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Comprehensive assessment of power system dynamic stability based on

continuous wavelet transform
LIU Chunxiao',JIANG Tao’,LI Xue’,LI Peng',ZHANG Jianxin',LI Zhiyong', YANG Huanhuan'
(1. Power Dispatching and Control Center,China Southern Power Grid Co., Ltd., Guangzhou 510623, China;
2. School of Electrical Engineering,Northeast Electric Power University, Jilin 132012, China)

Abstract: A comprehensive assessment method of dominant oscillation modes, oscillation mode shapes, partici-
pation factors and coherent generator groups for power system is proposed based on CWT (Continuous
Wavelet Transform). Firstly, the time-frequency domain decomposition of multi-channel wide area measure-
ment information in power system is realized by using wavelet transform,and the wavelet coefficient matrix
corresponding to each measurement channel is obtained. For each wavelet coefficient matrix,the key wavelet
coefficient vectors strongly related to the dominant oscillation modes of system are identified by wavelet
power spectrum. Then,the oscillation frequency and damping ratio of dominant oscillation modes are assessed
based on the key wavelet coefficient vectors. On this basis,the system’s oscillation mode under each domi-
nant oscillation mode are assessed by means of the cross wavelet transform. Furthermore, according to the
obtained oscillation modes,the participation factor and coherent generator group of each measurement channel
are assessed, and then the comprehensive assessment of power system dynamic stability is realized based
on CWT. The proposed method is used to analyze the simulation data of 16-machine 68-bus test system
and the wide area measured data of an actual power grid,and the results verify the effectiveness and feasi-
bility of the proposed method.

Key words:wide area measurement information;continuous wavelet transform;dominant oscillation modes;os-

cillation mode shapes;participation factors;coherent generator groups;dynamic stability;electric power systems
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Power system transient stability assessment method based on XGBoost-EE

WU Chunming"*,REN Jihong®

(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education,Northeast Electric Power University,Jilin 132012, China;
2. School of Electrical Engineering,Northeast Electric Power University, Jilin 132012, China)
Abstract: Deep learning plays an increasingly important role in transient stability evaluation. However, the
increase of power system scale generally results in dimension disasters. In this case,an efficient and tractable
computation model is highly desirable. Currently,the construction of transient stability features generally relies
on the experience of power system operators, which is more or less subjective. However, the deep learning
approach is generally time-consuming and labor-intensive in aspects of design and training. Based on the
above two points,a transient stability assessment method of power system based on XGBoost-EE is deve-
loped by combining XGBoost (eXtreme Gradient Boosting) algorithm and EE (Entity Embedding) network.
Firstly,the path rules of the tree are extracted and the category features are generated by XGBoost algorithm.
In this way,the original features are dimensionally reduced. Then,the EE network is used to classify the new
features, which provides a fast and accurate assessment. The proposed method, hence, takes full advantage
of the fast processing speed of machine learning algorithms and the high accuracy of neural network evalua-
tion. Simulative results based on IEEE New England 10-machine 39-bus system and IEEE 50-machine 145-
bus system show that the proposed method exhibits higher prediction accuracy and better anti-noise perfor-
mance than other approaches. Additionally, the proposed method is not easy to become over-fit during the
training process.

Key words: XGBoost algorithm ; entity embedding;transient stability assessment;deep learning;big data
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Table A1 Direction cosine values between generators calculated by proposed method

