


Ming Gong · Limin Jia · Yong Qin ·
Jianwei Yang · Zhigang Liu · Min An
Editors

Proceedings of the 6th
International Conference
on Electrical Engineering
and Information Technologies
for Rail Transportation
(EITRT) 2023
Advanced Information Enabling Technology for
Rail Transportation



Editors
Ming Gong
CRRC Industrial Institute Corporation
Limited
Beijing, China

Yong Qin
Beijing Jiaotong University
Beijing, China

Zhigang Liu
Beijing Jiaotong University
Beijing, China

Limin Jia
Beijing Jiaotong University
Beijing, China

Jianwei Yang
Beijing University of Civil Engineering
and Architecture
Beijing, China

Min An
University of Salford
Salford, UK

ISSN 1876-1100 ISSN 1876-1119 (electronic)
Lecture Notes in Electrical Engineering
ISBN 978-981-99-9318-5 ISBN 978-981-99-9319-2 (eBook)
https://doi.org/10.1007/978-981-99-9319-2

© Beijing Paike Culture Commu. Co., Ltd. 2024

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproductiononmicrofilmsor in anyother physicalway, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, Singapore

Paper in this product is recyclable.

https://doi.org/10.1007/978-981-99-9319-2


Contents

Dynamic Interaction Study on Double-Pantograph and Rigid-Catenary
for AC Traction Power Supply System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Qiang Huang, Ying Wang, Xiaoqiang Chen, Yuting Wang,
and Jianlong Guo

Real-Time Low-Light Image Enhancement Method for Train Driving
Scene Based on Improved Zero-DCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Zhichao Chen, Jie Yang, Fan Li, and Zhicheng Feng

Mathematical Model of Adaptive Optimal Allocation for the Whole
Process of Driving Through No. 18 Non-crossing Crossover Considering
Special Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Ganghui Zhao, Ying Wang, Xiaoqiang Chen, and Yixuan Wang

Research on Enhancing Speed Measurement Accuracy in Rail Transit
Systems Using Curve Fitting Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

Yimin Li

A Fine-Grained Method for Detecting Defects of Track Fasteners Using
RGB-D Image . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

Xuanyu Ge, Yong Qin, Zhiwei Cao, Yang Gao, Lirong Lian, Jie Bai,
and Hang Yu

Research on Key Parameter Optimization Method of High-Speed Railway
Vehicle-Bridge System Based on Proxy Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

Kexin Zhang, Mingming Wang, Ze Xie, and Ning Xu

Reliability Analysis of Metro Vehicles Bogie System Based on Fuzzy
Bayesian Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

Rui Liu, Ying Zhou, Limin Jia, Yong Qin, and Zhipeng Wang

A Lightweight Pedestrian Intrusion Detection Algorithm Based
on On-Board Video . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

Yang Gao, Yong Qin, Zhiwei Cao, Lirong Lian, Jie Bai, Xuanyu Ge,
and Hang Yu

A Railway Similarity Multiple Object Tracking Framework Based
on Vehicle Front Video . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Lirong Lian, Yong Qin, Zhiwei Cao, Yang Gao, Jie Bai, Xuanyu Ge,
and Hang Yu



vi Contents

A Lightweight Sementic Segmentation Model for Metro Tunnel Scene
Based on Vehicle Front Camera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Jie Bai, Yong Qin, Zhiwei Cao, Lirong Lian, Yang Gao, Xuanyu Ge,
and Hang Yu

Dynamic Fault Detection Method of Traction Systems in High-Speed
Trains Based on Joint Observer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

Chao Cheng, Weijun Wang, Yang Song, and Hongtian Chen

Electromagnetic Wind Energy Harvester for Condition Monitoring System
of High-Speed Train Bogies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Xinyu Mao, Yuan Zhang, Lei Zhu, Xuejun Zhao, Dilong Tu, Ben Yang,
and Yanping Du

An Exploration of Voltage-Type Rotor Magnetic Field Indirect Vector
Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

Yimin Li

Method to Detect Arc Across Pantograph-Catenary Structure Atop Train
Based on Frequency Features of Entry Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

