
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

IEEE Catalog Number: 
ISBN: 

CFP24Z59-POD 
979-8-3503-7580-0 

2024 7th International Conference 
on Energy, Electrical and Power 
Engineering (CEEPE 2024) 
 

Yangzhou, China 
26-28 April 2024 

Pages 1-569 

1/3 



 
 
 
 
 
 
 
Copyright © 2024 by the Institute of Electrical and Electronics Engineers, Inc. 
All Rights Reserved 
 
Copyright and Reprint Permissions:  Abstracting is permitted with credit to the source.  
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private 
use of patrons those articles in this volume that carry a code at the bottom of the first 
page, provided the per-copy fee indicated in the code is paid through Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.   
 
For other copying, reprint or republication permission, write to IEEE Copyrights 
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ  08854.  All rights 
reserved.   
 
*** This is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version.  
 
 
IEEE Catalog Number:   CFP24Z59-POD 
ISBN (Print-On-Demand):  979-8-3503-7580-0 
ISBN (Online):   979-8-3503-7579-4 
                            
 
           
 
Additional Copies of This Publication Are Available From: 
 
Curran Associates, Inc 
57 Morehouse Lane 
Red Hook, NY  12571 USA 
Phone:  (845) 758-0400 
Fax:  (845) 758-2633 
E-mail: curran@proceedings.com 
Web:               www.proceedings.com 
 

 
 



 

iii 

 

2024 the 7th International Conference on 

Energy, Electrical and Power Engineering 

(CEEPE 2024) 

Table of Contents 

Preface ................................................................................................................................................... xxv 

Committees ..........................................................................................................................................xxvi 

 

Current Model and Control 

Experimental Analysis of Transformer Vibration Caused by Dynamic Stray Current ..................................................... 1 

Guoxing Wu, Guangyi Yu, Long Chen, Fan Zhang, Chengwei Zhang, Xiang Ren 

An Investigation of Zero-Sequence Current Suppression Strategy for AC Power Aging Topology ................................ 6 

Wenxia Jiang, Qingbin Tong, Lei Wang, Mingchao Zhou 

Analysis and Optimization of Current Injection Method for Mitigating the Voltage and Current Ripple of MMC-BESS

 ........................................................................................................................................................................................ 12 

Yongzheng Yu 

Engineering Evaluation Method for the Breaking Capacity of Circuit Breakers under Excessive DC Component of 

Short-circuit Current ....................................................................................................................................................... 19 

Shuaibing Wang, Zaixing Peng, Jiali Chen, Jiangang Ding, Peilong Chen, Yao Zhong, Shijian Zhu, Kui Xu 

Parameter Identification of J-A Modified Model of Fe-Based Amorphous Nanocrystalline Magnetic Materials Based 

on Improved Gray Wolf Algorithm ................................................................................................................................. 24 

Zeqing Qu, Shaolei Zhai, Ling Wei, Jianyun Pei, Yijun Gan, Can Ding 

Calculation Method and Influencing Factors of the Maximum Breaking Current of SF6 Circuit Breaker .................... 29 

Miao Liu, Minghao Li, Zihuan Teng, Wei Wang 

Voltage Stability Control and Measurement 

Optimization of the Electric Field Structure at the Isolation Sites of Environmentally Friendly Cabinets Based on the 

Polarity Effect of Uneven Electric Fields ....................................................................................................................... 34 

Yimin You, Lizhi Wang, Dongyun Dai, Yiwei Pan 

An Equivalent Method for Asymmetric Voltage Dips in Large Capacity Offshore Wind Farm ..................................... 41 

Qiuyun Li, Pupu Chao, Haohan Cui, Yonglin Jin, Shiyu Zhuo 



 

iv 

 

Optimization Strategy for Fast Charging Station Access to the Distribution Grid Based on Aggregated Access and 

Zone Governance ............................................................................................................................................................ 47 

Chunyan MA, Guanglin SHA, Xinwei CONG, Yunzhao WU, Lu LIU, Pengyu Jin, Yao ZHANG, Zhishuang Wang, 

Ning LIU 

A Comprehensive Review of Voltage Control Based on Active Distribution Network .................................................. 53 

Xiaojiu Ma, Fu Zhu, Jitao Niu, Yang Cui, Pei Pei, Yongqi Zhang, Liang Yuan, Yuting Zhao 

Active Power Shortage Assessment for Power System Considering Static Load Voltage Characteristics ..................... 59 

Zunlong Liu, Shuoshuo Tian, Huiyu Liu, Fang Shi, Hasan Md. Mehedi 

Transformer Status Monitoring and Data Analysis 

A Transformer Health State Assessment Method Based on Multi-Dimensional Deep Correlation Relationship Analysis

 ........................................................................................................................................................................................ 65 

Guoliang Zhang, Peng Zhang, Weishang Xia, Jinrui Gan, Shunli Lv, Long Chen, Xin Liu, Huan Ma, Jian Ge 

Research on Transformer Abnormal Data Pattern Detection Based on Improved Multidimensional Symbolic 

Aggregate Approximation Vector Representation Method ............................................................................................. 70 

Zhongyang Xu, Lei Zhang, Tianjiao Qiao, Hongzhi Su, Yu Liu, Guiqing Liu 

Graph-Based Prediction on the Available Capacity of 10kV Distribution Transformers for DGs Connection  ............ 80 

Zhenyi Wang, Ming Duan, Xuegang Lu, Jiayi Zhang, Daochun Gao, Xi Mo, Benxing Ge, Yachen Tang 

Research on the Characteristics of Discharge Light Signal in Transformer Oil Based on Fluorescent Fiber Optic 

Detection ......................................................................................................................................................................... 88 

Wei Wang, Xi Chen, Zhenyu Zhan, Zhongwei Li, Zhifei Yang, Shenghui Wang 

A Transformer Operation State Assessment Method Based on Virtual and Real Symbiotic Data of Power Grid and 

Transformer .................................................................................................................................................................... 94 

Peng Zhang, Guoliang Zhang, Weishang Xia, Jinrui Gan, Shunli Lv, Long Chen, Xin Liu, Huan Ma, Jian Ge 

Modeling and Verification of AC Impedance of Medium-frequency Transformer Considering Non-Current-carrying 

Conductor ....................................................................................................................................................................... 99 

Luyuan Song, Xinsheng Zhang, Rutian Wang, Guorun Yang, Cai Chen 

Research on Measurement Method for DC Bias State of Converter Transformer ....................................................... 106 

Hu Liu, Ning Mei, Zhe Wang, Shiya Zhao, Jiefeng Ding, Yunze Li 

Physicochemical and Dielectric Properties of Natural Ester Retrofilled Mineral Oil Transformer Liquid .................. 111 

Haoyong Song, Yuqing Chen, Qingdan Huang, Liu Yang, Tingyan Wang 

Research on AC Long Duration with Partial Discharge Test Method for ± 800 kV Converter Transformer ............... 116 

Xinbo Zhang, Jinzhou Xiong, Ruimin Yuan, Qiushi Zhang, Sijing He, Shenlin Yang, Guangchen Ma, Xuzhe Li 

Transformer Partial Discharge Location by Optimized Ultrasonic Propagation Path Search ...................................... 121 

Guang-Yu Shi, Kang Wang, Guo-Bin Wang, Xiao-Lin Xu 



 

v 

 

Transformer Control Model and Functional Analysis 

An Improved NLM Modulation Scheme for Modular Multilevel Converters ............................................................. 126 

Renxi Gong, Chuanmin Zheng, Yuan Xin, Hui Qin, Minchen Wang 

The Operation Control Strategy of Low-voltage AC/DC Distribution Platform Area Considering Voltage Deviation 

and Three-phase Imbalance .......................................................................................................................................... 132 

Yu Fu, Hujun Shi, Yongxiang Cai, Zujiang Liao, Xiaobing Xiao, Liwen Yu 

Challenges of SiC devices adopted in LCC resonant converters for high voltage X-ray generator applications ......... 141 

Ziyue Zhu, Chunying Gong, Haihong Qin, Haotian Xie 

Estimating and Comparing Region of Attractions of Grid-Tied Converters Based on Sum of Squares Programming 

 ...................................................................................................................................................................................... 147 

Yuexi Yang, Hanbin Zhang, Huanjin Yao, Yang Liu 

An MMC Model Predictive Control Strategy Based on Level Modulation ................................................................. 153 

Haoyu Chen 

Subsynchronous Oscillation Suppression of Grid-Forming Converter Connected to Low-Impedance Grid ................. 161 

Yunhui Huang, Zixuan Gong, Zhenyu He, Dong Wang, Jinrui Tang, Keliang Zhou 

Fault Diagnosis, Voltage Control, and Maintenance Strategies in High-Voltage Direct Current Systems 