TT AL
R
G Gs Gs Gs Ge G7 Gs Go Gio Gu G2 Gi3 G4 Gis Gie

G 1.0000 0.8590 -0.4448 -0.5000  -0.3876  -0.3884  -0.4464  -0.3676  -0.0529 0.2874 0.2990  -0.0371 0.6009 0.6869 0.7223
Gs 0.8590 1.0000 0.3113 0.2557 0.3658 03677  -0.7875 0.4041 -0.7802  -0.4725 0.8829 0.5991 0.8377 0.8276 0.8373
Gy -0.4448 0.3113 1.0000 0.9980 0.9953 0.9957  -0.5077 © 0.9329  -0.7522  -0.9557 0.7093 0.8531 0.3657 0.2449 0.1992
Gs -0.5000  0.2557 0.9980 1.0000 0.9900 0.9904  -0.4626 = 0.9305 -0.7256  -0.9427 0.6649 0.8302 0.3142 0.1914 0.1447
Ge -0.3876  0.3658 0.9953 0.9900 1.0000 1.0000  -0.5815 0.9546  -0.7854  -0.9444  0.7450 0.8991 0.4429 0.3256 0.2808
Gy -0.3884  0.3677 0.9957 0.9904 1.0000 1.0000 -0.5782 = 0.9548 @ -0.7883  -0.9466  0.7462 0.8972 0.4398 0.3223 0.2777
Gs -0.4464  -0.7875 -0.5077 -0.4626  -0.5815  -0.5782 1.0000  -0.6097 0.6958 0.4965 -0.8370  -0.8665  -0.9835  -0.9552  -0.9392
Go -0.3676  0.4041 0.9329 0.9305 0.9546 0.9548  -0.6097 1.0000  -0.8547  -0.8571 0.7145 0.9163 0.4705 0.3601 0.3220
Gio -0.0529  -0.7802 -0.7522 -0.7256  -0.7854  -0.7883 0.6958 -0.8547 -0.8996  -0.8369  -0.6329  -0.5522  -0.5374
Gn 0.2874  -0.4725 -0.9557 -0.9427  -0.9444  -0.9466  0.4965 -0.8571 -0.8120  -0.7927  -0.3886  -0.2746  -0.2379
G2 0.2990 0.8829 0.7093 0.6649 0.7450 0.7462  -0.8370  0.7145 -0.8996  -0.8120 1.0000 0.8468 0.8104 0.7467 0.7303
Gis -0.0371 0.5991 0.8531 0.8302 0.8991 0.8972  -0.8665 0.9163 -0.8369  -0.7927 0.8468 1.0000 0.7670 0.6818 0.6467
Gig 0.6009 0.8377 0.3657 0.3142 0.4429 0.4398  -0.9835 0.4705 -0.6329  -0.3886  0.8104 0.7670

Gis 0.6869 0.8276 0.2449 0.1914 0.3256 0.3223 -0.9552  0.3601 -0.5522  -0.2746  0.7467 0.6818

Gis 0.7223 0.8373 0.1992 0.1447 0.2808 02777  -0.9392  0.3220  -0.5374  -0.2379  0.7303 0.6467
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Table A2 Direction cosine values between generators calculated by EA method

TR G%
KL
G Gs Gy Gs Ge G7 Gs Go Gio Gn G2 Gz Gus Gis Gis

Gy 1.0000 0.9879 -0.9479  -0.9621 -0.8902  -0.8905  -0.4583 0.1890 -0.6336  -0.8463 0.4258 -0.2098  -0.2906  -0.3103 -0.3212
Gs 0.9879 1.0000 -0.8885  -0.9092  -0.8100  -0.8105  -0.5905 0.3381 -0.7459  -0.7592 0.5594 -0.0597  -0.1390  -0.1593 -0.1706
Gy -0.9479  -0.8885 1.0000 0.9988 0.9887 0.9889 0.1630 0.1304 0.3611 0.9403 -0.1375 0.4767 0.5663 0.5848 0.5957
Gs -0.9621 -0.9092 0.9988 1.0000 0.9806 0.9808 0.2065 0.0842 0.4031 0.9352 -0.1790 0.4436 0.5309 0.5496 0.5604
Gs -0.8902  -0.8100 0.9887 0.9806 1.0000 1.0000 0.0140 0.2774 0.2174 0.9583 0.0095 0.5946 0.6812 0.6980 0.7081
Gy -0.8905  -0.8105 0.9889 0.9808 1.0000 1.0000 0.0151 0.2765 0.2184 0.9578 0.0083 0.5933 0.6802 0.6971 0.7072
Gs -0.4583  -0.5905 0.1630 0.2065 0.0140 0.0151 - -0.9504 - -0.0596  -0.9935  -0.7577  -0.7172  -0.7027  -0.6942
Gy 0.1890 0.3381 0.1304 0.0842 0.2774 0.2765 -0.9504 1.0000 -0.8761 0.3050 0.9403 _
Gio -0.6336  -0.7459 0.3611 0.4031 0.2174 0.2184 - -0.8761 - 0.1540 -0.9603  -0.6027  -0.5545  -0.5380  -0.5288
Gn -0.8463  -0.7592 0.9403 0.9352 0.9583 0.9578 -0.0596 0.3050 0.1540 1.0000 0.1078 0.6910 0.7302 0.7407 0.7446
Giz 0.4258 0.5594 -0.1375  -0.1790 0.0095 0.0083 -0.9935 0.9403 -0.9603 0.1078 0.7856 0.7367 0.7215 0.7118
Gis -0.2098  -0.0597 0.4767 0.4436 0.5946 0.5933 -0.7577 -0.6027 0.6910

