
PROCEEDINGS OF SPIE 
 

 

Volume 14179 

Proceedings of SPIE 0277-786X, V. 14179 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

 

Tenth International Conference on 
Energy Systems, Electricity, and 
Power (ESEP 2025) 
 
 
 
Jiashen Teh 
Qian Xiao 
Xialin Li 
Editors   

 
 
28–30 November 2025 
Tianjin, China 
 
 
Organized by 
Tianjin University (China) 
 
Sponsored by 
AEIC Academic Exchange Information Centre (China) 
 
Published by  
SPIE 
 
 

Part One of Two Parts



The papers in this volume were part of the technical conference cited on the cover and title page. 
Papers were selected and subject to review by the editors and conference program committee. 
Some conference presentations may not be available for publication. Additional papers and 
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org. 
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. The 
publisher is not responsible for the validity of the information or for any outcomes resulting from 
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
Author(s), "Title of Paper," in Tenth International Conference on Energy Systems, Electricity, and 
Power (ESEP 2025), edited by Jiashen Teh, Qian Xiao, Xialin Li, Proc. of SPIE 14179, Seven-digit Article 
CID Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9798902324126 
ISBN: 9798902324133 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2026 Society of Photo-Optical Instrumentation Engineers (SPIE). 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of fees. To obtain permission to use and share articles in this volume, visit 
Copyright Clearance Center at copyright.com. Other copying for republication, resale, advertising 
or promotion, or any form of systematic or multiple reproduction of any material in this book is 
prohibited except with permission in writing from the publisher. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 
Paper Numbering: A unique citation identifier (CID) number is assigned to each article in the 
Proceedings of SPIE at the time of publication. Utilization of CIDs allows articles to be fully citable as 
soon as they are published online, and connects the same identifier to all online and print versions 
of the publication. SPIE uses a seven-digit CID article numbering system structured as follows: 

 The first five digits correspond to the SPIE volume number.       
 The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 



Contents 

xi Conference Committee 
  

  Part One  
  

RENEWABLE INTEGRATION AND GRID OPERATION 
  

14179 02 Method for predicting photovoltaic power based on multifeature extraction from ground 
maps [14179-69] 

  
14179 03 High-frequency resonance and suppression measures of MMC-HVDC system with 

electromagnetic current transformer [14179-156] 
  

14179 04 A semi-implicit staggered-solution approach for efficient EMT simulation of modular 
multilevel converters [14179-149] 

  
14179 05 Analysis of factors affecting transient voltage characteristics of distributed photovoltaic 

system [14179-59] 
  

14179 06 Rapid assessment of grid voltage security issues and analysis method for key influencing 
parameters [14179-162] 

  
14179 07 Research on optimization of control parameters for voltage stability in PV grid-connected 

system considering stochastic PV output [14179-161] 
  

14179 08 Application analysis of integrated smart energy system for cluster buildings: Beijing 
Baozhigu international conference center as an example [14179-148] 

  
14179 09 Coordinated day-ahead bidding and internal incentive mechanism of virtual power plants 

based on a multiagent policy gradient framework [14179-82] 
  

14179 0A Simulation analysis of closed bus-tie power system faults and protection [14179-32] 
  

14179 0B Analysis of the primary side current characteristics of the grounding transformer in Zyn11-
Dyn7 coupled topology arc suppression device [14179-9] 

  
14179 0C Research on the evaluation model of supply capacity of source network storage 

collaboration under high proportion of new energy [14179-174] 
  

14179 0D Research on scheduling strategies for the collaborative optimization of distribution network 
and microgrid [14179-154] 

  
14179 0E Research and development of wind resistance technologies for transmission lines  

[14179-77] 
  

iii



14179 0F Research on control method of alternating current/direct current interconnected converter 
based on adaptive robust algorithm [14179-140] 

  
14179 0G Experimental correction of DC bias evaluation model for large power grid [14179-89] 

  
14179 0H Optimal selection method for wind power forecasting models based on K-shape time series 

clustering [14179-27] 
  

14179 0I Wind farm power prediction based on graph neural network and wake effect [14179-62] 
  

14179 0J Residential power energy management strategy considering load transfer and interrupt 
stepped penalty [14179-15] 

