33(2): 591-600.

Tk WA, BANE S AR EEIM]. dbat: VE AR R A
2002.

TRAEAR, BREZ D, 3T CEEMD-WPT F Prony 5311
W E S EHR]. B RGRY 556, 2018,



T Prony 43 HTAFAE TR A [F] R HLEH 20 48 7 1k

- 99 -

[19]

[20]

[21]

[22]

[23]

[24]

46(12): 115-121.

ZHANG Yulin, CHEN Hongwei. Parameter identification
of harmonics and inter-harmonics based on CEEMD-WPT
and Prony algorithm[J]. Power System Protection and
Control, 2018, 46(12): 115-121.

g, RS, BIAIR, 4. FET 00 Prony HVLH
N ARGARMHR G B P[], R, 2009, 33(5):
44-47, 53.

ZHU Wei, TANG Yingjie, ZHOU Youqing, et al.
Identification of power system low frequency oscillation
mode based on improved Prony algorithm[J]. Power System
Technology, 2009, 33(5): 44-47, 53.

W, BEae o, 2, & BT DWW shi%GE Prony
FOE W) RGARAR G R AT, T RE AL,
2010, 34(22): 24-28.

DING Lan, XUE Ancheng, LI Jin, et al. A moving window
Prony algorithm for power system low frequency oscillation
identification[J]. Automation of Electric Power Systems,
2010, 34(22): 24-28.

DA, RAEK, AT, & R TR BN E )
RGP IRGIROTEET]. W RG R SR,
2019, 47(2): 1-8.

TANG Jihong, ZHU Junfei, LI Yong, et al. VMD based
mode identification for broad-band oscillation in power
system[J]. Power System Protection and Control, 2019,
47(2): 1-8.

BT, BN, BB, 5. SR T ARSI A R
LM IEAD]. RS A B, 2005, 29(12): 53-56.
QIAN Yong, HUANG Chengjun, CHEN Chen, et al.
De-noising of partial discharge based on empirical mode
de-composition[J]. Automation of Electric Power Systems,
2005, 29(12): 53-56.

THEGES, RYERL, MM, 4% JET EEMD FEREA FFT

[ T iR S A3 HT 0] WS SR shis i, 2018, 38(4):

165-168.

MA Zhuanxia, FEI Weike, ZHOU Xintao, et al. Rotor
fault vibration analysis based on EEMD noise reduction
and FFT[J]. Noise and Vibration Control, 2018, 38(4):
165-168.

WAk, £ Jz. CEEMD-FFT {58 2l ik i2 Wi vh
BN HII]. MR AE2E4R, 2015, 36(1): 75-78.

LU Senlin, WANG Long. Application of CEEMD-FFT in
fault diagnosis of rolling bearing[J]. Journal of Zhengzhou
University, 2015, 36(1): 75-78.

[25]

[26]

[27]

(28]

[29]

[30]

GERMOND A J, PODMORE R. Dynamic aggregation of
generating unit models[J]. IEEE Transactions on Power
Apparatus and Systems, 1978, PSA-97(4): 1060-1069.
L, XA, ABYLUE. JET Prony AL RS
B o )], m IR, 2006, 32(6): 97-100.
DONG Hang, LIU Dichen, ZOU lJiangfeng. Analysis of
power system low frequency oscillation based on Prony
algorithm[J]. High Voltage Engineering, 2006, 32(6):
97-100.

SR, RIRH, ZEDUR. RN FR LB A 32
I EALRED]. o E AL TR SR, 2008, 28(25):
80-85.

WEN Jun, LIU Tianqi, LI Xingyuan. On-line identification
of coherent generator using optimized LS-SVM[J].
Proceedings of the CSEE, 2008, 28(25): 80-85.

Mk, TV, B, A5 AN RE R AR A Y
B H 02 W 25 R AL 23 TE7 R [0]. il 5 AU,
2017, 54(14): 7-13.

YANG Yue, WANG Tao, GU Xueping, et al. Coherency
identification method using growth-oriented self-organizing
neural networks and wavelet energy feature[J]. Electrical
Measurement & Instrumentation, 2017, 54(14): 7-13.
K. R R B BT BE PP TT VAR AL [D). fRE:
el r 3K, 2007.

LIU Juan. Confidence level assessment method research
for synchronous generator simulation[D]. Baoding: North
China Electric Power University, 2007.

MRk, BRAR, X%, 45 HT50EL Prony 40T IR
M BE i FIE, CN 2018106170269[P]. 2018-08-15.
CHEN Yanbo, CHEN Dong, LIU Jiangin, et al. Coherency
clustering method based on Prony analysis feature
extraction: China, CN 2018106170269[P]. 2018-08-15.

Yris HER: 2019-12-26;

{&El HHF: 2020-03-31

EEEIT:

it oy

FH#1985—), F, BRI, HLFTahHEL
W RGN A%l AoATHE K, E-mail: ligaowang@

chinasperi.sgce.com.cn

VRS

k01994, F, MEHARA, TEHRFTEOAR
GG AT
& K (1991—), B, TEF, TEHESEH AAH

w5 ) &G AT,

(%% #vm)



	DOI: 10.19783/j.cnki.pspc.191607 
	基于Prony分析特征提取的同调机组分群方法 
	Coherency clustering method based on Prony analysis feature extraction 
	CHEN Yanbo, CHEN Dong, LIU Jianqin, et al. Coherency clustering method based on Prony analysis feature extraction: China, CN 2018106170269[P]. 2018-08-15. 
	李  达(1991—)，男，工程师，主要研究方向为直流输电与电力系统仿真分析。 