Gis -0.2906  -0.1390 0.5663 0.5309 0.6812 0.6802 -0.7172 -0.5545 0.7302

Gis -0.3103  -0.1593 0.5848 0.5496 0.6980 0.6971 -0.7027 -0.5380 0.7407

Gig -0.3212 -0.1706 0.5957 0.5604 0.7081 0.7072 -0.6942 -0.5288 0.7446
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Fig.A4 Estimated oscillation frequency and damping ratio of Yunguang and Yungui oscillation modes
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Fig.A5 Oscillation modality of Yunguang oscillation mode
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Fig.A6 Oscillation modality of Yungui oscillation mode
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Fig.A7 Estimated results of participation factor based on measured data

F A3 [03:17:00, 03:18:00]FFEAIASC IR A AT EREE N ABNAERZE

Table A3 Direction cosine values between nodes calculated by
proposed method in period [03:17:00,03:18:00]

J5 I 4% 5%
FR, FR» TS TS: LP LD
FR; 1.0000 -0.7954 0.8517 0.7656 0.5449 -0.2703
FR> -0.7954 1.0000 -0.9951 -0.9989 -0.9416 0.7985
TS 0.8517 -0.9951 1.0000 0.9892 0.9035 -0.7348
TS, 0.7656 -0.9989 0.9892 1.0000 0.9566 -0.8263
LP 0.5449 -0.9416 0.9035 0.9566 1.0000 -0.9546

LD -0.2703 0.7985 -0.7348 -0.8263 -0.9546 -

& A4 [03:18:00, 03:19:00]FERAIAR RS ERSET RIBM G ERZE
Table A4 Direction cosine values between nodes calculated by
proposed method in period [03:18:00,03:19:00]

T7 T AR
T
FRy FR2 TS TS, LpP LD

FR, 1.0000 -0.7502 0.9717 0.9358 0.8624 -0.9133
FR» -0.7502 1.0000 -0.5729 -0.9351 -0.9817 0.4157
TS 0.9717 -0.5729 1.0000 0.8262 0.8185 -0.9836
TS, 0.9358 -0.9351 0.8262 1.0000 0.9855 -0.7111
LpP 0.8624 -0.9817 0.8185 0.9855 1.0000 -0.5814

LD -0.9133 0.4157 -0.9836 -0.7111 -0.5814 -



http://dict.youdao.com/w/modality/

A5 [03:19:00, 03:20:00]FFER AR FIHRTS EFRS & T RIB G ERZE
Table A5 Direction cosine values between nodes calculated by
proposed method in period [03:19:00,03:20:00]

Jr I AR %

FR: FR> TS: TS, LpP LD

-0.5250

FR» 0.3451 0.2103 0.2867 -0.9795
TS 0.3451 -0.5269
TS 0.2103 -0.4027
LP 0.2867 -0.4736
LD -0.5250 -0.9795 -0.5269 -0.4027 -0.4736

A6 [003:20:00, 3:21:00]FERAIARI TR ARG & T R ERZE
Table A6 Direction cosine values between nodes calculated by
proposed method in period [003:20:00,3:21:00]

J7 AR 5%

FR; FR> TS TS, LP LD

-0.9905

FR» -0.5854 -0.3039 -0.2584 0.7426
TS -0.5854 -0.9777
TS -0.3039 -0.8637
LP -0.2584 -0.8388
LD -0.9905 0.7426 -0.9777 -0.8637 -0.8388
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