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Noise reduction method for the OLTC vibration signal of a UHV converter station
based on APSO-SSD-SVD
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(1. School of Electric Power Engineering, Kunming University of Science and Technology, Kunming 650500, China; 2. Guangzhou
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Abstract: With the large-scale commissioning of UHV AC and DC converter stations in China, the on-load tap changer
(OLTC) has become one of the devices with more faults in UHV converter stations. To address the problem of difficult
extraction of OLTC fault features in UHV converter stations in a high background noise environment, this paper proposes
a method based on an adaptive particle swarm algorithm to optimize singular spectrum and singular value decomposition.
First, the modal parameters in the singular spectrum decomposition algorithm are optimized using the APSO algorithm,
and the optimal number of decomposition modes is selected. Secondly, the optimal singular spectrum components are
selected based on the maximum cliff criterion. Then, the optimal reconstruction order is determined, and the signal is
reconstructed by singular value decomposition, so as to achieve the purpose of signal noise reduction. Applying the
proposed method to the simulated and experimental signals, the results show that the proposed method achieves a
signal-to-noise ratio of 23.302, the root-mean-square error is only 0.004, and the waveform similarity parameter is as high
as 0.998. This is better than other noise reduction methods. The method proposed can more effectively achieve the noise
reduction of OLTC vibration signals in UHV converter stations, and provides a reference for auxiliary operation and
maintenance personnel to diagnose the OLTC status.
This work is supported by the National Natural Science Foundation of China (No. 52277104).
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Table 4 Comparison of noise reduction results in different

noise environments
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Table 6 Kurtosis values of each singular spectral component

*® 6 HHEH A I MEARIENDENIHEE

when the number of modes is 9

SE U FEEAE SE U P AE SE U P 8
Sscl 18.379 Ssc4 39.780 Ssc7 29.357
SsC2 10.244 SSCs 7.426 SSC8 27.501
SSC3 41.493 SSC6 8.691 SSC9 7.247

IR ZET /N, VA 0.004, BIEAHBIZE N
0.998, FHZIT 1, KL PHEM AR ik EE
RUFHIRFER R, BERE LI OLTC ka5 5 HIAE R
R g

5 £Eip

AXHREH T —MET APSO-SSD-SVD ][4



-22 -

Y AR

Jivk, R SIS ISR DL R Ak
1) KH APSO #ik454 RCMDE, H s N &

1 SSD J5 kI AR RS E, A RUR R T AR SERA

FEAR BAURTTIHIF R R, 8858 7 IRBN15 5 20 W

iy e B ROR 5
2) FH SVD ReE R R EMI AL, AEE

TP HBTE BRI SRR, (LA IR S S Bl S R B

L EA SE bR B AME
3) 5tEG AL E ST, EMD. VMD. EMD-

SVD Jj AT 0 Ee A 5 KB, A SCIR HE A APSO-

SSD-SVD J5 % BA AL R MR M LL L 25 AR R ZE AN

BOVARAASEL, (R I 7E TR0 AN R 7S P HoAT 5

SRR, RSO IAERS S B4 OLTC

PRBNE 5 AN 7 T B A B R

SRR

(1] Ed, FEm, £, & ETITERES SRR S

R LI A L B U AT I I R DTV D). W RGO
Lz, 2024, 52(1): 109-120.
WANG Hongbin, ZHOU Niancheng, WANG Wei, et al.
A double-terminal fault location method for UHVDC
transmission lines based on traveling wave mode
decomposition[J]. Power System Protection and Control,
2024, 52(1): 109-120.

(2] TR, T&M, Zkih, & SeEfiZ asa8s

FETT AR S ALRIRAE 5 BE R B 7 [T]. Hdl
S¥sHl2ER, 2023, 27(8): 73-79.
HE Liang, DING Dengwei, LI Xianwei, et al. Adaptive
separation method of vibration and motor current signal
of vacuum on-load tap-changer for converter transformer[J].
Electric Machines and Control, 2023, 27(8): 73-79.

[3]  ZERAR, BXFH, B, 5. FETIRERAERDE S PIZE IR X
HPLALAT R IRA IR IZ T ). B R GRS
i, 2022, 50(10): 1-10.
LI Dongdong, ZHAO Yang, ZHAO Yao, et al. A fault
diagnosis method for a wind turbine planetary gearbox
based on a deep feature fusion network[J]. Power System
Protection and Control, 2022, 50(10): 1-10.

(4] F&, =R, £FF, & BEHEAESEITLHA

RS W R R DR R R EET]. iR LR, 2022, 58(3):

171-180.