Application of DC Current and Voltage Measurement Technology in High Voltage Flexible DC Transmission System

 ...................................................................................................................................................................................... 166 

Sunan Luo, Dongchao Liu, Senlin Zhao, Changling Yan 

Transient Voltage Suppression Strategy of New Energy System through Flexible DC Considering Multi-resource 

Cooperation .................................................................................................................................................................. 172 

Ying Wang, Cong Wang, Wei Wang, Wei Cui, Jing Ge, Peifu Zhang 

A Novel Low Ripple High Voltage DC Power Supply with Interleaved LCC Resonant Structure .............................. 178 

Shaowei Chen, Xinyang Zhou, Dong Li, Pengfei Xu, Xuan Jiang, Hua Wei, Hui Ouyang, Jiahao She, Jun Yang 

Low Power Loss Online Monitoring of High Voltage Cable Sheath Faults Based on Differential Current Principle ... 184 

Hongfa Li, Feng Gao, Shaobing Cheng, Min Xia, GuoLiang Qi, Weiliang Guan, Longfeng Lin, Jiehui Lian, 

Chaoxu Chen, Gang Liu 

Analysis of Overvoltage Faults in Offshore Wind Power Transmission Lines ............................................................ 189 

Dongxu Wang, Ying Song, Ziqiang Wang, Song Wang 

A Novel Servo-drive High Voltage Disconnector and the Mechanical State Evaluation Method ................................ 196 

Weixing Liao, Chuanyue Fu, Kaimin Huang, Kunjie Cao, Minghui Zhang, Zimo Liao 

Adaptive Harmonic Current Compensation Method for Wind Farm Integrated Hybrid HVDC System ..................... 202 

Haijun Wu, Shimin Di, Jihui Dong, Tengfei Zang, Pengfei Bao, Haotian Liu 



 

vi 

 

Thermodynamic Properties and Transport Coefficients of SF6-N2 Arc Plasma ........................................................... 208 

Xin Li, Peilong Chen, Shijian Zhu, Zeyu Ouyang, Yao Zhong, Dibo Wang, Guanyu Wang 

On the Speed of Arc Cooling in Air and SF6 ................................................................................................................ 214 

Kaiyuan Zhang, Jiudun Yan, Rui Cao, Hao Sun 

Total Electric Field on Buildings Adjacent to HVDC Transmission Lines .................................................................. 219 

Kun He, Li Xie, Bo Chen, Jiayu Lu 

Inverter Structure Design and Control 

Improved Control Strategy of VSG Inverter in Unbalanced Power Network .............................................................. 225 

Shuo Liu, Chuxiang Feng, Qidi Wang, Yizhe Li, Guanfu Wang, Yudie Sun 

A Hybrid Modulation Fault-Tolerant Control Method for CHB Inverters ................................................................... 231 

Zewen Li, Tianzhen Wang, Fan Zhang 

Interaction Effect Laws among Multiple L-Based Grid-Connected Inverters in the Weak Power Grid ....................... 236 

Shuxian Fan, Zhihao Yun, Yuanqi Wang 

High-Frequency Characterization of Space Vector Pulse-Width Modulated SiC MOSFET Three-Phase Inverters .... 242 

Pengfei Lu, Jiahao Deng, Xiangqi Qiu, Song Wei 

A Seamless Transfer Control Strategy for Three-phase Grid-tied Inverters Switching Between Current Control Mode 

and VSG Mode ............................................................................................................................................................. 248 

Limin Yang, Fangtao Fan, Kedong Luan, Ming Lei 

A Hybrid Soft-start and Power Balance Control Method Based on the Multiple Cascaded Dual Active Bridge DC 

Energy Storage Converter ............................................................................................................................................. 253 

Shulin Cai, Siyu Shao, Xinyu Yang, Beibei Jia, Peiyuan Cheng, Qiang Zhang 

A Review of Coupling and Interaction Studies of Grid-Forming Converters Based on Transient Stability ................ 259 

Zhen Tang, Shuo Wang, Yang Cui, Xueting Cheng, Yuting Zhao 

Design of Adaptive Backstepping Control with Observer for Islanded inverter .......................................................... 266 

Xinhua Zhao, Xiugao Pei, Tingli Yan, Huiyong Jia 

Insulation Materials and Equipment Function Simulation 

Near Infrared Spectral Feature Selection via Symbiotic Organisms Search for Non-destructive DP Assessment of 

Insulating Paper ............................................................................................................................................................ 272 

Xinran Qin, Lei Zhang, Liangyuan Chen, Rui Li, Yuan Ma 

Simulation of the Short Circuit of the Insulated Tubular Busbars in High Voltage Test Room .................................... 277 

Xiaojun Yu, Di Shang, Lei Zhao, Chen He, Hualiang Li, Mingli Jiang 

Study on Self-Healing RTV Composite Coating Material and Its Properties for Antifouling Flashover of High-Voltage 

Insulators ...................................................................................................................................................................... 283 

Wenqing Yang, Potao Sun, Wenxia Sima, Ming Yang, Tao Yuan, Zhaoping Li, Gang Li, Xiaolin Zhao 



 

vii 

 

Characterization of Partial Discharge of Metal Particles Inside Gas-Insulated Switchgear under Excitation of 

Disconnecting Switch Operating Overvoltage ............................................................................................................. 288 

Rong Chen, Chun He, Songyuan Li, Nan Li, Liming Zhang, Dong Liu, Xiaolong Zhang 

Self-Healing Epoxy Resins Based on Microfluidic Synthesis of Microcapsules for Electrical Device ....................... 293 

Zhaoping Li, Potao Sun, Wenxia Sima, Ming Yang, Tao Yuan, Wenqing Yang, Gang Li, Xiaolin Zhao 

Dry Air Decomposition Component Detection and Defect Identification .................................................................... 298 

Tianyun Li 

Study on Partial Discharge Characteristics of Oil-paper Insulation Modified by C60 Nanoparticles ........................... 304 

Ziwei Zhu, Ganhua Shen, Yunlong Sun, Changhai Sun, Hu Yan, Xi Liu 

Study of the Dielectric Strength of SF6–N2 Mixtures at elevated temperatures ........................................................... 311 

Yao Zhong, Weihong Yang, Kui Xu, Peilong Chen, Xin Li, Yuyang Yao 

Accelerated thermal aging of three-core power cable thermal aging rule and mechanism of typical insulating materials

 ...................................................................................................................................................................................... 316 

Chengqian Du, Wei Wang, Shicheng Gao, Jintao Tan 

Enhanced High-Temperature Energy Storage Performance of Polyetherimide through Maleimide Self-Crosslinking

 ...................................................................................................................................................................................... 324 

Mingcong Yang, Shixun Hu, Qi Li 

Monitoring and Protection of Transmission Line Status 

A Calculation Method for the Lightning Flashover Rate of 10 kv Overhead Line Considering the Influence of Nearby 

Buildings ....................................................................................................................................................................... 329 

Ting Lei, Haibin Shen, Xia Zhao, Tiantian Lu 

Simulation Study of Detection of Metal Particles in GIL Based on Ultrasonic Guided Wave ..................................... 335 

Chunbo Liu, Chunming Zhao, Saipeng Zhang, Qunying Yu, Daiyong Yang, Dan Liu, Haoou Ruan 

Probability Prediction of Overhead Transmission Line DLR Based on EMD-XGBoost-MKDE ................................ 340 

Bin Xu, Ren Liu, Weining Xu, Shuai Wang, JiaJia Teng, Jiale Ye 

Control Strategy of Modular Multilevel Matrix Converter for Low Frequency Transmission System under Unbalanced 

Grid Conditions ............................................................................................................................................................ 346 

Qian Zhou, Qun Li, Dandan Zhu, Bingcheng Cen 

A New GIS Based Material Estimation Method of Out-Building Transmission Construction at Low-Voltage 

Distribution Grid for Supplying New Power Consuming Capacity ............................................................................. 352 

Hao Lin, Peixiang Lin, Fengrui Chang, Xiaowen Chen, Qifan Yang, Xiangang Peng, Fangyuan Xu 

Capture Effect of Internal Pull-hole Particle Trap in DC GIL ...................................................................................... 359 

Yongfeng Hui, Sanpai Ye, Yi Yang, Enyang Xing, Xiangwei Li, Yongning Ji 



 

viii 

 

Parameter Optimization of Grading and Shielding Devices for 500kV Composite Cross-Arm Tower Based on Particle 

Swarm Optimization ..................................................................................................................................................... 366 

Zihao Yu, Jiyu Bi, Daochun Huang, Yuning Zhang, Xiangxi Yu 

Analysis of Low Voltage AC Transmission System with Simultaneous Bi-directional Transmission of AC Power and 

