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Fig.1 Common types of abnormal disturbances in

traction power supply system
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Fig.2 Framework of abnormal disturbance identification
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Fig.3 Flowchart of identification method of abnormal
disturbance for traction power supply system
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Abstract: The transient / steady-state overvoltage and overcurrent generated by abnormal electrical distur-
bances in the traction power supply system have the characteristics of similar features,large frequency sepa-
ration range,and difficulty in capturing. These characteristics make it difficult to determine the type of dis-
turbance events and identify the key modes and parameters of the disturbance. Therefore,a feature extrac-
tion algorithm based on singular spectrum analysis and Hilbert transform is proposed, which realizes the
online rapid identification of different abnormal disturbance types. Then the total least squares-estimation of
signal parameters via rotational invariance techniques (TLS-ESPRIT) algorithm is improved to accurately
evaluate the disturbance modal parameters. According to the characteristics of each disturbance and the
key modal parameters of the disturbance,the evaluation index of disturbance severity is defined. The above
algorithms are used to identify the simulated data and the measured data. The results show that the pro-
posed algorithms can effectively and quickly identify the type of abnormal disturbance in traction power
supply system and further evaluate its severity.
Key words: traction power supply system; abnormal disturbance identification; singular spectrum analysis;

Hilbert transform; TLS-ESPRIT algorithm ;severity evaluation
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Table A3 Confusion matrix

PAVLES

HI H2 H3 H4 H5 H6 H7 H8

Febr

H1 100 0 0 0 0 0 0 0
H2 0 98 0 2 0 0 0 0
H3 0 0 100 O 0 0 0 0
H4 5 0 0 95 0 0 0 0
H5 3 0 0 0 97 0 0 0

H6 0 0 0 0 0 98 2 0
H7 2 0 0 0 0 0 98 0
H8 0 0 0 2 0 0 0 98

A4 SRS E SIS P

Table A4 Ratings of evaluation indicators for abnormal disturbance signals

A 1% -a, tis o,/ (°) f 1% s

<2 <0 <4 0~15 <50 1
2~5 0~0.3 4~12 15~25 50~65 2
5~10 0.3~0.6 12~16 25~45 65~80 3

10~15 0.6-0.9 16~20 45~90 80~95
>15 >0.9 >20 90~180 >95 5

A5 PG IIIR  F b B PS5 A

Table A5 Judgment matrix and weight for evaluating low-frequency oscillation

A % i Oy PR w

A 1 5 6
@, 15 1 2 1/5 00939
1

2 0.4957
t, e 12 1/6  0.0607
o, 172 5 6 1 0.3497

A6 A HAR LS A8 bR W -5 A

Table A6 Judgment matrix and weight for evaluating other disturbances
A - tr fd *Xi Wi
A 1 5 6 2 05409
3

o, U5 1 14 0.2298

t U6 U3 1 U5 0153

ff, 12 4 5 1 00758
AT EH 1 PR R PR R

Table A7 Identification results of each data window in Case 1

Wiedi/s A% a,  AUs o,/ (° ) CEREE

8~10 3 011 19 14 ©e
146~148 34 012 50 14 B E
432~434 4 024 215 36 BoRE
460~462 58  -0.08 234 50 TR

426~428 16 -0.17 211 82 i 7 EEL
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Table A8  Evaluation results of each data window in Case 2
BiEE A% a, trs  f 1%  FEEAE
13~135s 1.6 221 15 100 A

21~21.5s 1 3814 93 100 RfmE
145~15s 6.2 1455 3 100 #
15.5~16s  14.9 -1 4 100 wSEE
17.5~18 239 -1.288 6 100 AR
A9 FM 3 rha Bl A HHASS
Table A9 Evaluation results of each data window in Case 3
BT A 1% a, t /s EERRE
EPIBEASTRY  0-01s 162 2614 0039 #RIHTE
01~02s 997 518 01 #HhE
MIEHE  0.3~04s 483 04061 02 HON™E
0.8~09s 1269 242 01  dEwmHE
ERAEEIS 0~0.4s 3898 0314 037 HHIH~E
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