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Fault identification of a UHVDC transmission system based on IF-AD-ELM

YANG Xinyu, ZHAO Qingsheng, HAN Xiaoqing, LIANG Dingkang, WANG Xuping
(Shanxi Key Laboratory of Power System Operation and Control, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: There is a problem of low sensitivity and difficulty in identifying high-resistance ground faults in existing fault
detection methods for ultra high voltage direct current (UHVDC) transmission system. Thus a fault identification method
for a UHVDC transmission system based on the integer factor (IF)-approximate derivative (AD) and an extreme learning
machine (ELM) is proposed. The IF is used to analyze the signals at different sampling frequencies, and the AD method is
used to obtain different degrees of detail coefficients for the signals. First, the signal is down-sampled based on different
IFs, and the AD method is used to calculate the first, second and third order approximate derivatives of the obtained signal.
Secondly, the entropy characteristics of each sub-signal are calculated. Then, recursive feature elimination with a cross
validation (RFECV) algorithm is used to screen the features of the obtained series of features, and the ELM is used to
identify the UHVDC transmission system fault types. Finally, the UHVDC system model of £800 kV is built in the
Matlab/Simulink environment to simulate different fault types. The experimental results show that the proposed method
has higher accuracy and strong tolerance to transition resistance when identifying different types of faults in a UHVDC
transmission system.
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Fig. 1 Voltage signals under different IF values
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Fig. 2 Each order approximate derivative of voltage signal
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F2 45 0 45 100 EMD-ELM 0.8908 0.8858 87.94
F3 45 0 45 100 IF-AD-ELM 0.9810 0.9810 98.10
coon . . o 9% 6 A4 7 AN, 2id RFECV SUASHE S
o . N - BB R g 98.10%. 1177 2 Fi v et
o i X 45 0333 b, BERLER RN 95.87%. LW RFECV Sk
S —— - MORHEAL AL T4, SEBTHHARERI . % 8 1

3R 7 KRE RFECV fHEHHHALR
Table 7 Identification results without RFECV screening

HM O RBIER WERE AR HERI /%
F1 45 0 45 100
F2 45 0 45 100
F3 45 0 45 100
F4 45 0 45 100
F5 40 5 45 88.89
F6 43 2 45 95.56
F7 39 6 45 86.67

PSELN 302 13 315 95.87

¥ ELM 5 HAth 43 REEXT L, 41 SVML ANN.
BE LA (random forest, RF)FLiE2E2, 4 qLink
8 Hine N TIUFFTHAEAY M S ME, EARDHE
Sk, AN EE e L i e R B R AT AR, &
W 9 iz,

K A RE S A5 DWT fl EMD 5
IF-AD 5ykxtth, 558 usR 10 fros.

8 TRISAEELE

Table 8 Comparison with other classification algorithms

ERES FEJCES Foe HERRZE /%
IF-AD-SVM 0.9268 0.9238 92.70
IF-AD-RF 0.9110 09114 90.16
IF-AD-CNN 0.9720 0.9714 96.83
IF-AD-ANN 0.8390 0.8398 82.86
IF-AD-ELM 0.9810 0.9810 98.10

A, ARSCKHM ELM SiEA R, F FdERF
Bim T HAh sy BBk, PERCR . AR, B
9 FN2 10 BI A1, ASCHTHE I S F R R A 5 )
arptt, M T HAPRRER, R E &

6 5P

ASCHE T —Fh IF-AD-ELM 4§ FL i
RGN . R AN RS T RS
2 1F-AD FEA B 5 e BURAFAE, 18 RFECV &
FORATRAETR %, BJEAH] ELM SERET IO B
W SEIGE R RWIA SR B i3 Ik LA FE R 4
WU R T VEAE R P 0 B AR B T AR HE AR
A HE = WErR, Hyiriae .
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