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Table 1 Frequency and damp ratio of inter-area
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Table 2 Identification results of frequency and damping
ratio by STD algorithm without noise
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Fig.4 Active power oscillation curves of tie lines
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Table 4 Identification results of improved STD algorithm

based on PMU measured data

Bk AR/ Hz B2 Eb/ %
et STD 0.327 6 4.06
TLS-ESPRIT 0.323 6 4.37
ITD 0.323 5 5.36

5 #ig

AT R HL 1 R GRG0 FRAE 4 AT 5 ) AR R 1T
BT Tt | 5 At SRR S R T A TR
ek STD VLR RE BRI IR 35 09 A k5 Bl it
THESIRGRIE S0 BT, 16 HLHLAL R G i Bl 50
FHARE STD YARE M R 40 A P95 Bl v e B
PRI TR ABEE L, Fe BLR FH STD 71
PrRgE B i % I 5 TLS-ESPRIT 45.%:  LPF-ITD
BPIEAT T R, NGE SR T LU Y Bt STD 32T A
— A O AT 2 BT A X 38k 0] 415 2 4 X A A1 23
JE L, T ARCR RIS B L TLS-ESPRIT 5.3k, H
FEE B & e A s OO R, Blodk STD BeAf e TLS-
ESPRIT Bk BoA Bk Hr g tEge, [HAS, Mtk STD
AT RS 5 A T I 8 Ik A 3, A L LPF-
ITD Bk A A LB AE LN . o, i s
PMU it st STD vE#EAT T 52 PR SIE , 25 R 3%
W AR PR AR SR S AT A 7

P S LA B 25 3% (hitp : // www.epae.cn) .



& 3 1 3,4 TG STD B0 RGEITIR SR ®
B 2T - [12] Hefids, W51 BRTR 5. JET Prony HHEI P49 51 B (0 1 245

[ 1] KUNDER P. Power system stability and control[ M]. New York,
USA : McGraw-Hill,, 1994 .470-493.

[ 2] Wik, ZEmEt Ve, %, 2T NEXT-ERA 4 SSI-DATA BT

T RBR 5 BRI O ik e [T ] O A kit &, 2016, 36
(1) :89-96.
GAO Jie,LI Qunzhan, WANG Jia, et al. Comparisom of low-frequency
oscillation identification between NExT-ERA and SSI-DATA ambient
excitation methods[ J]. Electric Power Automation Equipment,2016,
36(1) :89-96.

(3 UL, i, XS, ST e /N B AR 2 e Al RCRSV-MP 57

BRI RGAIIR GRS HER[T]. )7 A ki 44,2017,
37(8) :166-172.
LIU Siyi,JIN Tao,LIU Dui. Power system low-frequency oscillation
mode identification base on improved wavelet threshold de-noising
and RCRSV-MP algorithm[ J]. Electric Power Automation Equip-
ment,2017,37(8) :166-172.

[ 4] W Emeal, 2RI, & IMUBIXL I L ) R G0/ SRR E T
FER[)]. ARG ST, 2014,42(3) :15-23.

TAN Jin, WANG Xiaoru, LI Longyuan. A survey on small signal sta-
bility analysis of power systems with wind power integration[ J].
Power System Protection and Control,2014,42(3) :15-23.

[ 5] HAUER J F,DEMEURE C J,SCHARF L L. Initial results in Prony
analysis of power response signal [ J ]. IEEE Trans on Power Sys-
tems, 1990,5( 1) :80-89.

[ 6 ] HAUER ] F. Application of Prony analysis to the determination of

[—

modal content and equivalent models for measured power system re-
sponse[ J]. IEEE Trans on Power Systems,1991,6(3) :1062-1068.

[ 7] JUN W. Feature extraction of localized scattering centers using the
modified TLS-Prony algorithm and its applications[ J]. Journal of
Systems Engineering and Electronics,2002,13(3) :31-39.

[ 8 ] WIES R W,PIERRE J W, TRUDNOWSKI D J. Use of ARMA block
processing for estimating stationary low-frequency electromechanical
modes of power systems| J]. IEEE Trans on Power Systems, 2003,
18(1) :167-173.

[ 9] Bk, 1R, T, 4. TLS-ESPRIT SLILAEARIIR 5 43 47t (¥ 1]

RILT]. 1 R4 A 3h1k,2007,31(20) :84-88.

ZHANG Jing, XU Zheng, WANG Feng, et al. TLS-ESPRIT based

method for low frequency oscillation analysis in power system[ ] ].

Automation of Electric Power Systems,2007,31(20) :84-88.

ZHANG Peng, WANG Xiaoru, WANG Xiangchao, et al. Synchronized

measurement based estimation of inter-area electromechanical modes

[10

[l

using the Ibrahim time domain method [ J]. Electric Power Systems
Research,2014,111.:85-95.

[11] k%, BARAE S AL H [ M]. db5T. 3 K 2% | 4t 2002,
349-390.

ARG RHE T T]. HLJT B 3k #,2018,38(10) :178-183.
ZHANG Junfeng, YANG Ting, CHEN Min, et al. Power system low-
frequency oscillation characteristic analysisbased on Prony moving
average window algorithm [ J]. Electric Power Automation Equip-
ment,2018,38(10) :178-183.