WANG Lei, YUAN Hongyue, WANG Jiqin, et al.
Development status and prospect of transformer on-load
tap-changer technology and fault diagnosis[J]. High Voltage
Apparatus, 2022, 58(3): 171-180.

[5] BENGTSSON C. Status and trend in transformer
monitoring[J]. IEEE Transactions on Power Delivery,
1996, 11(3): 1379-1384.

(6] WENAR, #eE, EIE, 55 —MHTES LGN

[7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

LML) BT ER A, 2020, 39(4): 32-36.
XIE Lijuan, LU Feng, WANG Xu, et al. A wavelet threshold
denoising algorithm for Signal denoising[J]. Foreign
Electronic Measurement Technology, 2019, 39(4): 32-36.
X, AR, SRENR, & mo-LSEotilE b4
T 01 el 1) EMD B[], 20405 06 TR, 2020,
49(11): 95-104.

LIU Xiangfeng, HUANG Genghua, ZHANG Zhijie, et al.
Noise reduction based on empirical mode decomposition
for full waveforms data of GaoFen-7 laser altimetry[J].
Infrared and Laser Engineering, 2020, 49(11): 95-104.

R ZE, VG, AR, RS SR IES RS
o] HRBh. W52, 2011, 31(4): 429-434.

HU Aijun, SUN Jingjing, XIANG Ling. Mode aliasing
problem in empirical mode decomposition[J]. Vibration,
Measurement and Diagnosis, 2011, 31(4): 429-434.
DRAGOMIRETSKIY K, ZOSSO D. Variational mode
decomposition[J]. IEEE Transactions on Signal Processing,
2014, 62(3): 531-544.

Wi, EFE, R, & i 8ot ka(E
SRLMBABTFE)]. =k AR, 2020, 56 (12): 184-190.
LU Yuncai, WANG Tonglei, WEI Chao, et al. Research
on vibration signal detection technology of converter
transformer’s on-load tap-changer[J]. High Voltage
Apparatus, 2020, 56(12): 184-190.

i, BRUKIK, D228, % 35T EMD-PSD ) OLTC %
G SHRFESRIUNED]. AR S HOR R, 2020,
35(5): 3-10.

XU Yan, CHEN Bingbing, MA Hongzhong, et al. Vibration
signal feature extraction method of the onload tap changer
based on EMDPSDV[J]. Journal of Electric Power Science
and Technology, 2020, 35(5): 3-10.

W, mE R, A, %% S SOH Hilbert-Huang 48
# T 1 Volterra #2812 1 OLTC WL R fR[J]. =ik H s,
2020, 56(7): 173-180.

GAO Shuguo, YUE Guoliang, ZHOU Cong, et al. Applying
Hilbert-Huang transform of the Volterra model to
diagnosing mechanical fault for on-load tap changer[J].
High Voltage Apparatus, 2020, 56(7): 173-180.

sRE(E, Bsnlh, WA, & BTG VMD A sy
B RIREN M5 5 B 7T [J]. /K AR IR RS2, 2020,
38(5): 189-192, 177.

ZHANG Xuejian, BAO Keqin, HAN Xiang, et al. Research
on vibration signal noise reduction of on-load tap-changer
based on optimized VMD][J]. Hydropower Energy Science,
2020, 38(5): 189-192, 177.

B4, ERE, 44, & ETHRIMRES EMD
R R ETT RIRENE T LW [)]. B LA EeHT
A&, 2020, 39(1): 51-58.

ZHAO Shousheng, WANG Weiguo, WANG Fenghua, et al.



¥ B, 5

FHF APSO-SSD-SVD 45 i I #e i st OLTC R 3I1E 5 B 751k

- 23 -

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Denoising method of vibration signal of on-load tap changer
based on statistical feature and EMD algorithm[J]. Advanced
Technology of Electrical Engineering and Energy, 2020,
39(1): 51-58.

BHR, £F34%, st & OFHE R E#RIZ T
GRS 3 MR LA I 457 A8 T s F A B0 03 BETT 5L
MRS [D]. s THARZEH], 2017, 32(10): 182-189.
DUAN Ruochen, WANG Fenghua, ZHOU Lidan, et al.
Mechanical condition detection of on-load tap-changer in
converter transformer based on narrowband noise assisted
multivariate empirical mode decomposition algorithm[J].
Transactions of China Electrotechnical Society, 2017,
32(10): 182-189.

B R, £EE, A#H ETA HHT Bik5%6

2545 IS P A AR A 3 BT SRR AR AR ]

v L AR 23R, 2016, 36(11): 3101-3109.

