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Abstract

efficiency, it is necessary to monitor metro traction power con-

[ Objective] In order to improve train operational

sumption and establish a relevant energy consumption model
for prediction analysis of metro traction power consumption.
[ Method] The basic principles of grey prediction model and
BP (backpropagation) neural network are introduced. Taking
the traction daily electricity consumption data for a typical met-
ro station in Tianjin in June 2021 as example, the grey correla-
tion analysis method is used to select the influencing factors

with high correlation to the daily traction power consumption of
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metro. Based on the GM (1,1) grey prediction model, the
short-term traction daily power consumption is predicted. The
selected influencing factors with high correlation, the short-
term traction daily power consumption predicted by GM (1,1)
grey model, and the adjacent historical traction daily power
consumption data are used as input for training in BP neural
network model to establish the GM-BP grey neural network
model. The required short-term metro traction daily power con-
sumption prediction data is generated. [ Result & Conclusion ]
Compared with conventional GM (1,1) grey prediction model
and BP neural network model, the prediction error of short-
term traction daily power consumption predicted by the GM-BP
grey neural network model shows significant improvement, and
can be used as effective metro traction power consumption data
for short-term prediction data analysis.

Key words metro; estimated traction daily power consump-

tion prediction; grey neural network
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Tab.1 Data items with metro traction daily power con-

sumption correlation over 0.5 and their rankings
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Fig.2 Comparison of metro traction daily power consumption
prediction results by different calculation models (June
2021)
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Tab.2 Statistical results of metro traction daily power consumption prediction values and relative errors

obtained by three calculation models

- mﬁé&' \ShFHEE% y GM(1,1) Jic & T A A BP 1 M £ R GM-BP K 8,41 45 [ £ 5
) WA/ (kWh)  AHXFIR22/%  TOUME/ (kWh)  FEXTER2E/%  TUE/ (kWh)  AHXTER2E/ %
2021-06-01 4 379 4379 0 4945 12.9 4545 3.8
2021-06-02 4 820 5 809 20.5 4918 2.0 4678 -3.0
2021-06-03 4923 5 885 19.6 4 688 -4.8 4 845 -1.6
2021-06-04 6112 5962 2.5 5902 -3.4 6323 3.5
2021-06-05 6 767 6 039 10.8 7054 4.2 6 631 -2.0
2021-06-06 6 944 6116 12.0 6 980 0.5 6 860 -1.2
2021-06-07 6 090 6194 1.8 6 395 5.0 5826 -4.3
2021-06-08 6 736 6271 8.0 6011 -10.8 6 823 1.3
2021-06-09 6 399 6 349 0.8 6 236 -2.6 6 448 0.8
2021-06-10 7 089 6 426 9.4 7 149 0.9 6 960 -1.8
2021-06-11 5594 6 504 16.3 5 468 -2.3 5476 -2.1
2021-06-12 8 066 6 582 18.4 7670 -4.9 8 364 3.7
2021-06-13 8 408 6 660 20.8 8 213 -2.3 7920 -5.8
2021-06-14 8 336 6 738 19.2 8 474 1.7 8 547 2.5
2021-06-15 5136 6 816 32.7 4 679 -8.9 4986 -2.9
2021-06-16 5517 6 894 24.9 4679 -15.2 5617 1.8
2021-06-17 5 891 6973 18.4 5211 -11.5 5684 -3.5
2021-06-18 6 598 7051 6.9 6 205 -6.0 6 236 -5.5
2021-06-19 5 850 7130 21.9 5811 -0.7 5833 -0.3
2021-06-20 6 154 7 209 17.1 6 076 -1.3 6153 0
2021-06-21 7195 7 288 1.3 7251 0.8 7 061 -1.9
2021-06-22 8 216 7 367 10.3 7741 -5.8 8 025 -2.3
2021-06-23 7518 7 446 0.9 7 691 2.3 7528 0.1
2021-06-24 7777 7525 3.2 7941 2.1 7919 1.8
2021-06-25 8 701 7 605 12.6 8 851 1.7 8 689 -0.1
2021-06-26 7 531 7 684 2.1 7 829 4.0 8 070 7.2
2021-06-27 7176 7764 8.2 6 818 -5.0 7393 3.0
2021-06-28 8 188 7 844 -4.2 8 080 -1.3 7930 -3.2
2021-06-29 8 521 7924 -7.0 9153 7.4 8 443 -0.9
2021-06-30 8 066 8 004 -0.8 8 098 0.4 8 373 3.8
theory[ J]. Urban Mass Transit, 2020, 23(6) ; 28.
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Tab.3 Average identification accuracy rate of each bear-

ing status using different calculation methods
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c 94.62 94.27 89.19
4 Z5iE