Signal ............................................................................................................................................................................ 373 

Jianfeng Jiang, Zekun Wang, Pengyu An, Zhihang Song, Yihe Shen, Siwen Ye, Xijun Yang, Jiangdong Mu 

Optimized Design of Active Particle Traps for Gas Insulated Transmission Line ....................................................... 378 

Qi Fang, Peng Lu, Chunyue Yang, Lei Wang, Xu Liu, Siteng Liu, Xiangxu Sui, Kai Xu, Wei Jing 

New Motor Design and System Simulation 

Aviation Fuel Pump Flow Control based Permanent Magnet Synchronous Motor DC-Link current Sampling .......... 384 

Tiantian He, Ruiqing Ma, Chengzhuo Hu, Bo Chen, Yang Zhou, Jingzhi Liang 

Sensorless Control of IPMSM in Full Speed Range ..................................................................................................... 390 

Guanghao Gu, Dejun Yin 

Arrangement of Mixed-pitch Winding of Vehicle Flat Wire Motor and Calculation Method of its Winding Factor ... 396 

Xiaoxiao Su, Jian Luo, Qingjiang Han, Zhihui Jin 

Speed Sensorless Method of Bearingless Synchronous Reluctance Motor Based on WOA-Elman Neural Network ... 402 

Enxiang Xu, Ruijie Zhao 

Design and Development of New Generators 

Load Current Feedforward for Voltage Stabilization Control in Extended Range Generator Sets Based on Sliding 

Mode Observer ............................................................................................................................................................. 409 

Zhixu Wen, Zhiwei Luo, Jinbo Yang, Hongzhi Zhao 

The Electromagnetic Design of Generator Aiming at Fractional Frequency Transmission System Sending Hydropower

 ...................................................................................................................................................................................... 416 

Jiangxin Wu, Xiuli Wang, Yuanyuan Zhang, Zihao Sha, Jizhi Han, Haitao Zhang 

Transient Operation Characteristics and Optimal Control Method of Multi-Virtual Synchronous Generators System 

Under Three-Phase Short Circuit Fault......................................................................................................................... 422 

Hu Chen, Chang Yuan, Ruiye Zhang, Jiacheng Guo, Xiangyu Xue, Xuejian Li 

A Novel Method for Mitigating the SSO of DFIG Based on Active Disturbance Rejection Controller ...................... 428 

Su An, Chao Luo, Qingxin Pu, Qinfeng Ma, Mingshun Liu, Lingzi Zhu 

Substation Management and Operation 

Short-Term Load Forecasting for A Power Supplying District Based on CEEMDAN-WPE-LSTM-Stacking Methods

 ...................................................................................................................................................................................... 436 

Haifeng Liang, Guofeng Li, Li Xu, Xiangxiang Liu, Qiang Liu 



 

ix 

 

Unified Classification and Naming of Equipment Based on Substation Topological Graph Model ............................ 442 

Xuegang Lu, Yachen Tang, Yigong Xie, Guangyi Liu, Bin Hu, Li Lin, Zhenyi Wang 

LLA:Line Loss Anomalies Detection of Substation Areas Based on BACC Dual-Channel ........................................ 448 

Chengfei Qi, Xinxia Peng, Yachao Wang, Wenwen Li, Chenwei Ren, Peisen Yuan 

The analysis and research of the programming operation based on substation equipment status ................................ 454 

Guangming Li, Yan Sun, Lianrong Pan, Cuiyun Luo, Qiuquan Deng, Daiyu Xie, Yin Wu, Yipeng Wu 

Fault Localization and Diagnosis of Power System 

Wavelet Threshold Denoising Based Fault Line Detection Method for DC Systems .................................................. 459 

Can Ding, Fei Wang, Pengcheng Ma, Changhua Jiang 

Bridge-Type Hybrid DC Circuit Breaker With Multiple Ports for Multiterminal Flexible DC Grid ........................... 464 

Shuo Zhang, Guibin Zou, Chengquan Zhang, Xuhui Wen 

A Fault Diagnosis Approach for Triplex Pump Based on Digital Twin and Ensemble Learning ................................. 469 

Lidan Chen, Zijie Zhang, Tian Qi 

Research on Mechanical Fault Diagnosis Method of Circuit Breakers Based on Fusion of Multi-Source Signal Data

 ...................................................................................................................................................................................... 477 

Xiaomin Zhao, Simeng Lv, Xin Guan, Wenkui Liu, Haoyuan Wang, Xiao Li, Chaoyang Ma, Yaopeng Lu 

Research on the Anti-fault Diffusion Design of Spacecraft Harness ............................................................................ 485 

Xuyang Du, Beifei Sheng, Xiaoting Zhu, Ran Bi, Rui Hou, Fengping He, Shizhuo Sun, Shuo Jiang 

Research on Fault Diagnosis of Photovoltaic Array Based on Virtual Sample Generation Algorithm ........................ 490 

Xin Yuan, Fan Deng, Xuesen Han 

Transformer Fault Diagnosis Based on Adversarial Generative Networks and Deep Stacked Autoencoder ............... 496 

Lei Zhang, Zhongyang Xu, Tianjiao Qiao, Chen Lu, Hongzhi Su, Yazhou Luo 

A Novel Deep Neural Network Framework for State Evaluation and Fault Diagnosis in Distribution Station ........... 505 

Xinping Wang, Chunpeng Li, Hao Zhang, Tianze Zhu 

Transient signal reconstruction method for single-phase grounding fault based on compressed sensing .................... 511 

Jianbin Ci, You Yu, Tao Li, Zhenting Sun, Jingfu Tian, Ming Dong, Qiang Ma, Shiming Wang 

Research on Breaking Performance of Large-capacity Circuit Breakers with Different Current Levels ..................... 518 

Guoli Wang, Jungang Wang, Chao Gao, Fusheng Zhou, Yun Yang, Yao Zheng, Shizhe Chen 

Fault Detection and Model Analysis 

A Novel Training and Testing Platform for HIF Artificial Intelligence Detection ....................................................... 523 

Ruixi Shen, Dingming Zhuo, Yucong Ye, Hao Bai, Siwei Guo, Jiangfeng Huang 



 

x 

 

SF6 Decomposition Gas Detection in Oxygen-Free Environment by Semiconductor Sensor Array ............................ 529 

Youpeng Zhang, Qiongyuan Wang, Xuxu Li, Fan Yang, Jinxi Hu, Hang Zhang, Guanglei Sun, Hang Jia, Jiyuan 

Xu, Jifeng Chu 

Transformer Life Prediction Based on Failure Probability and Health Index .............................................................. 534 

Ziling Wang, Wenhao Ma, Zhenyu Ma, Weijian Chai, Jingzhe Yu 

Improved Multiport Hybrid DC Circuit Breaker for Multiple Fault Isolation in Multi-Terminal DC Grid ................. 539 

Shuo Zhang, Guibin Zou, Chengquan Zhang, Xuhui Wen 

High Impedance Fault Detection Method Based on Multi-source Information Fusion and CNN................................ 544 

Wenqi Chen, Shengtao Liao, Baoqi Xu, Hao Bai, Guoliang Guan, Minghao Yao 

An Overview of Multifunctional Saturated Core Fault Current Limiter: Towards the Application of Better Operational 

Efficiency ...................................................................................................................................................................... 550 

Hualin Lv, Jun Wu, Jia Chen, Jiawei Liu, Jiaxin Yuan, Yu Liu 

A Two-Stage Data-Driven Method to Identify Blade Faults for Wind Turbines Using Vibration Data ....................... 557 

Yongfu Yang, Yanxi Lyu, Yuetong Li, Lurui Fang, Yanqiu Luo, Wei Liu 

Fault Reconstruction of Electric-Gas Interconnection System Based on Second-Order Cone ..................................... 564 

Bing Yu, Yue Peng, Gang Yang, Zhongshan Shao, Chao Luo, Donghai Luo, Xufeng Yuan 

Air-Discharge Decomposition Gases Detected by Sensor Array with Depthwise Separable Convolution .................. 570 

Xing Liu, Fan Sun, Feng Jing, Xiuli Lu, Lihua Liu, Xiao Liu, Jifeng Chu, Aijun Yang 

Fault Ride-through Control Strategy Based on Wind Farm Energy Storage MMC ..................................................... 576 

Chao Xing, Jiajie Xiao, Peiqiang Li, Xinze XI, Qi Guo 

A Short-Circuit Current Analysis Method for Whole Fault Ride-Through Process of Full-Power Wind Turbines...... 583 

Jiaan Xiao, Qichao Chen, Haohan Cui, Pupu Chao, Weixing Li 

Maintenance Evaluation of Power Grid Fault Equipment Based on Random Forest ................................................... 589 