Yufei Du, Yang Jiao, Yongzheng Zhu, Jun Chen, Hongbin Li,
and Qing Chen

A Foreign Object Detection Method for Railway Overhead Lines Based
on Few-Shot Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

Hang Yu, Yong Qin, Zhiwei Cao, Lirong Lian, Yang Gao, Jie Bai,
and Xuanyu Ge

Transformer-Aware Graph Convolution Networks for Relation Extraction
of Railway Safety Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

Youwei Wang, Xiwang Li, Yuying Wu, Wei She, and Yangdong Ye

A Comprehensive Study on Train Operation Dynamics and Passenger
Comfort Optimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

Yimin Li and Ruini Zhu

Model-Driven Study of Intelligent Passenger Information System
for Urban Rail Transit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

Tingli Huang, Baomin Wang, Ningguo Qiao, Haifang Wang,
Jiahao Zhao, and Qingyong Wang

Research on Positioning of Permanent Magnet Maglev Trains Based
on Weighted Adaptive Kalman Information Fusion . . . . . . . . . . . . . . . . . . . . . . . . . 161

Yiwei Xu, Kuangang Fan, and Qian Hu



Contents vii

Analysis of Dynamic Characteristics of Dropper in Catenary System . . . . . . . . . . 170
Yongming Yao, Jing Wang, Bin Wang, Meijun Mu, and Yan Xu

A Power Flow Optimization Method for Urban Rail Flexible Traction
Power Supply System Considering Train Dwell Time . . . . . . . . . . . . . . . . . . . . . . . 177

Zishi Ni, Gang Zhang, Hong Yu, Renyu Wang, and Zhaofeng Gong

A Mechanism and Data-Driven Hybrid Mechanical Model of Rotary Arm
Positioning Rubber Joint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186

Pengcheng Zeng, Liangcheng Dai, Maoru Chi, and Zhaotuan Guo

High Speed Train Bracket Arm Visualization Experiment System . . . . . . . . . . . . 198
Shuxian Wang, Yangyang Cheng, Shangen Li, Faye Zhang,
Mingshun Jiang, and Lei Zhang

Design of Cabinet-Level Refrigeration System in Subway Station
Communication Signal Room . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

Jianna Li, Yanhua Qiao, Huijuan Ma, and Xiangfang Mao

Active Control of Pantograph Sliding Mode Under Fluctuating Wind
Excitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215

Zedong Ren, Ying Wang, Xiuqing Mu, Xiaoqiang Chen,
and Zhanning Chang

Time Synchronized Sensor Network with IEEE1588 for Vibration
Measurement in Structural Health Monitoring of Railway System . . . . . . . . . . . . 223

Guotao Jiang, Yong Liu, Yu lv, and Haiyan Wu

Modeling and Implementation of EMU Traction System . . . . . . . . . . . . . . . . . . . . 231
Haifang Wang, Lin Guan, Baomin Wang, Yiming Lu, Kuanxin Li,
Minghui Sun, and Peng Zhang

Traffic Operation Status Research Based on Multi-source Data Fusion . . . . . . . . 240
Ling Cao, Pangwei Wang, and Honghui Dong

Isochronous Deterministic Ethernet System Research . . . . . . . . . . . . . . . . . . . . . . . 248
Jiang Guotao and Wu Haiyan

Data-Driven Fault Text Classification of Urban Rail Transit Vehicle
On-Board Signal System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259

Qijia Xi and Shenghua Dai

Research on Temperature Rise Modeling of Traction Inverter Module
Based on Surrogate Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269

Guangming Qing, Zhaoyang Zhang, Yu Zhang, and Miao Zhang



viii Contents

Analysis on the Current Situation and Development of Urban Rail Transit
Test and Certification Center . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280

Jiali Wang, Xun Xiao, Mengting Lu, and Zhengyu Xie

Research on Intelligent Intrusion Detection System Model for Train
Network Based on TCN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288

Mingming Liu, Jianying Liang, Jiewei Du, Hongjing Yao, Shaoqing Liu,
Zhenchen Chang, and Dongxiao Jia

Reliability Analysis of Circuit Board Based on Probability Box Failure
Physical Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298

Chuang Zhang, Xiang Li, Xinlin Fan, Tian Tang, Yong Qin, Limin Jia,
and Zhipeng Wang