  
14179 0K GNN-based detection of destructive vulnerabilities in power systems [14179-44] 

  
14179 0L Non-uniform transmission line modeling and transient analysis of lightning strikes to long-

span transmission towers [14179-85] 
  

14179 0M Power system frequency response analysis method based on model-data fusion and 
influencing factor classification [14179-108] 

  
14179 0N Non-cooperative game based hierarchical scheduling of residential flexible loads  

[14179-167] 
  

14179 0O Optimization of multienergy farm distribution network dispatch considering on-site 
consumption of photovoltaic power [14179-70] 

  
14179 0P Short-term power load forecasting method based on SOA-prophet algorithm [14179-158] 

  
14179 0Q Parameter identification in distribution systems using graph attention networks [14179-14] 

  
14179 0R A hybrid photovoltaic forecasting model using CEEMDAN, sample entropy, and 

bidirectional GRU for distribution networks [14179-52] 
  

14179 0S Research on artificial intelligence time series prediction technology in power system 
stability analysis [14179-94] 

  
14179 0T Mobile distributed energy storage system for multiscenario governance of the distribution 

networks and its applications [14179-19] 
  

14179 0U Photovoltaic power forecasting using numerical weather prediction data with hybrid 
kriging–random forest downscaling and long short-term memory networks [14179-142] 

  
14179 0V Optimal resource configuration of distribution networks considering flexibility supply-

demand balance and transmission constraints [14179-114] 
  

14179 0W Analysis of VSG inertia support capability under weak grid conditions [14179-2] 
  

14179 0X Research on power load time series forecasting model based on generative adversarial 
networks [14179-80] 

  

iv



14179 0Y Operating characteristics of photovoltaic thermal system with spray cooling [14179-150] 
  

14179 0Z Strategies for addressing AGC resource shortages in regions lacking flexible resource 
allocation [14179-151] 

  
14179 10 Research on technical methods for assessing and enhancing flexibility in new energy 

power generation [14179-93] 
  

14179 11 Voltage regulation in low-voltage distribution networks based on particle swarm 
optimization [14179-157] 

  
14179 12 Accounting for harmonic linearization: modeling and analysis of impedance of 12-pulse 

rectifiers [14179-64] 
  

14179 13 Research on a three-phase unbalance control strategy for energy storage converters 
based on DSOGI [14179-48] 

  
14179 14 Research on the impact of grid-forming energy storage on voltage stability support in high-

proportion power electronic system [14179-116] 
  

14179 15 Dynamics modeling and computational method for the permanent magnet synchronous 
generator [14179-47] 

  
14179 16 A droop control system based on multibranch permanent magnet synchronous motors 

[14179-56] 
  

14179 17 Stochastic model predictive control-based coordinated automatic generation control 
method for multienergy resources [14179-75] 

  
14179 18 Reliability assessment of typical renewable energy export systems [14179-78] 

  
14179 19 Virtual power plant resource aggregation method based on multilevel architecture  

[14179-172] 
  

14179 1A A distributed generation cluster division strategy considering frequency regulation 
response speed [14179-136] 

  
14179 1B Research on real-time power theft detection method based on improved BiLSTM for power 

data mining [14179-96] 
  
  

EQUIPMENT MONITORING AND FAULT DIAGNOSIS 
  

14179 1C Target localization method for visual inspection of cross-regional transmission corridors 
[14179-41] 

  
14179 1D Design of electromagnetic stirring device based on QPR control [14179-65] 

  
14179 1E Development of a bipolar electrochemical power supply utilizing a full-bridge 

configuration [14179-61] 
  

v



14179 1F Health state diagnosis for power transformer based on CTGAN-augmented data [14179-28] 
  

14179 1G Experimental study on fast earthing switch under synthetic air atmosphere [14179-160] 
  

14179 1H Joint control method for channel transmission errors in dual-mode communication 
environments in distribution areas [14179-45] 

  
14179 1I Analysis of force and motion state of transformer pressure relief valve disc [14179-113] 

  
14179 1J MMC circulating current suppression strategy based on fractional-order multiresonant 

control [14179-40] 
  

14179 1K Multifactor GIS equipment family defect fault warning based on ARMA and copula theory 
[14179-23] 