Wenzhong Zou, Lingzi Wang, Haibo Shen, Jingxuan Zhang, Gaofeng Zhang, Kai Xie 

Fault Section Identification of Distribution Network based on 2D-CNN-LSTM and Information Fusion .................. 594 

Miaomiao Zhou, Mengshi Li, Qinghua Wu 

Coordinated Distributed Service Restoration Strategy for Interconnected Distribution Networks under Main 

Transformer Fault ......................................................................................................................................................... 600 

Zufeng Hou, Ruifeng Zhao, Chao Wang, Jiangang Lu, Kaiyan Pan, Anying Cao, Haixin Liu 

Electrical Control and Automation 

No-load Control Strategy of Three-Phase Interleaved LLC Based on Phase-Shedding ............................................... 606 

Jian Gong, Yan Zhang 



 

xi 

 

Real-Time Coordinated Control of Hybrid Energy Storage Systems for Floating Offshore Wind Turbine Power 

Quality Mitigation ........................................................................................................................................................ 612 

Lingte Chen, Jin Yang, Chengwei Lou 

Fiber Optic Interferometric GIS Partial Discharge Ultrasonic Sensing Based on Dual Loop Feedback ...................... 620 

Nan Li, Rong Chen, Xiaolong Zhang, Songyuan Li, Xiaopeng Wang 

A Two-Channel Damping Control Strategy for Suppressing Sub/Supersynchronous Oscillations in Direct-Drive Wind 

Urbine Grid-Connected Systems .................................................................................................................................. 624 

Tinghua Zhu, Kunli Guo, Weizheng Cai, Bohao Li, Yang Bai, Beilei Ren, Chenming Qu, Hang Li 

A New Adaptive Proportional Resonant Control Strategy for Single-Phase SVG in Frequency Varying Applications

 ...................................................................................................................................................................................... 630 

Xinhao Zhang, Ying Pang 

3-Tank System Liquid Level Control Using Improved African Vulture Optimization Algorithm ............................... 635 

Xiaobo Chen, Guifeng Wu, Wenwei Qiao, Jiwei Fang, Muzhou Jiang, Pantao Ding 

Distribution Network and Key Technologies 

A Method for Enhancing the Resilience of Active Distribution Networks Based on Island Generation ...................... 642 

Xiaotong Xu, Tianguang Lu, Qinzheng Wu, Hao Liu, Xinning Yi, Lei Shi, Haibin Zeng 

Research on Distribution Network Balancing Group Division Method for Wide Area Balancing Demand .................. 647 

Yanyan Cui, Weifang Lin, Shuili Yang, Ninghui Han 

Research on Topology Identification Method for Historical Data of Flexible Interconnected Distribution Network with 

SOPs ............................................................................................................................................................................. 653 

Yixuan Li, Li Ma, Wei Pei, Debo Yang, Changwei Zhao, Zhenning Fan 

Consider the planning of DG and EV integration into the distribution network .......................................................... 661 

Qi Zhang, Yalei Zhang 

Research on Loop Closure and Load Transfer in Distribution Networks Based on Single-Core Asymmetric 

Phase-Shifting Transformer .......................................................................................................................................... 668 

Ran Chen, Peng Zhang, Wei Bao, Yun Wan, Yao Zhao 

Research on the Collaborative Restoration Strategy of Distribution-Transportation Network Coupling under 

Earthquake Disasters .................................................................................................................................................... 674 

Shujian Huang, Shihao Yang, Jingtang Liang, Huanshen Zhang, Yongxiang Xie, Licheng Shi, Yimin Su, Yingshan 

Tao 

Identification of Key Nodes in Active Distribution Networks based on Power Composition Analysis ....................... 680 

Dengzheng Wang, Ziqi Wang, Liu Han, Junfei Wu, Songlin Gu, Zhihong Xiao, Xingle Gao, Teng Feng 

A comprehensive evaluation system and evaluation method for the adaptability of low-voltage AC-DC hybrid 

distribution network ...................................................................................................................................................... 685 

Yue Li, Yu Fu, Yongxiang Cai, Changbao Guan, Yang Fang, Jian Zhi 



 

xii 

 

Optimal dispatching strategy of distribution network considering the cooperation of reversing switch and flexible 

interconnection equipment............................................................................................................................................ 694 

Zhiyang Yao, Yingquan Ye, Weidong Chen, Leping Sun 

A Multi-Machine Equivalent Modeling Method of T-Connected Inverter-Interfaced Distributed Generation Suitable 

for Protection Setting Calculation of Distribution Network ......................................................................................... 700 

Jiaojiao Wang, Feng Wang, Jia Zhu, Juntao Zhou 

A Systematic Procedure for Topological Path Identification with Raw Data Transformation in Electrical Distribution 

Networks ....................................................................................................................................................................... 707 

Maurizio Vassallo, Alireza Bahmanyar, Laurine Duchesne, Adrien Leerschool, Simon Gerard, Thomas Wehenkel, 

Damien Ernst 

A Comprehensive Review of Active Distribution Grid Research: Coordinated Dispatch of Generation, Grid, Load and 

Storage .......................................................................................................................................................................... 716 

Jinggang Wang, Yongqi Zhang, Qi Chen, Yang Cui, Xiaodong Chen, Yuting Zhao, Jingyang Ping, Yuting Zhao 

Distribution network reconfiguration based on optimal flow pattern method .............................................................. 722 

Yalei Zhang, Qi Zhang 

Distribution Network Low-Carbon Scheduling Strategy Based on Nodal Carbon Potential ....................................... 729 

Haichao Chen, Yuechi Liu, Xuanyao Luo, Xiangchen Jiang, Xingxing Liao, Zhihao Ya, Huachang Li, Haitang 

Han 

Computation Tasks Offloading Method for Digital Distribution Networks Based on Edge-Edge Collaboration ........ 734 

Tong Liu, Rong Zeng, Ruifeng Zhang, Min Xu, Hengrong Zhang, Yu Fu, Peng Wu, Chaoming Huang 

A Two Stage Adjustable Robust Optimization Strategy for Active Distribution Networks ......................................... 741 

Shuning Wu, Wanxing Sheng, Dongli Jia, Zhao Li 

Cause Identification Method of Power Quality Problems in Low-voltage Distribution Network Based on Multi-label 

Scene Division .............................................................................................................................................................. 747 

Weidong Chen, Zhiyang Yao, Min Guo, Yingquan Ye, Leping Sun 

The Temporal Random Scene Generation Method Considering Source-Load Correlation .......................................... 753 

Hao Zhou, Lucheng Hong, Hui Liu, Jie Gu, Zihan Zhu, Xiaofeng Ren 

Smart Grid Control Model and System Evaluation 

Node Coupling Degree Based Defense Strategy Against Continuous Cyber Attack on Power Grid ........................... 759 

Yunhao Yu, Boda Zhang, Chameiling Di, Fuhua Luo, Chengdong Jiang, Bin Zhu 

Multi-resource Cooperative Emergency Power Restoration Strategy Considering the Coupling of Urban Road 

Networks and Distribution Networks ........................................................................................................................... 764 

Ruifeng Zhao, Jiangang Lu, Yizhe Chen, Ming Li, Chengzhi Wei, Junhao Li 



 

xiii 

 

Automatic Generation and Optimization of Power Grid Operation Modes Based on Production Simulation Calculation 

Results .......................................................................................................................................................................... 771 

Xin Zhang, Xianghong Tao, Peng Kong, Yi Wang, Hongfu Wang, Haishun Zhang 

D-Q Small-Signal Admittance Modelling of Power Grid ............................................................................................. 778 

Ming Li, Jizhi Han, Zheng Zhao, Linzhen Fan, Zihao Sha, Haitao Zhang, Xiong Wu 

Graph Convolutional Network-Based Multi-harmonic Source Localization Method Without the Need for Synchronous 

Measurement Data ........................................................................................................................................................ 784 

Yuanzhe Zhu, Ling Wang, Wanlin Du, Hong Lv, Jinfeng Wang 

Energy storage capacity optimization allocation method based on improved Transformer ......................................... 791 

Xiaoyong Yu, Lifang Wu, Biyun Zhang, Liwen Qin 

Abnormal event occurrence time and region detection method based on random matrix theory ................................. 797 

Mingquan Tu, Junjie Lin, Haoyu Chen 

Electric Vehicles and Power Supply Equipment Configuration 

Charging Load Forecasting of Electric Vehicles Considering User’s Bounded Rationality ......................................... 803 

Jie Jiang, Tao Jia, Xiaofeng Qi, Junyi Yang, Jian Peng 

Polytope-Based Aggregation of Electric Vehicles for Day-Ahead Bi-Level Scheduling of Active Distribution Network 

