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Abstract

As one of the core components of the gas system, the potential failure of the gas shut-off valve may
have a serious impact on the safety of the system. To solve the problems of weak anti-interference
ability and low diagnostic accuracy of traditional fault feature extraction methods, this paper pro-
poses a gas shut-off valve fault diagnosis method based on complementary set mode decomposition
(CEEMD), kernel principal component analysis (KPCA), genetic algorithm optimized support vector
machine (GA-SVM), and D-S evidence theory fusion. Firstly, by decomposing the fault signal of the gas
shut-off valve through CEEMD, multiple intrinsic mode function (IMF) components are obtained to
achieve preliminary separation between the fault signal and noise; secondly, KPCA is used to extract
and reduce the dimensionality of the decomposed IMF components, constructing a highly recogniza-
ble multi-dimensional fault feature set and removing redundant information; then, GA-SVM is used to
perform preliminary fault identification on the optimized feature set, and genetic algorithm is used
to optimize the kernel function parameters and penalty factors of SVM to improve the preliminary
diagnostic performance of the model; finally, D-S evidence theory is introduced to fuse the preliminary
diagnosis results of GA-SVM with multi-source information to correct the diagnosis bias of single
model. To verify the effectiveness of this method, the accuracy and misjudgment rate of fault diag-
nosis were used as evaluation indicators. The normal signals and fault signals, such as leakage, jam-
ming, and misoperation, collected from the gas cut-off valve simulation fault experimental platform
were used for verification. The experimental results show that compared with traditional methods,
the proposed fusion diagnosis method achieves a fault diagnosis accuracy of 81.5%, reduces the mis-
judgment rate by 23% to 37%, and significantly improves the stability and reliability of fault recog-
nition. This method can provide technical support for the fault warning and accurate diagnosis of gas
shut-off valves, and has important engineering application value for ensuring the safe and stable op-
eration of gas systems.
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Figure 1. Signal and its spectrum after EMD decomposition
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Figure 2. Transient characteristics of CEEMD decomposition results
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Figure 3. Multi-feature fusion model for shut-off valves
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Figure 4. Pressure data feature set
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Figure 5. Flow parameter feature set
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Figure 6. Parameter feature set for the IMF component
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Figure 7. Multi-feature fusion data
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Figure 8. Data distribution plot before dimension reduction
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Figure 9. Visualization of KPCA dimension reduction using gaussian kernel functions
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Figure 10. GA-SVM model diagnostic flowchart
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Figure 12. Unoptimized SVM prediction results using the optimal feature set

12. ERASMFFERRIRMILE) SVM FUNEER E

accuracy = 81.5%
4 T T T T T VAP

——HZHF
35- O TS

MR EEFE AR AR
N
[}

15-6——Hb—6-L &

0 20 40 60 80 100 120 140 160 180 200
MREEA RS

Figure 13. Prediction results of GA-SVM with the optimal feature set
13. RABRMHFFAESRAI GA-SVM MIFURIEER

DOI: 10.12677/iae.2026.141016

137

(A


https://doi.org/10.12677/iae.2026.141016

gk %

5.2. D-S iEIEIR IS ILE R
B D-S TEHEFAS X W2 W BT AL, SRR RS AT I AR T A AN [ R g e R T 5
TS5, e RmE 1 ix.

Table 1. Fault codes and fault types
= 1. eSS 5HpEAR

Lt IEHARES W 1T o (IR 1 11 ¥R
S 1 2 3 4

£ GA-SVM 12 Wi A5 70 FROE AR et 4 s BB 25 DU R A (R i B S U 1) 4 AR AEBcd 46, 32 1] DS iIEdE
HR, IR HAZ g RAAT ARG R, A 2 o, ARIEFE RN, 6 E U I i b 2R

Table 2. Credibility distribution results after integrating D-S evidence theory
7 2. D-SIEHEIRILM A FMAIEE S B SR

iE3E m(4) m(4,) m(4,) m(4,) s

1 0.984 0.006 0.008 0.002 1

2 0.021 0.966 0.012 0.001 2

3 0.0 0.011 0.979 0.01 3

4 0.0 0.029 0.072 0.899 4
6. it

AT BE T LA 5 T BRI DI IR (¥ sk B2 W 5 84T 0T, BRI TR 2 RHIERL S I GA-SVM
RS R b2 W7 i, Rl SEPRIGIE T Z AR IS W T iR AT AT . AR AR R AR

1) ZrHr 1RSI IR SRS W R T AR TR A, B SRR SRR R L, $R H T 2 BE R
TEAREUT %, K555 CEEMD 7G5 WESE SRATRMER G . f5a S0 i AR 2 50
e R EEANER TUAR R, SR KPCA BT FRAEALEE, RBRICRUFIE, 152 ALRHiELE .