A Turnout Anomaly Detection Method Based on Kernel-Aligned Mixed
Kernel Function SVDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308

Sixin Han, Huiyue Zhang, Zhaoyu Li, Bidong Miao, Limin Jia,
Yong Qin, and Zhipeng Wang

Wave Propagation in the Overhead Conductor Rail System . . . . . . . . . . . . . . . . . . 316
Long Chen, Zeyao Hu, and Zhigang Liu

Overview of Traction System Testing Indicators for Rail Transit Equipment . . . . 326
Jiaxin Liao and Zhengyu Xie

Noise Testing Methods and Indicators for Transport Equipment . . . . . . . . . . . . . . 333
Zengqing Wang and Zengyu Xie

Research on Testing Methods for Urban Rail Transit Braking Systems . . . . . . . . 341
Jianfan Wu and Zhengyu Xie

Power Flow Calculation of Vehicle Network Coupling in Traction Power
Supply System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 348

Cong Bao Li, Li Peng Liu, Yang Liu, Xing Jun Tian, Wei Song,
and Shuai Cao

Data Augmentation of Aerial Traffic Images Based on Optimal Transport
Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 356

Zexuan Zhang, Limin Jia, Yong Qin, Xinlin Fan, Tian Tang,
and Zhipeng Wang

Analysis of the EMU Switching Overvoltage During Pantograph Raising
Base on Multiple Re-strikes Arc Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 364

Shiyu Zhang, Yingqiang Guo, and Dajie Lin



Contents ix

Design of Environmental Monitoring System for Subway Machine Room . . . . . 372
Yanhua Qiao, Huijuan Ma, Jianna Li, Xiangfang Mao, and Lingyu Yang

Design and Application of Rigid-Flex Printed Circuit Board in Special
Vehicles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 381

Lu Xu, Zhiyuan Wang, Fengpu Qiao, Quan Gao, and Tingting Wu

Analysis and Optimization of Dynamic Performance of High-Speed
United Type Transition Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 390

Sheng Zhou, Xiaohe Feng, Fuchuan Duan, Long Chen, and Zhigang Liu

Vehicle Safety Braking Model Based on Cyber-Physical System . . . . . . . . . . . . . 401
Haichuan Chen and Honghui Dong

Fundamental-Frequency Positive/Negative-Sequence Detection Under
Unbalanced and Distorted Grid Voltage Conditions . . . . . . . . . . . . . . . . . . . . . . . . . 410

Xiaobo Wu, Jianying Liang, Junhong Tian, Conglei Song,
and Qinggao Fu

Application of Digital Verification Technology in Brake System . . . . . . . . . . . . . . 421
Junhong Tian, Lingjun Wang, Xiaobo Wu, Chao Wang, and Tong Wu

Real-Time Simulation of Traction Step-Down Transformer-Uncontrolled
Rectifier Based on FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 428

Conglei Song, Donglei Sha, Xiaobo Wu, Zhen Shen, Chao Wang,
Wenqin Wang, and Sheng Jiang

Research on Optimal Adhesion Control of High-Speed Train Based
on Extremum Seeking Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435

Zhen Shen, Song Wang, Xiaobo Wu, Guangquan Zhang, Conglei Song,
Fenghe Zheng, and Yikun Yang

Research on Requirement Management of Railway Vehicle Design Based
on MBSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447

Minghui Sun, Haifang Wang, Huijun Liu, Kuanxin Li, and Chaobao He

A Safe Vision Method for Train Positioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 458
Ye Sun, Mushan Liao, Ming Chai, Hongjie Liu, and Dong Yang

Analysis on Electrical Characteristics of Interconnected Power Supply
System of Traction Substation Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466

Dushuo Han, Fan Wang, Guangquan Zhang, Chao Wang,
Fenghe Zheng, and Zhen Shen



x Contents

Current Status and Development Trend of Experimental Verification
Technology of Traction Drive System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479

Chao Wang, Dushuo Han, Conglei Song, Junhong Tian, Fenghe Zheng,
Xiaobo Wu, Tong Wu, and Jing Zhou

Research of Integration and Simulation Technology for Multi-source
Heterogeneous Models of Trains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488