Considering Uncertainties ............................................................................................................................................ 808 

Jiangang Lu, Jie Zhu, Ruifeng Zhao, Wenxin Guo, Yinliang Xu, Chenhui Lin 

Synergistic Optimization Strategy Considering the Integration of Electric Vehicles and Renewable Energy into the 

Grid ............................................................................................................................................................................... 813 

Shicheng Zheng, Wenlong Wu, Jiahong Lang, Jinyu Li, Hongbin Wu, Yuting Hua 

Optimization Scheduling of Distribution-Side Multi-Microgrid Alliances with the Participation of Electric Vehicle 

Shared Energy Storage ................................................................................................................................................. 819 

Xinkai Feng, Ruofa Cheng, Tianci Wei, Lijun Tong 

Incentivizing EVs to Participate in V2B Interactions using the Stackelberg Game ..................................................... 825 

Zixuan Wei, Chan, Wai Kin (Victor), Yi Zhang, Yinliang Xu, Linwei Sang, Rongtao Ye 

Research on the Scheduling Strategy of Cluster Electric Vehicle Aggregator under the Dual Mechanism of time-of-use 

Electricity Price and Peak Shaving Auxiliary Service .................................................................................................. 833 

Yikun Chu, Peng Wang, Haili Wang, Li Xin 

Research on modeling and simulation of pure electric vehicle .................................................................................... 839 

Jieyu Wang, Kaige Zhang 

Intelligent Electric Vehicle Charging Strategy Considering V2H Based On PPO Algorithm ...................................... 845 

Yongsheng Lv, Xiaoyu Zhang, Chaoxu Mu 

Research on Optimal Operation of Vehicle-Network Interaction Based on Master-Slave Game Theory .................... 850 

Shicheng Zheng, Shuchen Guo, Jiahong Lang, Jinyu Li, Hongbin Wu, Yuting Hua 



 

xiv 

 

Power System Status Monitoring and Maintenance 

Review of Power Island Research in New Power Systems .......................................................................................... 856 

Xiangqiang He, Weixing Zhao, Fei Cao, QinFeng Ma, Mingshun Liu, Hai Qin, Qingxin Pu, Hao Wang 

An Adaptive LMS-Based Dynamic Frequency Estimation Method for Power Systems with Uncertain Noise ........... 862 

Haotian Ma, Wanxing Sheng, Keyan Liu, Xueshun Ye 

Flexible Scheduling Strategy Based on Situation Awareness Technology under Extreme Weather Events ................. 868 

Shuhao Liang, Suhua Lou, Xun Yao, Zheng Lin, Xinrui Xiong 

Risk Warning of Power Grid Congestion Events Based on Probabilistic Power Flow ................................................ 874 

Haoran Zhang, Jilin Chen, Zeyu Mu, Qinxin Li, Peidong Xu, Jun Zhang 

A DG Penetration Capacity Evaluation Method for Low-Voltage Distribution Area With Hybrid Distribution 

Transformer .................................................................................................................................................................. 880 

Tingmo Zhou, Yigao Qu, Ming Ma, Hui Huang, Qiufeng She, Man Guo, Jiacheng Guo 

Frequency Control Strategy Based on Improved Coordination of Overspeed and Pitch Control ................................ 886 

Dandan Zhu, Qun Li, Qian Zhou, Chenggen Wang 

Load Prediction and Simulation Calculation in Electrical Systems and Equipment 

A Multi-energy Microgrid Solution Integrating Low-Voltage DC Power Supply Technology .................................... 891 

Ling Wang, Liang Gao, Dongqun Xiao, Yaozhou Ma 

IES Load Forecasting Considering Multifaceted Load Coupling Characteristics ........................................................ 896 

Xinnan Yu, Yunjing Liu, Rao Fu, Yuxuan Zeng, Jinxin Wang 

Coordinating Air Conditioning Load Clusters to Provide Frequency Regulation Using Setpoint Changes ................... 905 

Lingjun Su, Ruike Lyu, Hongye Guo, Yuanji Cai, Qixin Chen 

Study on Load Provided Short-Circuit Current to the Main Power Grid Based on the Electromagnetic Transient 

Simulation ..................................................................................................................................................................... 911 

Wei Fan, Bingying Lin, Yu Liu, Deyang Chen, Yingjie Qin, Lu Miao, Xinwei Wang 

Capacity Planning of the Hybrid Energy Storage System Based on Load Prediction with Confidence Interval ......... 918 

Haihong Bian, Shan Peng, Yun Fu, Chuanren Yi 

Short-Term Load Forecasting Method using WaveNet based on Optimized Variational Mode Decomposition .......... 925 

Xiaofeng Yang, Shousheng Zhao, Kangyi Li, Qiang Fan, Yuan Huang, Daiming Zhou, Zeshi Xu 

Research on the Method of Improving the Accuracy of Calculation of Power Flow in Western Mongolia................... 931 

Hongbo Li, Jianguo Shi, Shun Yao, Chen Zhang, Jun Liu, Ye Zhang, Xiaoxin Sun 

A Parallelized Clustering Method for High-dimensional Power Multilevel Data Resources in load changes Mode ... 935 

Guoliang Qian, Jiahui Zhang, Zilong Deng, Qinbin Huang, Leijian Hu 



 

xv 

 

Research on Renewable Energy Consumption Evaluation Method Considering the Charging Load of Pure Electric 

Ships ............................................................................................................................................................................. 942 

Jingyi Lin, Ling Cheng, Yi Lin, Shaojiang Wu, Huaqi Ye, Ning Gao 

Physics-Informed Neural Network for Parameter identification of Air Conditioning Load Models ............................ 948 

Xiao Luo, Yifei Wang, Qing Zhu, Hanyang Liu, Shuhong Wang, Minghe Wu 

Analysis of Intrinsic Privacy of Load Data from the Perspective of Users with Different Social Attributes ................. 954 

Zehao Song, Zhiyi Li 

Optimization Configuration of Wind Photovoltaic Hydrogen Storage System Capacity Considering Load Distribution

 ...................................................................................................................................................................................... 962 

Xiaofeng Wu, Guozhong Liu, Zhicong Huang 

Short-Term Load Forecasting Technology with Distributed Energy Timing Uncertainty ............................................ 969 

Jiangong Ma, Qing Li, Ming Li, Yaxar•Turgun, Qiang Di 

A Review of Research on Source-Load Operation Scenarios and Optimal Scheduling Considering Load 

Characteristics .............................................................................................................................................................. 976 

Yang Liu, Jiayi Chen, Haitao Liu, Hanlong Xun 

Research on the Key Mechanism of Energy Storage Adjustable Load Participating in Power Grid Regulation ......... 983 

Yun Li, Tunan Chen, Yilun She, Wei Liao, Chaoping Liu, Min Xie 

Power Load Curve Clustering Based on IGWO-Kmedoids ......................................................................................... 989 

Weifeng Zhang, Binfeng Wu, Xinyi Zhao, Jing Xu, Yihan Zhang, Pingping Wu, Li Wang, Xi Chen 

Non-invasive load Decomposition Method of 3DU-net Based on Multi-task and BiLSTM ........................................ 995 

Haihong Bian, Chuanren Yi, Zhiyuan Zhang, Quance Ren 

Adaptive Load Management Scheme for Mission-critical Distribution Networks .................................................... 1003 

Hai Huang, Guangzuo Yu, Xin Wang, Hai-An Zhu 

Analysis of False Data Injection Attacks on the Power System's Spinning Reserves ................................................ 1011 

Changwen Zhang, Xiaohong Ran, Jing Wang, Haofeng Liu, Kaipei Liu, Liang Qin 

Power System Operation and Control 

Local Compensation Control Strategy of Power System with High Proportion of Renewable Energy in Unstability 

Events ......................................................................................................................................................................... 1016 

Mosi Liu, Zhiyuan Sun, Jinzhao Li, Kun Zheng 

Research on Electric-Carbon Coupling and Conduction Authentication Key Technology Based on Blockchain ...... 1022 

Shaodong Zhao, Zhiwei Huang, Zhihong Li, Qi Li, Yachen Tang 

Key Technologies of Power Grid Auxiliary Decision-Making Based on Artificial Intelligence ................................ 1028 

Zhizhong Li, Kun Zhang, Shengmin Qiu, Xiaogang Wu, Xingwang Chen 



 

xvi 

 

Prediction of Power System Frequency Stability Following Disturbance based on 2D-PCA and CNN .................... 1033 

Shuoshuo Tian, Zunlong Liu, Huiyu Liu, Fang Shi 

Research on Emergency Control Strategy for Transient Instability of Power System Based on Deep Reinforcement 