[13] SAMIR R I. An approach for reducing computational requirements in
modal identification[ J]. AIAA Journal ,1986,24(10) ;:1725-1727.

[14] FhscHn, MHZE BRaan. Tk M. JEat: 7 Tolk iR
#1,2007 . 63-65.

[15] #55 ARE SVC T BAH B # fLJE I SBR[ 1] B T

HAR 4% ,2006,21(12) :40-46.

CHANG Yong, XU Zheng. SVC supplementary controller based on

wide area signals to enhance damping of inter-area oscillation[ J].

Transactions of China Electrotechnical Society,2006,21(12) :40-46.

TIREE, 2. S IXH 190 355 EL I X B AR e L e A g A5 R e

RYREIALT]. P E LT R 2#4], 2005, 25 (1) :6-11.

YU Yixin, LI Peng. The impact of weak internection of bulk power

[16

[

erids to damping and dynamic stability of power systems[ J]. Pro-
ceedings of the CSEE,2005,25(11) :6-11.

(177 S50, o o] B4 BT Fh I i o AL R b 56 AR I H I el vk
HrlJ]. AR ,2004,28(8) :6-9.
CAI Yang. Power system operation control shoud be in step with its
expansion[ J ]. Power System Technology,2004,28(8) :6-9.

EERA:
(1990 —), B, HH asA, M

L ERR T AR RAEA TS H

5 % ) ( E-mail : romo_han@163.com) ;

- MEFAE(1984—), B, w )l RAA, &
BIRT W, TR T AR HE

l LAARKE RN 5 H 5 42 % (E-mail,

yfteng2011@163.com) ;

i AI(1992—), B, A A AL ERRF A
A J] R RAE MM A FH R A AR A (E-mail ; jianx2018@
gmail.com) ;

EB3R(1962—) , %, m@ ) RARA BRI LA AT
I B E R T AR RABERSNS
12 4] ( E-mail : xrwang@home.swjtu.edu.cn) ;

X R(1988—),F , i X LA, Z2HTFT S
HEF M A% YA A %6455 (E-mail; cylg717@163.

com) ,

|

Identification of low-frequency oscillation in power system
based on improved STD algorithm
HAN Run',TENG Yufei’,XIE Jian', WANG Xiaoru' ,CHE Yulong'
(1. School of Electrical Engineering,Southwest Jiaotong University , Chengdu 610031, China;

2. State Grid Sichuan Electric Power Research Institute , Chengdu 610072, China)
Abstract ; The basic theory of STD ( Spare Time Domain) algorithm is introduced, and the algorithm is improved,
based on which,the concrete implementation steps of parameter identification for low-frequency oscillation are given.
The validity and practicality of the improved STD algorithm are verified by the time domain simulation data of a
16-generator system and the PMU ( Phase Measurement Unit) data of a practical power grid. The comparison of
identification results among the improved STD algorithm,the TLS-ESPRIT ( Total Least Square-Estimation of Signal
Parameters via Rotation Invariance Techniques) and ITD (Ibrahim Time Domain) algorithm shows that the improved
STD algorithm performs well in the aspects of accuracy and anti-noise performance,and it can realize accurate iden-
tification without low-pass filtering of the input signal compared with the multi-channel ITD algorithm with low-pass filter.
Key words :improved STD algorithm ;free response ;low-frequency oscillation identification ; anti-noise
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Fig.Al Structure of IEEE 16-generator system
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Fig.A2 Distribution of eigenvectors corresponding to angular velocity of generators



1.003

1.0025 [ *

1.002 b

0.9995

0.999

0.9985

0.998 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

5 1] (s)

K A3 IEEE 16 HLERZFH 16 8L Bl ARE IR ZHZ

Fig.A3 Angular velocity oscillation curves of 16 generators in IEEE 16-generator system
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Table Al Statistical results of frequency identification by STD method under different values of SNR

ZH SNR i1 it 2 i3 3 iz 4
FLIHAH/Hz 0.3492 0.4760 0.6137 0.7232
40 0.3495 0.4762 0.6072 0.7242

FHE/MHz 30 0.3494 0.4762 0.6075 0.7242
20 0.3493 0.4761 0.6073 0.7243

40 0.0003 0.0002 0.0065 0.0010

w7 /Mz 30 0.0002 0.0002 0.0062 0.0010
20 0.0001 0.0001 0.0064 0.0011

40  3.53X10° 2.0X10°  7.60X10°  4.78X10°
FrifE 2 /Hz 30 0.0001 0.0001 0.0003 0.0002

20 0.0003 0.0002 0.0008 0.0005




2 A2 AFIMEMR LR sudk sTo SR BB LL R ST 45 R
Table A2 Statistical results of damping ratio identification by improved STD method under different values of SNR
SH SNR it 1 iz 2 i 3 iz 4

FLIHAE/% 9.25 1.32 10.10 3.92
40 9.27 1.34 10.26 3.91
SPAME /% 30 9.24 1.34 10.27 3.92
20 9.28 1.36 10.32 3.93
40 0.02 0.02 0.16 0.01
PRZE/% 30 0.01 0.02 0.17 0.00
20 0.03 0.04 0.22 0.01

40 0.0093 0.0037 0.0143 0.0074

FRHE 2 /% 30 0.0314 0.0118 0.0453 0.0237

20 0.1007 0.0377 0.1203 0.0689
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