  
14179 1L Power outage risk prediction and weak link identification in distribution networks based on 

machine learning and multisource data [14179-99] 
  

14179 1M Research on transformer fault diagnosis method based on IPSO-ResMLP [14179-37] 
  

14179 1N Research on cable fault detection methods based on high-frequency coupled injection 
[14179-17] 

  
14179 1O Enhanced cloud–clustering framework for distribution transformer condition assessment 

[14179-4] 
  

14179 1P Research on structural failure and reinforcement of distribution transformer tanks under arc 
faults [14179-46] 

  
14179 1Q High-impedance fault identification method for distribution networks based on time-

varying sparse causal relationships [14179-88] 
  

14179 1R Design of a cable defect localization and detection system based on broadband 
impedance spectroscopy [14179-13] 

  
14179 1S Dual-objective optimization design of three-phase five-column transformer core by 

improving differential evolution algorithm [14179-127] 
  

14179 1T Research on state abnormality detection of spring operating mechanism in 10 kV vacuum 
circuit breaker (KN-28 type) based on improved ELMD and PSO-SVM [14179-123] 

  
14179 1U Optimized design for precise calculation of transformer overheat fault probability using 

WGAN-attention-enhanced deep Gaussian process [14179-132] 
  

14179 1V A transformer thermal fault diagnosis model based on CBAM-ResNet multimodal fusion 
[14179-130] 

  
14179 1W Extended research and application practices on key technologies for digital archiving of 

metering cabinets [14179-76] 
  
  

vi



 

   Part Two 
 

 

14179 1X Design of construction simulation training system for substations [14179-155] 

  
14179 1Y Grid transmission line fault diagnosis based on TCN-xLSTM [14179-74] 

  
14179 1Z Intelligent optimization of preventive maintenance scheduling for power systems 

considering the coordination of extreme disasters and equipment operating conditions 
[14179-145] 

  
14179 20 Modeling and recognition of the action timing of on-load tap changers in transformers 

based on graph neural networks [14179-5] 
  

14179 21 Ultrasonic transverse wave oblique testing method for cracks in support insulators of 10kV 
capacitor banks [14179-67] 

  
14179 22 Analysis and handling of a 35kV dry-type voltage transformer fault [14179-159] 

  
14179 23 ProxDualGAT: dual-branch graph attention network with Gaussian proximity for power grid 

fault detection and localization [14179-57] 
  

14179 24 Defect detection in UAV inspection images based on improved YOLO [14179-38] 
  

14179 25 Research and implementation of power system lateral isolation technology based on trust 
management [14179-79] 

  
14179 26 Computer vision and image processing aided evaluation of EPS protection materials for oil-

gas pipelines under fault displacement [14179-16] 
  

14179 27 Evaluation of REBCO tape joint resistance for HTS synchronous condenser using closed-loop 
magnetic field attenuation method [14179-112] 

  
14179 28 Design and implementation of a novel grounding wire locking system based on structural 

optimization and automatic control [14179-29] 
  

14179 29 Frequency domain feature-based online ice monitoring technology for wind turbine blades 
[14179-34] 

  
14179 2A Research on fault identification of cross-bonded high-voltage cables based on impedance 

spectrum [14179-81] 
  

14179 2B Research on induced voltage withstand test of electromagnetic voltage transformer in 
220kv GIS based on single busbar outage [14179-166] 

  
14179 2C An LSTM–GPR framework for intelligent monitoring of sulfur hexafluoride gas-handling 

processes [14179-22] 
  

vii



14179 2D Icing rupture characteristics and dynamic response of OHL conductor under de-icing 
impact load [14179-143] 

  
14179 2E Study on the influence of conductor inclination angle and twisting factors on ice shape 

characteristics [14179-144] 
  

14179 2F Research on the automatic verification method of virtual circuits based on sentence-
MacBERT [14179-147] 

  
14179 2G Study on the focusing characteristics of underwater pulsed discharge shock waves  

[14179-20] 
  

14179 2H A thermo-vision coupled sensing and Nash-equilibrium trajectory control method for PCB 
precision drilling and milling systems [14179-95] 

  
14179 2I WISP: whisper-based industry speech platform [14179-8] 