Learning and Graph Attention Network ..................................................................................................................... 1040 

Ruitao YE, Dan ZHANG, Runze CHEN, Zonghan LI, Long PENG, Yanhong JIANG 

Optimization Study on Piezoelectric Energy Harvesting Interface Circuit ................................................................ 1049 

Ruojun Yu, Shengwen Shu, Bizhen Zhang, Bingyan Jin, Yongling Lu, Zhen Wang 

Development status and technical challenges of new low-carbon technologies for power systems under the 

dual-carbon goal ......................................................................................................................................................... 1054 

Wanshui Yu, Chao Liu, Wenjing Chen, Haotian Zhang, Yuanqi Yu, Danni Wang, Fanshuo Wei 

Active Splitting Control of Power System with High Proportion of Renewable Energy under Extreme Events ....... 1058 

Mosi Liu, Zhiyuan Sun, Jinzhao Li, Kun Zheng 

Optimal Economic Dispatching Approach of Electrolyzers to Participate in Power Regulation Service Based on 

Two-stage Stochastic Programming ........................................................................................................................... 1063 

Aijun Chen, Jinyong Lei, Jun Pan, Pengfei Zhang 

Power Electronic Systems and Electrical Performance Analysis 

Multi-physical Field Model and Measurement Accuracy Error Analysis for DC GIS Resistor-capacitor Voltage 

Dividers ...................................................................................................................................................................... 1068 

Yunwei Zuo, Hao Sun, Yutong Ding, Jianqiao Xiao, Yang Lu 

Impedance-Based Instability Participation Analysis for DC Distribution Systems .................................................... 1074 

Jianbiao Li, Yong Chen, Jianfu Chen, Hongyuan Wu, Ruixiong Yang, Xingyu Pei, Xu Cheng, Pengwei Chen 

An Isolated Power Supply Design with Multi-Mode Function .................................................................................. 1079 

Wanyu Yang, Zhenming Qu, Xing Zheng, Bo Chen, Yang Yang 

Three-Dimensional Electric Field Analysis of Isolating Switch in 252kV SF6/N2 Mixed Gas GIS ........................... 1084 

Ying Zhang, Dibo Wang, Mingwei Wang, Zhe Liu, Peilong Chen, Zhoujing Wang 

Charging Circuit Design And Efficiency Analysis For Magnet Coils ........................................................................ 1089 

Yiwen Chen, Tianyu Zhang, Tao Luo, Yuanyuan Li, Zheng Lei, Jia Song, Dezheng Zhang, Fengzhang Luo 

Surface Flashover Mechanism of Alumina Ceramics in High Temperature Cesium Vapor ....................................... 1094 

Junning Wang, Wuye Zhong, Huazhen Lei, Ru Ma 

Research on measuring magnetic field around 10kV cable based on three-split magnetic core ................................ 1101 

Zhe Hou, Sen Teng, Wenqiang Dang, Xiahaoyue Yun, Zeli Ju, Yang You, Zixiong Cai 

Research on Magnetic Field Imaging Method of Grounding Grid ............................................................................. 1107 

Yunze Li, Zhi Wang, Qinfeng Liu, Ke Liu, Jing Li, Jiaju Lin 



 

xvii 

 

Motion Stability Analysis of Grid-connected VSC Systems under Weak Connection Conditions............................. 1112 

Yuxi Liu, Feng Ji, Jie Du, Chang Lin, Lu Gao, Heming Yan 

Improved Iterative Unbalance Compensation in High-Speed Operation of Active Magnetic Bearing Rotor System ... 1117 

Weibin Liu, Hongwei Li, Lin Feng, Wentao Yu, Yinshu Ding 

An Accurate and Fast Electromagnetic Coil Parameter Identification Method for Active Magnetic Bearing ........... 1123 

Xiao Long, Botao Zhang, Dongdong Chen, Luo Jun 

Arc Interruption Characteristics of the C4F7N Mixed Gas in a 126 kV Self-blast Circuit Breaker ............................ 1128 

Ke Wang, Yuying Shi, Yunkun Deng, Zhoujing Wang, Guanyu Wang, Minchuan Cao 

Research and Design on High-Frequency Series Resonant Induction Heating System with Modulation Control 

Methods ...................................................................................................................................................................... 1133 

Feng Zhou, Seiji Hashimoto, Wei Jiang 

Research on the State Evaluation Method of Circuit Breaker Arc Contact Based on Dynamic Capacitance 

Measurement .............................................................................................................................................................. 1139 

Shining Tian, Zihuan Teng, Xiang Li, Wei Wang 

Study on Key Influencing Factors of Circuit Breaker Breaking Capacity.................................................................. 1144 

Yao Zhong, Peilong Chen, Shuaibing Wang, Kui Xu, Jiangang Ding, Shijian Zhu, Tingyun Gu, Liujun Zhou 

Review of Reliability of Silicon Carbide Power Diodes ............................................................................................ 1149 

Qiushuang Li, Xiangdong Li, Zhizhe Wang, Jun Luo, Rui Deng, Kaibin Chen, Yongle Zhong 

Research on the Pre-breakdown Electron Emission Characteristics of a Vacuum Gap During the Spark Conditioning 

Process ........................................................................................................................................................................ 1155 

Jiangang Ding, Zhe Liu, Zaixing Peng, Ying Zhan, Shuaibing Wang, Mingwei Wang, Jiali Chen 

Review of HTRB and HTGB Reliability of SiC MOSFETs ...................................................................................... 1161 

Yongle Zhong, Xinhua He, Zhizhe Wang, Jun Luo, Bin Wang, Qiushuang Li 

Monitoring and Stability Analysis of Microgrid Systems 

An Adaptive Control Strategy of Islanded Hybrid Microgrid Considering the Cooperative Operation of PV-Energy 

Storage-Diesel Generator............................................................................................................................................ 1169 

Keguang Shen, Dong Liu, Jiaming Weng 

Optimization Scheduling for Microgrid Clusters: A Robust Game Theory-Based Method with Shared Energy Storage

 .................................................................................................................................................................................... 1175 

Peng Deng, Jianing Qian, Rui Zhang, Qiyu Wu, Yankun Shi 

The Electricity Price Mechanism based on Shapley Value Cooperative Game Theory in Microgrid ........................ 1181 

Haohuai Wang, Xianzhuo Liu, Siyang Sun, Wenchuan Meng, Xiaofeng Wu, Guozhong Liu 

Research on Multi-objective Collaborative Optimization Strategies for Multi microgrid Systems Based on Data 

Feature Analysis ......................................................................................................................................................... 1188 

Yuehan Liu, Jun He 



 

xviii 

 

Large Disturbance Stability Analysis of DC Microgrid with Constant Power Load Based on Sum of Square 

Programming Estimating Attraction Domain ............................................................................................................. 1194 

Yongxiang Cai, Yang Wang, Huajun Zheng, Yutao Xu, Molin He, Xiankui Wen 

Multi-objective Fuzzy Optimization of a Combined Heating and Power Microgrid Based on Parallel Membrane 

Computing .................................................................................................................................................................. 1200 

Jinbei Li, Zhongbiao Ling, Linjun Ding, Minghao Huang, Nianbai Liang, Xiangzhao Xie 

Modeling and Reliability Evaluation of a Hydrogen-Based Off-Grid Multi-energy System ..................................... 1206 

Liting Tian, Caixin Sun, Xiaojiang Guo, Xuhui Shen 

Pre-synchronization Strategy for Photovoltaic-Storage Converter Based on Virtual Synchronous Generator .......... 1212 

Yanmei DIAO, Meiling CHEN, Yao SHI, Yingxin HU 

Performance Simulation and Health Prediction of New Batteries 

Dynamic Active Distribution Network Reconfiguration Considering Aging Mitigation of Enrichable Battery Energy 

Storage Systems .......................................................................................................................................................... 1218 

Fengchao Chen, Zejian Qiu, Zhipei He, Ruifeng Zhao, Ruifeng Xu, Xin Su, Wei Yan 

An Active Cell-to-Cell Equalization Method With Transformers for Series Connected Lithium-ion Battery ............. 1224 

Ding Song, Long Long Zhang, Qing Kang 

LFP Battery Pack Combined Heat Dissipation Strategy Structural Design ................................................................ 1229 

Lvxing Jiang, Linggang Zhou, Jian Li, Pengfei Zhang, Feng Zhou, Yuan Liu, Wenhao Li 

Electro-thermal Coupling Modeling of Energy Storage Plant Considering Battery Physical Characteristics ............ 1234 

Mingdian Wang, Peng Jia, Wenqi Wei, Zhihua Xie, Jukui Chen 

A Harmonic Spectral Analysis Approach to Monitoring Lithium Battery Charging and Over-Discharge States ...... 1240 