2) R XU I 1R AR 5 2 B0 AT e A B R A5 B R SRR SR, AANZGEERT GA-SVML s FTl i 2
rhBEAT W2 W R A SR R AL AL I ) 5 B — AR SR BGES W NUR AL AL B 12 W s U1 3 i 12 W 45 SR kAT
X T, B R BIR, AN ERARAFIESR 5 () GA-SVM J7 32 (R0 U1 W 1 45 5 PR 2 W v ff 2 ] LIS 21 81.5%.,
TR G SRR N 1 GA-SVM JE 1213 21 78.5% AR MAL SVM BRI 1) 52% K HER =, XA
(5] BRI W 1 i s S R LA B v R 2 e A 6

3) KR E I SERAT 2 )W RS Fis W 4 SR 4 5 DS IEAR LR, Bt DT DS IERER KA
BER I, RRINPEAL TIZWE R, R T RERC W HERG R, AR AU I P S T A AT DA SE LA

2 Wi R .

&E ik

[11 Hre, BIED, ERE, & AT UM i ) Sk st 72 0], B e 50 24), 2023, 37(12): 117-
125.

[2] Wang, T. and Lin, B. (2014) Impacts of Unconventional Gas Development on China’s Natural Gas Production and Import.
Renewable and Sustainable Energy Reviews, 39, 546-554. https://doi.org/10.1016/j.rser.2014.07.103

[3] Hao,X.J., An, X.R., Wu, B. and He, S. (2018) Application of a Support Vector Machine Algorithm to the Safety Precaution

DOI: 10.12677/iae.2026.141016 138 INE SR E S


https://doi.org/10.12677/iae.2026.141016
https://doi.org/10.1016/j.rser.2014.07.103

gk %

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Technique of Medium-Low Pressure Gas Regulators. Journal of Thermal Science, 27, 74-77.
https://doi.org/10.1007/s11630-018-0986-3

e LH, &85, Fg BRREMER RaE R RN S8 [I]. B3R, 2018, 39(9): 29-33.

Zhang, H., Liu, L., Dai, J., Ma, L., Liang, J., Zhang, H., et al. (2020) Spatio-Temporal Fusion Model of Natural Gas Pipeline
Condition Monitoring Based on Convolutional Neural Network and Long Short-Term Memory Neural Network. 2020
International Conference on Advanced Mechatronic Systems (ICAMechS), Hanoi, 10-13 December 2020, 208-213.
https://doi.org/10.1109/icamechs49982.2020.9310136

Bucur, A. and Rafa, V. (2014) Detection of Accidental Leaks in Natural Gas Main Pipelines by Fuzzy Logic Tools. Envi-
ronmental Engineering and Management Journal, 13, 1533-1536. https://doi.org/10.30638/eemj.2014.169

Ning, C., Wang, J. and Yu, X. (2008) SCADA System Security: Complexity, History and New Developments. 2008 6th
IEEE International Conference on Industrial Informatics, Daejeon, 13-16 July 2008, 569-574.
https://doi.org/10.1109/indin.2008.4618165

Aamir, M., Poncela, J., Uqaili, M.A., Chowdhry, B.S. and Khan, N.A. (2013) Optimal Design of Remote Terminal Unit
(RTU) for Wireless SCADA System for Energy Management. Wireless Personal Communications, 69, 999-1012.
https://doi.org/10.1007/s11277-013-1060-9

Nie, H.H., Wu, Z.L. and Yu, G.Y. (2014) Research on Fault Diagnosis Monitoring System of Natural Gas Compressor.
Advanced Materials Research, 1048, 541-544. https://doi.org/10.4028/www.scientific.net/amr.1048.541

Chen, S., Chen, L. and Zheng, D. (2012) Design of Electric Heat-Tracing Control System for Oil Pipeline. Proceedings
of the 31st Chinese Control Conference, Hefei, 25-27 July 2012, 5663-5669.

EI, A&, B, S5 FET /N SR K R Sh R RS W T IE ] W MOR SR R R (AR, 2025,
55(2): 494-502.

Yu, P., Song, H., Tian, Y., Dong, J., Xu, G., Zhao, M., et al. (2024) The On-Line Identification and Location of Welding
Interference Based on CEEMD. Metals, 14, Article 396. https://doi.org/10.3390/met14040396

Han, L., Li, P. and Ruan, Y. (2025) Planning Model of a Low-Carbon Landscape Garden Environment Based on PSO-BP.
International Journal of Low-Carbon Technologies, 20, 188-195. https://doi.org/10.1093/ijlct/ctae286

XIBH, REE, FH75, 5 ETEREIRS SVM il R R Fa U DUt B & Pk k). B A 1S T
TEZE4), 2019, 38(S1): 2807-2815.

B, TR, RV TR D-S IEEEIE M2 M 5 A ] BHAER, 2019, 20(11): 27-32+45.