PR SCER X 5 51 A D A A R 1 R 32 B ]
R, Bt — il T R VMD B Rl R SR 30 15 5 Ak B
SRR O 3k TS 6 202t i) VMD 5 LLE
FAIERELE )7 5 H BP #2845 4, it v 1 IR AR
MRl B TR FE AR B R S B2 W T, 5 1) 1 g 1 571
TRl R IR B B0 1A e AR AR 1 0 B o A
SERBIRIIEAT T IE . 1B A R R R R
FEAR Bl AR B A~ U MR R 14 7 98% LA E L IE
WY B 07 1 A R TR A4

S 3Tk

(1] T#e, Rl pr, Av k. JETHLak % > 1Y 3 72 4115 5 Af il K il 1
GWEIRIIE ] BaEHAbRE(PPE30) , 2021, 3(9) :19.

2024 F

YU Xiang, GAO Shiping, YU Jin. Research on machine learning
based fault diagnosis modeling of gearbox bearings in high-speed
trains[ J ]. Railway Technical Standard ( Chinese & English ),
2021, 3 (9): 19.

(2] JrdRd. T80 o0 o KUr 16 S8 A0 R e i2 W s 15
(1], TASRE, 2021, 61(1): 4.

FANG Mianmian. Fault diagnosis method for wind turbine gearbox
bearing based on variational mode decomposition[ J]. Engineering
& Test, 2021, 61(1): 4.

[3] BR&I, BB, FRfE, 55 FET VMD RO AU 2 R 45 (1 18
LA RSl 1], THEAR, 2021, 42(7) « 892.
CHEN Jian, HUANG Kaixuan, LYU Wuyang, et al. Bearing fault
diagnosis method based on VMD and convolutional neural network
under varying operation conditions[ J]. Acta Metrologica Sinica,
2021, 42(7) : 892.

(4] W7k, 2488, 2F, & TR RS B2
KA RUREEZ T T]. #BEZh ) TR, 2021, 36(3) : 55.
XU Zifei, MIAO Weipao, LI Chun, et al. Fault diagnosis of bear-
ings based on variational mode decomposition and convolutional
neural network[ J]. Journal of Engineering for Thermal Energy and
Power, 2021, 36(3); 55.

[S] Adhze. BT LLE S i % 1 RGO RRIE B0 4R e 2 U5 1%
WIFELD]. 2290 2JHEIT R, 2013.

SHI Kunju. The research on LLE data set dimensionality reduction
method in rotor system failure[ D]. Lanzhou; Lanzhou University
of Technology, 2013.

[6] FRR, STEMS, H#oc. JET/NE-BP Mg & & shfLAI R
WS W[ T]. A G BORE™ A, 2018(2) ¢ 1.

CHEN Liang, JIA Chunpeng, YANG Anyuan. Fault diagnosis of
engine bearing based on wavelet-BP neural network [ J ]. New

Technology & New Products of China, 2018(2): 1.

- RS B #7.2022-01-07 5= B #7:2022-05-31 iRk B #7:2024-07-10
Received :2022-01-07 Revised:2022-05-31 Published :2024-07-10
c B 24T, TAIF,1105972517@ qq. com
BASAE A AL, LA R 4 ,1209315092@ qq. com
- O3 T HE ZBAT R ) 4 Bk, FFAHRI CC BY-NC-ND i
(©) Urban Mass Transit Magazine Press. This is an open access article

under the CC BY-NC-ND license

0 0 D <

(#3520 T1)

[31 EF, MR, B T k8 1L ST 10 Pl 25 ) 46 & 1)
IR RIZ T[T ], ST PUE RSB , 2020, 23(12) : 46.
WANG Yu, LIU Ruochen, LI Guangjun. Fault diagnosis of bogie
bearing based on neural network optimized by improved genetic al-
gorithm[ J]. Urban Mass Transit, 2020, 23(12) ; 46.

(4] aksliee. STPLESOE RG AT L v REREMTFE[ D], dLat:
LRz AR, 2009.

ZHANG Yanyan. Study on the power consumption of traction and

station of urban rail transit[ D]. Beijing: Beijing Jiaotong Univer-

« 26 -

0 D D 0

sity, 2009.

- WS B H0.2022-0523 14T B 41:2022-06-15  sH ik B H7:2024-07-10
Received:2022-05-23 Revised :2022-06-15 Published :2024-07-10
B RE HR IAIF,417903262@ qq. com
BATVEH TR, & & TA2)F,804688467 @ qq. com
- ©C ¥R T 4 SGE AR ) A Bk, FFAKIR CC BY-NC-ND #
(© Urban Mass Transit Magazine Press. This is an open access article

under the CC BY-NC-ND license