Yiyi Huang, Ying Pang, Gang Li 

Optimization Scheduling and Energy Management of Virtual Power Plants 

Improving the Primary FM Capability of a Virtual Power Plant Containing Multiple Types of Small-Scale Thermal 

Power Units ................................................................................................................................................................ 1246 

Qiwei Zheng, Jinjun Wang, Shuyuan Zhao, Heng Chen, Ying Sun, Honggang Chen 

Participation of New Market Players in Electric Energy Spot Market Mechanisms .................................................. 1255 

Jian Li, Zhanwen Feng, Xuan Hui, Bohao Sui 

Design of Profibus-DP module based on APC3 chip ................................................................................................. 1260 

Muzhou Jiang, Guifeng Wu, Wenwei Qiao, Xiaobo Chen, Jiwei Fang, Mingtao Xie 

Multi-objective Optimization Strategy for Virtual Power Plant with Flexible Data Center ....................................... 1265 

Xuanyuan Wang, Zhen Liu, Qi An, Gengyin Li 



 

xix 

 

An Incentive-Compatible VPP Profit Allocation Model Considering the Operating Characteristics of Air Conditioning 

Loads .......................................................................................................................................................................... 1270 

Aijia Luo, Ruike Lyu, Hongye Guo, Yuanji Cai, Qixin Chen 

Analysis of Levelized Cost of Energy for 660 MW Thermal Power Units under CCUS Application ....................... 1279 

Shuyuan Zhao, Zhan Liu, Kaijie Gou, Heng Chen, Ying Sun, Guoqiang Zhang 

Collaborative Operation Optimization and Benefit Analysis of Multi-Agent in Virtual Power Plant ........................ 1285 

Hao Liu, Tianguang Lu, Yu Guo, Xiaotong Xu, Xinning Yi, Lei Shi, Haibin Zeng 

Double-layer Game Optimization Strategy for Virtual Power Plants Considering Free Trading of Energy Storage 

Systems ....................................................................................................................................................................... 1291 

Zhuangzhuang Li, Wei Liu, Junfang Zhang, Xinran Xing, Xi Chen, Yantao Li, Jinqi Lang, Fan Hua 

Day-Ahead Economic Scheduling of a Virtual Power Plant with the OAPSO Algorithm ......................................... 1297 

Kaijie Gou, Xi Tong, Qiwei Zheng, Heng Chen, Ying Sun, Guoqiang Zhang, Wenyi Liu 

Wind Farm Voltage Simulation and Electricity Prediction 

Technical and Economic Research on Far Coast Wind Power Transmission Based on AC Transmission System .... 1302 

Yu Li, Lei Yu, Feng Zhang 

Source-sink Localization Analysis of Sub-synchronous Oscillation between Substations......................................... 1307 

Qi Jia, Qiang Zhang, Xueliang Ju, Tianqi Yang, Jiaoxin Jia, Jianpo Zhang 

Multi-step wind power prediction scheme based on Patch attention mechanism ....................................................... 1312 

Bixing Ren, Yongyong Jia, Dajiang Wang, Qiang Li, Yingjie Hu 

Scenario Generation of Multiple Wind Farm Power Output Considering Spatial Correlation Based on Vine Copula

 .................................................................................................................................................................................... 1317 

Ruiyang Su, Peng Wang, Changgang Li, Hang Qi, Jian Wang 

Coordinated Black-start Strategy for Offshore Wind Farms and VSC-HVDC System .............................................. 1322 

Haiyan Tang, Xiaojiang Guo, Xuhui Shen, Renxin Yang, Gang Shi 

Analysis of Wind Farm Spatial Correlation Output Model Based on Copula Kernel Function ................................. 1328 

Tianyu Zhang, Haoran Fu, Shaoke Wei, Chengcheng Shen, Qiyan Wu, Yupeng Cao 

Equivalent Method for Primary Frequency Regulation Model of Overspeed and Blade Pitch Reserve Wind Farm ... 1333 

Chenxinwei Yuan, Peng Wang, Haoran Zhao 

Hybrid Energy Storage Strategy Based on MPC and PSO-VMD to Stabilize Wind Power Fluctuation ................... 1339 

Junda Huo, Yi Wang, Jianhui Meng 

Impedance Model of PMSG-Based Wind Turbine System And Stability Analysis Based on Routh Criterion .......... 1345 

Tiancheng Liu, Haoran Zhao, Peng Wang 



 

xx 

 

Photovoltaic Modules and Power Generation Systems 

A Novel Method for PV Module Performance Estimating Using Effective Irradiance .............................................. 1351 

Kai Liu, Liu Wei, Ming Tang, Fan Yang 

Photovoltaic Region Prediction Based on Improved Convolutional Neural Network and Cluster Analysis ............... 1359 

Siyi Wang, Wanxing Sheng, Yuwei Shang, Qing Duan, Guanglin Sha, Xinwei Cong 

A Short-Term Power Prediction Method for Photovoltaic Power Generation Based on GRU-Transformer Model .... 1365 

Wangqing Mao, Hangyu Zhao, Xian Huang, Ji Miao, Xiuru Wang, Zhiyuan Geng 

Ultra-short Term Solar Irradiance Prediction Considering Satellite Cloud Images .................................................... 1371 

Wenwen Ma, Ji Wu, Peng Yan 

Research on Coordinated Planning for Wind-PV-ESS Integration into the Distribution Grid Based on Presentative 

Scenarios ..................................................................................................................................................................... 1378 

Yu Wang, Yi Jiang, Huile Liu, Tianzhen Pan 

MPPT Simulation of Cluster Photovoltaic Power Stations for New Power System Planning ................................... 1383 

Hui Qin, Zhen Pan, Jinyue Su, Lidan Chen 

Research on the Configuration of Photovoltaic Energy Storage System Considering Capacity Degradation ........... 1388 

Yuhui Wu, Haiqing Zou, Weipeng Chen, Yanlun Zhang, Yifei Zhu, Jie Zeng 

Planning of Cluster Photovoltaic Power Stations Based on VSG Frequency Modulation Design ............................. 1394 

Hui Qin, Zhen Pan, Junlin Lu, Lidan Chen 

Distributed Photovoltaic Ultra-Short-Term Power Forecasting Utilizing OSAPSO-Optimized Spatio Temporal Dual 

Transformer Model ..................................................................................................................................................... 1399 

Lei Shi, Tianguang Lu, Yu Guo, Xinning Yi, Xiaotong Xu, Hao Liu 

An optimal regulation method for distribution network cluster considering heterogeneous characteristics of distributed 

photovoltaic resource .................................................................................................................................................. 1405 

Da Lin, Junhao Li, Chouwei Ni, Chunzhi Yang, Zhe Chen, Chunming Tu 

Optimization of Microgrid Photovoltaic and Energy Storage System Capacity Considering the Loss of Energy Storage 

System ........................................................................................................................................................................ 1412 

Zhensong ZENG, Jieyun ZHENG, Xin WEI, Jingwei XUE, Yu SHEN, Zhanghuang ZHANG, Wenbin LIN, 

Ruochen CHEN 

Dynamic Grouping Equivalent Modeling of Regional Distributed Photovoltaic Power Generation System Based on 

Improved FCM Algorithm .......................................................................................................................................... 1418 

Xuejun Xiong, Yajun Zhang, Yuyao Feng, Xiu Yang, Yu Jin, Wenhao Li 

Environmental and Economic Scheduling of Power Systems with Distributed Photovoltaic Energy Storage and 

Electric Vehicle Access ............................................................................................................................................... 1426 

Zhenyu Jiang 



 

xxi 

 

Hybrid Power Transformer Voltage Control Strategy for Grid-connected Photovoltaics ........................................... 1432 

Yufei Shang, Aihong Tang, Lulu Ma, Zejun Tong 

Analysis of Power Coordination Control Strategy in Island Mode of Photovoltaic Energy Storage Combined System

 .................................................................................................................................................................................... 1438 

Shuang Zhan, Ming Gao, Guanyu Niu, Dedi Wang 

Modern Energy Science and Technology 

Distributed Energy Resources for Techno-Economic with Ant Colony Optimization (ACO) based Artificial Neural 

Network ...................................................................................................................................................................... 1443 

Jemaa Bojod, Bilgehan Erkal 

Research on the Optimal Trade Size Measurement Method for Rotating Standby Market Based on Risk Optimal 

Penetration Rate .......................................................................................................................................................... 1449 

Yigong Xie, Shuangquan Liu, Xu Zhao, Xinchun Zhu, Dong Wei, Min Xie 

Study on Building Thermal Characteristics for Smart Grid ....................................................................................... 1455 