DUAN Ruochen, WANG Fenghua, ZHOU Lidan.
Mechanical features extraction of on-load tap-changer in
converter transformer based on optimized HHT algorithm
and Lorentz information measure[J]. Proceedings of the
CSEE, 2016, 36(11): 3101-3109.

ZARANDI F D, BEHJAT V, GAUVIN M, et al. Power
transformers OLTC condition monitoring based on feature
extraction from vibro-acoustic signals: main peaks and
euclidean distance[J]. Sensors, 2023, 23(16): 7020-7036.
ER, ER, AR, 55 S EEMD 557 R R ORI
HPLER A E S X AT ARG R 55,
2023, 51(24): 164-174.

WANG Guo, LEI Wu, MIN Yongzhi, et al. Application of
an improved EEMD algorithm in high voltage shunt
reactor sound signal denoising[J]. Power System Protection
and Control, 2023, 51(24): 164-174.

L8, R, 2B, % s RS RS A SoHETT
RN TAR — S E[0]. ik s, 2022,
58(7): 199-206.

MA Yong, WANG Tonglei, WU Peng, et al. Study on the
dynamic simulation and woking consistency of vacuum
on-load tap changer in converter transformers[J]. High
Voltage Apparatus, 2022, 58(7): 199-206.

WANG S, LIAN G, CHENG C, et al. A novel method of
rolling bearings fault diagnosis based on singular spectrum
decomposition and optimized stochastic configuration
network[J]. Neurocomputing, 2024, 574: 127278-127290.
JESTHE, A, EReIE. SR ol A Rk o R A
AR 73 it I R SRR SR IBUT VR T]. P B AL TAE,
2020, 31(24): 2988-2996.

TANG Guiji, LI Nannan, WANG Xiaolong. Fault feature
extraction method for gears based on ISSD and SVD[J].
China Mechanical Engineering, 2019, 31(24): 2988-2996.
Yk, BN, M, & TS0 VMD Ak

il R R B2 D). IHLAAIR, 2023, 41(2):
166-174.

XU lJia, HU Jiancun, QIN Ciwei, et al. Fault diagnosis of
high-pressure fuel pump based on parameter optimization
VMD and dispersion entropy[J]. Transactions of CSICE,
2023, 41(2): 166-174.

CHRISTIE D C. Efficient estimation of directional wave
buoy spectra using a reformulated maximum Shannon

[23]

entropy method: analysis and comparisons for coastal

wave datasets[J]. Applied Ocean Research, 2024, 142:

103830-103850.
[24] ZHANG Xihai, CHEN Xianghui, ZHENG Guochen, et al.
Improved prediction of chlorophyll-a concentrations in
reservoirs by GRU neural network based on particle swarm
algorithm optimized variational modal decomposition[J].
Environmental Research, 2023, 221: 115259-115269.
XU Wenhua, TAN Lihui, LIN Rongrong. Weighted
singular value decomposition basis of Szeg6 kernel and

[25]

its applications to signal reconstruction and denoising[J].
Journal of Computational and Applied Mathematics, 2023,
426: 115027-115039.

BB, FWEAR. FE TR AE A R 1 5 O R
[7]. HLT-23), 2000, 28(10): 95-97

HU Guangrui, WEI Xiaodong. Endpoint detection of noisy

[26]

speech based on cepstrum[J]. Acta Electronica Sinica,
2000, 28(10): 95-97.

REM, XIER, KRR, F. ARG — PR
TR 329 75 W R 22 RS 5 ARARN 1R 22 i 773 0], 70 i fk
22,2015, 43(5): 754-758.

WU Xuemei, LIU Zhiqiang, ZHANG Tianlong, et al. A
method for further reducing prediction RMS error and

[27]

RMS relative error by combining dual models[J]. Chinese
Journal of Analytical Chemistry, 2015, 43(5): 754-758.

[28] ANDEE Y, PROUVEE J, GRAUXF, et al. Determination
of noise figure of differential circuits using correlation of
output noise waves[J]. Electronics Letters, 2014, 50(9):
665-667.

YisEEA: 2024-03-11;
EE BN

% 4 (1986—), F, dBfE4H, B, sk, AR
FEAHREE. BAHTHEE AU, RBRELER L S A
X ALFEAR S Z4T A F; E-mail: waiting. 1986@
live.com

kOAFQ001—), B, ML, AT OHALE
W ) AP a9 2 A E-mail: 2t0414x@163.com

WEAR (1993—), 5, MEARA, TRIF, LT
ARG E L AS R P T X AR N S RS,

E-mail: ruanyanjun@im.ehv.csg

&EIHEA: 2024-05-25

(%% £3m)