Yiming Lu, Jiaying Zhao, Siyu Liu, Haifang Wang, and Kuanxin Li

Design of CBTC Real-Time Simulation System Based on FPGA . . . . . . . . . . . . . 496
Fenghe Zheng, Qinggao Fu, Baojie Gao, Guangquan Zhang,
Junhong Tian, Jing Zhou, and Mingjun Sui

Digital Simulation Study of the Pantograph-Catenary . . . . . . . . . . . . . . . . . . . . . . . 509
Guangquan Zhang, Xiaobo Wu, Longqing Fan, Qinggao Fu,
Zhen Shen, Dushuo Han, and Tong Wu

An Electromagnetic Tri-Stable Energy Harvester for Freight Train
Condition Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 522

Yuan Zhang, Dilong Tu, Lei Zhu, Xiaowei Li, Rui Han, Yanzhe Wang,
and Jiaxing Guo

A Moving Obstacles Detection Method Based on Millimeter-Wave Radar . . . . . 529
Zelong Tang

Feasibility Analysis of RT-DETR in the Context of Foreign Object
Intrusion at Railway Boundaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 538

Xianhui Liu, Rui Huang, Jiali Cai, Xiangdong Yang, and Zhengyu Xie

A Review of Research Intrusion Monitoring Technology for Railway
Carrier Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 546

Jiali Cai, Xianhui Liu, Rui Huang, Xiangdong Huang, and Zhengyu Xie

Application of 10G Ethernet Communication in Train Autonomous
Control System of Urban Rail Transit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 555

Jiewei Du, Jianying Liang, Shaoqing Liu, Zhenchen Chang,
Dongxiao Jia, Mingming Liu, and Yanrong Xu

MBSE Development Process of Urban Rapid Train Based on DODAF . . . . . . . . 564
Haifang Wang, Juange Zhang, Huijun Liu, Jiaying Zhao, Xin Wang,
and Zhongchen Wu

Research on Evaluation Method for Autonomous Combat Effectiveness
of Unmanned Aerial Vehicle System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 572

Mingda Zhai, Hao Wang, Pinglang Yi, and Zhiqiang Long



Contents xi

Design of Train Traction System for EMU Based on MBSE . . . . . . . . . . . . . . . . . 581
Chaobao He, Kuanxin Li, and Minghui Sun

Adversarial Adaptation Based on Bidirectional Temporal Convolutional
Network for RUL Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 590

Jirui Guan, Yang Gao, Xiaoqing Cheng, Dexi Wang, Lianfu Wang,
and Xiangyu Ren

Vibration Analyze of High Speed Train Carriage During Special Running
Condition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 599

Tai Zhang

Research on Multi-AGV Task Allocation for Warehousing in Railway
Logistics Park Based on Improved CBBA Algorithm . . . . . . . . . . . . . . . . . . . . . . . 610

Dou Shuihai, Ding Jie, Wang Zhaohua, Li Yingxue, Wang Xiaofeng,
and Du Yanping

Vibration Characteristics of High-Speed Train Axle Box Bearing
with Raceway Defects Considering Track Irregularity . . . . . . . . . . . . . . . . . . . . . . . 619

Zhonghui Yin, Zhiwei Wang, and Weihua Zhang

Enabling Safety Guarantees of Urban Rail Transit: A New Digital Twin
Framework for Data-Model Driven Track Condition Diagnosis . . . . . . . . . . . . . . . 629

Yaoxiang Yu, Liang Guo, Kang Deng, Hongli Gao, and Biao Wang

Multi-scale Siamese Network for Few-Shot Fault Diagnosis of Bogie
Component . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 638

Liyun Zhang, Honghui Dong, Limin Jia, and Biao Wang

Methods and Indexes for Testing the Safety Status of Transportation
Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 647

Rui Huang, Xianhui Liu, Xiangdong Yang, Jiali Cai, and Zhengyu Xie

Fault Mechanism and System Structure of In-Transit Vehicles Safety
Condition Monitoring in Rail Transit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 656

Xiangdong Yang, Rui Huang, Xianhui Liu, Jiali Cai, and Zhengyu Xie

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 665


	 Contents

