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Fig.1 Schematic diagram of oscillation mode identification
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Table 1 Inter-area oscillation modes of
New England system

B FHIE AR WA/ Hz B2 EES 5P
1 -0.1058+j3.5940 0.5720 0.0286 G, 5HRHLA
2 -0.2135+j5.9929 09538 0.0356 Gs 9 Gy

3 -0.2056+j6.4635 1.0287 0.0318 G,.G; 9 G5.Gy
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Fig.3 Phase angle of Bus 1 after pre-processing
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Table 2 Results of modal parameter estimation based on single-channel signals

HLA (A H1E Wi / He A JE e/ %

B 50 ) B 1 B 2 B3 B B2 B3
Gi(p=18)  0.5712+0.0022 — 2.8726+0.4629 — —
C.(p=20)  0.5796+0.0035 — 1.0312+0.0038 3.6077+0.7349 — 3.4028+0.4008
Gy(p=20)  0.5762+0.0030 — 1.0165+0.0034 3.7420+0.5084 — 3.3332+0.3556
Gs(p=24)  0.5719+0.0022 0.9520+0.0048 2.2401+0.4756 4.5846+0.5998 —

Go(p=24)
Gy(p=100)
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3.0687+0.5112 4.3832+0.6747 —

0.5719+0.0092 0.9549+0.0124 1.0264+0.0166 2.9604+1.3002 3.8826x0.8525 3.4590+1.1277
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Table 3 Comparison of estimated modal
parameters between two methods
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BOARSONE g RO gt

1 0.5703+0.0022 0.5702+0.0021 2.8327+0.4180 2.9503+0.4967
2 0.9547+0.0035 0.9514+0.0032 3.4838+0.3879 3.5806+0.3666
3 1.0252+0.0038 1.0245+0.0041 3.2705+0.3694 3.3458+0.3364
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Table 4 Comparison of estimated modal shapes between two methods
Wik gy R Azo, AL L (0£0,)/ (°)
RS S L LA A3k PP
G, 0.650 0.642+0.014 0.646+0.015 178.12 178.72+£1.34 178.49+1.42
G, 0.513 0.507+0.007 0.512+0.008 5.36 5.19+£0.97 5.37+1.04
1 G 0.556 0.553+0.006 0.562+0.008 3.72 3.61+0.79 3.73+0.83
Gs 1.000 1.000 1.000 0 0 0
Gy 0.925 0.892+0.011 0.899+0.012 3.20 3.02+£0.95 3.47+0.92
Gy 0.010 0.012+0.006 0.012+0.005 135.77 149.07+35.59  153.05+36.39
G, 0.089 0.093+0.033 0.091+0.027 -112.06 -95.75+£2549 -90.75+30.37
2 G 0.077  0.079+j0.023 0.075+0.019 -125.07 -107.77£24.22 -113.22+25.34
Gs 0.956 0.957+0.070 0.963+0.063 167.81 168.08+3.32 168.18+3.19
Gy 1.000 1.000 1.000 0 0 0
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G, 1.000 1.000 1.000 0 0 0
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Gs 0.886 0.890+0.126 0.895+0.122 172.39 169.87+8.72 175.66+8.18
Gy 0.552 0.555+0.086 0.560+0.083 160.70 160.92+8.74 160.26+7.59
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Low-frequency oscillation mode identification based on wide-area

spatio-temporal stochastic responses

JIA Yong ,HE Zhengyou,LIAO Kai
(School of Electrical Engineering,Southwest Jiaotong University,Chengdu 610031, China)

Abstract: Since the multiple oscillation modes cannot be accurately identified only by the single-channel

signals and the associated modal shapes cannot be estimated either,a method of oscillation mode
identification based on wide-area spatio-temporal stochastic responses is proposed. The relationship between
VAR(Vector AutoRegressive) model of wide-area spatio-temporal stochastic responses and system oscillation
modes is discussed and the QR decomposition is applied to realize the least square estimation of VAR
model parameters. The parameters of oscillation modes are calculated and the dominant mode of system is
determined according to the power spectrum peak value of system stochastic responses. The proposed method

is tested by the Monte Carlo simulation for New England system and results show that,the wide-area spatio-
temporal stochastic responses can be used to estimate the modal parameters and modal shapes of multiple
dominant oscillation modes accurately;and the proposed method is simpler and more efficient than the
subspace identification method. The measured WECC system signals are applied to verify the flexibility of
the proposed method.

Key words: electric power systems; low-frequency oscillation; mode identification; stochastic response;
vector autoregressive model