Xue Xue, Weiming Wang, Xue Sun 

Two-stage Operation Optimization of Coal Mine Integrated Energy System Considering Electricity Retail 

Transactions ................................................................................................................................................................ 1462 

Chen Wu, Yunxiao Zhang, Yueyi Lei, Bo Zeng 

Optimal Operation of Integrated Energy System Considering Power Supply Reliability .......................................... 1468 

Zhaojie Li, Shunfu Lin, Jin Tan 

Refined Accommodation Analysis Method for New Energy Based on VMD-GRU Deep Learning ......................... 1474 

Mingkai Yang, Yongbin Li, Wenjun Xian, Zhen Zhang, Han Yan, Yanhe Li, Wenxi Cui, Lantao Liu 

Reviewing the Current State of Development on Renewable Energy Electrolytic Water Hydrogen Production and 

Ammonia Synthesis Systems ...................................................................................................................................... 1481 

Ying Wen, Shihui Yang, Zhengang Lu, Guoliang Zhao 

A Comprehensive Review of Grid-Forming Control Studies Based on Virtual Synchronous Generators ................. 1488 

Jinggang Wang, Boyu Ma, Qi Chen, Yang Cui, Xiaodong Chen, Yuting Zhao, Jingyang Ping, Zhao Yang 

Defense Strategies for Integrated Energy Cyber Physical Systems Considering Joint Attacks .................................. 1494 

Danyan Gu, Lucheng Hong, Qiangqiang Yu, Liang Hua 

Numerical Analysis of Cable Heat Output for Renewable Energy Transmission Lines ............................................. 1500 

Xiaolong Lu, Longsheng Cai, Qingyu Jia, Jie Wang, Mingzhi Sun, Liang Wang 

Optimization Strategy For New Energy Stations Considering Energy Storage Life Process ..................................... 1505 

Suwei Zhai, Junkai Liang, Wenyun Li 

Research on Distributed Energy Optimization Method of Distribution Network for Multi-Dimensional Power Quality 

Improvement ............................................................................................................................................................... 1510 

Jiuhao Guan, Yuekai Zhao, Chunchao Wei, Yaoqi Li, Kaiyuan Ji, Yaqing Wang 



 

xxii 

 

Review of Impedance Measurement Methods in New Energy Scenarios .................................................................. 1515 

Chenxinwei Yuan, Peng Wang, Haoran Zhao 

A Rapid Assessment Method for Maximum Penetration of New Energy Sources Considering DC SFR modeling .... 1526 

Ansi Wang, Huibo Lou, Bing Zhao, Shiyun Xu, Ziheng Wang, Xin Wang 

Big Data-based Carbon Efficiency Grading Evaluation Method of Green Energy Power Generation Projects......... 1534 

Yiwen Sun, Haijun Xing, Chenghao Huang, Qizhen Guo 

Analysis Model of Spatial Distribution Characteristics of Power System Frequency ................................................ 1540 

Wen Shi, Jinpeng Guo, Xueping Pan, Xiaorong Sun, Yuanchen Dong 

New Energy Vehicles Rolling Transportation Safety Assessment .............................................................................. 1545 

Datao Weng 

Analysis of Control Strategy for Interconnecting Stations in Distribution Network Based on Power Reciprocity ... 1551 

Zhiyuan Sun, Boya Peng, Peng Liu, Lichun Chen 

Modern Integrated Energy System and New Energy Development 

CVT Measurement Error Range Recognition based on the FCM Clustering Algorithm ........................................... 1556 

Yingshu Liu, Yi Zhang, Feng Zhou, Baipeng Xu 

Research on Power Metering Technology of Coal Coupled Biomass Power Generation .......................................... 1562 

Hao Chen, Zhipeng Xue, Junfeng Xu 

Research and Application of Intelligent Alarm System for Substation Based on Multi-source Data ......................... 1567 

Kai Ma, Junkun Zhang, Junchi Ma 

Power Outage Prediction of Flood Disaster Based on Random Forest Classification................................................ 1573 

Shan Li, Xianhao Lu, Yangjun Zhou, Longjun Wang, Peng Zeng, Chenying Yi 

Numerical Simulation and Study of Icing Characteristics of High-speed Railway Catenary under Different 

Environmental Conditions .......................................................................................................................................... 1580 

Ruochen Zeng, Guangya Zhu, Zheng li, Guizao Huang, Qing Shen, Jie Tang 

Optimal Allocation of Second-use Energy Storage Capacity Considering the Attenuation of Available Capacity .... 1585 

Yuchao Xiong, Tiangang Lv, Yue Gao, Chao Chen, Fei Xia, Jingtian Hu, Liang Yu 

A Deep-Learning-Aided Optimal Operation Model for Integrated Electrical and Heat Systems with Data Privacy 

Protection .................................................................................................................................................................... 1592 

Chaohui Liang, Shunfu Lin, Jin Tan 

Multi-Objective Scheduling Model for Cascade Hydropower Stations Based on Comprehensive Unit Condition 

Evaluation ................................................................................................................................................................... 1597 

Menglong Hou, Huaijie Ji, Yong Fang, Yuxiang Guo, Qiang Han 

Research on Power Quality Assessment Method of New Distribution System Considering Uncertainty .................. 1603 

Jiuhao Guan, Hong Jia, Yuekai Zhao, Chunchao Wei, Xiangwei Xu, Zijiang Yang 



 

xxiii 

 

A Novel Hybrid Deep Learning Framework for Enhanced Solar Power Prediction .................................................. 1608 

Dongran Song, Muhammad Shams Ur Rehman, Mi Dong, Izhar Ul Haq, Muhammad Adnan Abid 

Research on grid-connected performance testing technology of Grid-forming Energy Storage system .................... 1614 

Beibei Wu, Xiaodi Qin, Guangxiu Yao, Wanyu Ji 

Electricity Trading and Electricity Market Analysis 

A Prediction Method for The Trading Scale of Spot Electricity Energy Market Based on The Analysis of New Energy 

Generation Characteristics .......................................................................................................................................... 1620 

Linbo Zhang, Kaixiang Fu, Jie Zhang, Xuan Pu, Min Xie 

Analysis of Carbon Emission Flow in Hybrid Power Market Based on Cooperative Game Theory ......................... 1625 

Weilin Zuo, Xiaohui Qin, Jun Yi, Yanping Xu 

Green Electricity Market Design and Pricing Mechanism in China ........................................................................... 1632 

Chenghui Tang 

Collaborative Dynamic Planning of Generation and Transmission Based on Potential Game Theory ...................... 1638 

Nan Ning, Min Xie, Yugang Li, Yanxuan Lu, Binbin Huang, Junqiu Fan 

Review of Research on Demand-Side Resource Participation in Electricity Markets under the New Power System 

 .................................................................................................................................................................................... 1644 

Jing Yang, Tao Yu, Yupeng Huang, Jiayi Li, Hong Zhao, Hua Zhong, Weihua Weng 

A Review on Integration of Energy Storage in the US Electricity Markets ............................................................... 1649 

Weiwei Zhang, Kun Wang, Hanze Zhou, Xiejun Du, Junjie Li, Jipeng Qi, Pei Zhang, Zixin Huang 

Electricity Price Risk Analysis of Units with Heat Storage and Transformation Based on LMP ............................... 1655 

Jun Liu, Deng Ma 

A Trial Calculation Method of Complex Multi-user Electricity Charges in the Spot Market Based on Concurrent 

Computing Architecture.............................................................................................................................................. 1660 

Bo Liang, Yang Yang, Linlin Yang, Ke Guo, Yuan Lu, Suoyue Wang 

Research on the Mechanism of China's Green Power Curve-Trading and the Integrating to Medium- and Long-Term 

Trading Market ........................................................................................................................................................... 1666 

Qiuyang Ma 

Incentive-Based Demand Response Optimization Strategy Based on Stackelberg Game ......................................... 1672 

Nan Liu, Xiaohe Liang, Zhanwen Feng 

Study on the Supply and Demand Relationship of a Novel Electricity-Carbon Market Interaction Mechanism ....... 1678 

Tianyu Li, Hao Ming, Ciwei Gao 

Design of Trading Model for BESS in Energy Market Considering Charging and Discharging Efficiency Control ... 1683 

S. H. Song 



 

xxiv 

 

Study on Medium- and Long-term Market Trading Curve Adapted to Spot Market .................................................. 1688 

Xuesong Li, Xu Wei, Hao Zhou, Yu Ding, Bin Yang, Cheng Wang 

The Trading Strategy of Distributed Energy Storage Participating in Energy and Frequency Modulation Market ... 1694 

Jing Xu, Zhixin Fu, Chunyi Wang, Haoming Liu 

Author Index 