Che, L., Di, Y., Gu, X. and Liu, Y. (2017) A Signal De-Noising Method for Gas Switch Discharge Based on EMD and
Energy Ratio. 2017 IEEE 2nd Advanced Information Technology, Electronic and Automation Control Conference (IAEAC),
Chongqing, 25-26 March 2017, 976-982. https://doi.org/10.1109/iacac.2017.8054159

Wang, R., Sun, S., Guo, X. and Yan, D. (2018) EMD Threshold Denoising Algorithm Based on Variance Estimation.
Circuits, Systems, and Signal Processing, 37, 5369-5388. https://doi.org/10.1007/s00034-018-0819-3

X R, T IE. @A H ISR SE DNN KR TR LT 8V 5y TR, 2021, 49(11):
2287-2291+2401.

Lahdhiri, H., Elaissi, 1., Taouali, O., Harakat, M.F. and Messaoud, H. (2018) Nonlinear Process Monitoring Based on New
Reduced Rank-KPCA Method. Stochastic Environmental Research and Risk Assessment, 32, 1833-1848.
https://doi.org/10.1007/s00477-017-1467-z

Bepibk, #nl, BfF, & R T EMNERE I BAE K R P R [T]. THENL AR S RA, 2017, 53(5): 231-
235.
Huang, W., Liu, H., Zhang, Y., Mi, R., Tong, C., Xiao, W., et al. (2021) Railway Dangerous Goods Transportation System

Risk Identification: Comparisons among SVM, PSO-SVM, GA-SVM and GS-SVM. Applied Soft Computing, 109, Article
ID: 107541. https://doi.org/10.1016/j.as0¢.2021.107541

Ge, L., Wei, Y., Min, C., Yang, Q. and Tian, G. (2025) Research Status and Prospect of Intelligent Wells Reservoir Monitoring
Technology. Nondestructive Testing and Evaluation, 1-43. https://doi.org/10.1080/10589759.2025.252893 1
W5, M, R, g, BE, B RSN EARIUR BB KRBTk, 2025, 45(5): 162-173.

Wang, S., Ge, L., Tian, G., Wei, G., Xiao, X. and Zou, M. (2025) Research Progress on Optimization Techniques for Elec-
tromagnetic Flowmeters: A Review. IEEE Sensors Journal, 25, 14557-14574.
https://doi.org/10.1109/jsen.2025.3552894

Xiao, G.Q., Lai, X., Ge, L., He, Y. and Teng, Y. (2025) Intelligent Tetrahydrothiophene Gas Detection Based on Electro-
chemical Sensor Array. Review of Scientific Instruments, 96, Article ID: 035104. https://doi.org/10.1063/5.0226213

Ge, L., Liu, Z., Liu, S., Xiao, X., Yuan, Y. and Yin, Z. (2025) Electromagnetic Tomography for Multiphase Flow in the
Downhole Annulus. /EEE Transactions on Instrumentation and Measurement, 74, 1-13.

DOI: 10.12677/iae.2026.141016 139 INE SR E S


https://doi.org/10.12677/iae.2026.141016
https://doi.org/10.1007/s11630-018-0986-3
https://doi.org/10.1109/icamechs49982.2020.9310136
https://doi.org/10.30638/eemj.2014.169
https://doi.org/10.1109/indin.2008.4618165
https://doi.org/10.1007/s11277-013-1060-9
https://doi.org/10.4028/www.scientific.net/amr.1048.541
https://doi.org/10.3390/met14040396
https://doi.org/10.1093/ijlct/ctae286
https://doi.org/10.1109/iaeac.2017.8054159
https://doi.org/10.1007/s00034-018-0819-3
https://doi.org/10.1007/s00477-017-1467-z
https://doi.org/10.1016/j.asoc.2021.107541
https://doi.org/10.1080/10589759.2025.2528931
https://doi.org/10.1109/jsen.2025.3552894
https://doi.org/10.1063/5.0226213

e 5%

https://doi.org/10.1109/tim.2025.3548206

[27] Ge,L., Liu, Y.Y., Gao, Y., Xiao, X.T., Wu, J.Y. and Hu, W. (2025) Improving Acoustic Localization Using Time Delay
Estimation of Wave Reflection in Buried Pipelines. Measurement, 242, Article ID: 116157.
https://doi.org/10.1016/j.measurement.2024.116157

DOI: 10.12677/iae.2026.141016 140 INE SR E S


https://doi.org/10.12677/iae.2026.141016
https://doi.org/10.1109/tim.2025.3548206
https://doi.org/10.1016/j.measurement.2024.116157

	燃气切断阀故障状态监测及诊断技术研究
	摘  要
	关键词
	Research on Fault State Monitoring and Diagnosis Technology for Gas Shut-Off Valves
	Abstract
	Keywords
	1. 引言
	2. 基于CEEMD-KPCA的多特征融合的特征提取
	2.1. 切断阀常见故障分析
	2.2. 基于CEEMD的多特征提取
	2.3. 基于KPCA的特征降维

	3. GA-SVM优化诊断模型
	4. 基于D-S证据理论的数据融合诊断
	5. 实验测试与分析
	5.1. GA-SVM模型故障诊断
	5.2. D-S证据理论优化结果

	6. 结论
	参考文献