  
14179 2J Study on the motion characteristics of underwater bubbles under the action of high-

voltage pulsed electric field [14179-66] 
  
  

ENERGY STORAGE AND LOW-CARBON MANAGEMENT 
  

14179 2K High-temperature polymer oil well cement retarder for long sealing section cementing: 
preparation, performance, and retardation mechanism [14179-105] 

  
14179 2L Coupling analysis of multiphysical field of platen superheaters in coal-fired boilers  

[14179-42] 
  

14179 2M Enlightenment of Dutch electricity market reform on China's electricity market construction 
[14179-58] 

  
14179 2N Operation performance evaluation of zero-carbon commercial-office park: integrating 

energy, carbon, and flexibility [14179-7] 
  

14179 2O Echelon utilization of retired batteries based on MMD-based charging curve features 
difference and state of health [14179-152] 

  
14179 2P Carbon footprint accounting and evaluation based on the lithium battery cycle life 

prediction model [14179-31] 
  

14179 2Q Efficient vectorized indexing and retrieval method for power multimodal knowledge bases 
[14179-100] 

  
14179 2R Transient simulation step size modeling study of thermal life loss controller for main 

transformer under new energy access [14179-104] 
  

14179 2S Study on the electromagnetic effect-induced CO generation model during coal fracturing 
[14179-12] 

  

viii



14179 2T Construction of real-time evaluation model for processing capacity of three-phase 
separator in oilfield joint station based on multisource data fusion [14179-111] 

  
14179 2U Design of multifunctional power graph in-memory database [14179-50] 

  
14179 2V Research on constructing frost formation maps for cold storage air cooler [14179-129] 

  
14179 2W Deep learning-based prediction and control method for interface stability in crude oil 

three-phase separation process [14179-109] 
  

14179 2X Temporal domain adaptation for comprehensive electricity consumption accounting and 
carbon emission clustering [14179-124] 

  
14179 2Y Design and transmission losses of liquid hydrogen triple-phase coaxial high-temperature 

superconducting cable energy pipelines [14179-24] 
  

14179 2Z Research on a low-carbon two-stage robust optimal scheduling strategy for hybrid 
distribution networks with electric vehicle clusters [14179-10] 

  
14179 30 Synergistic integration of direct air capture with carbon utilization pathways: DAC to jet fuel 

[14179-175] 
  

14179 31 Capacity cost allocation model based on the functional role of pumped storage plants 
[14179-83] 

  
14179 32 Wind-farm aggregated equivalent model and Gaussian-mixture-model-based parameter 

calibration method [14179-164] 
  

14179 33 Carbon trading and energy management method for multi-microgrids with integrated 
energy systems [14179-119] 

  
14179 34 Supercapacitor-based emergency power control strategy for direct-drive wind turbines 

[14179-21] 
  

14179 35 Research on the optimization of high penetration accommodation capacity of distribution 
network with synergistic energy storage and photovoltaic integration [14179-11] 

  
14179 36 Research and application of power load forecasting and data analysis method based on 

multisource data and intelligent algorithms [14179-53] 
  

14179 37 Collaborative operation optimization and comprehensive benefit evaluation of an 
integrated wind-PV-thermal-energy storage system [14179-86] 

  
14179 38 Numerical simulation and modeling techniques for hydraulic fracturing in granite-based 

geothermal reservoirs [14179-118] 
  

14179 39 Numerical simulation and parameter analysis of thermal-hydraulic coupling mechanisms 
in karst fractured geothermal reservoirs [14179-120] 

  
14179 3A Research on the electric power and carbon emissions coupling relationship of coal fired 

power plants based on CNN-LSTM [14179-163] 
  

ix



14179 3B Research on gas pipeline energy consumption prediction based on backpropagation 
neural network models [14179-91] 

  
14179 3C Optimized scheduling strategy for multi-grid-forming energy storage in microgrids  

[14179-92] 
  

14179 3D Parameter optimization of PI controller for direct torque control system of PMSM  
[14179-139] 

  
14179 3E Research on demand scale and layout planning of small and medium-sized pumped 

storage power stations in Beijing [14179-87] 
  

14179 3F Precise accounting models and applications for grid carbon emission factors under the 
carbon peaking and carbon neutrality goals [14179-60] 

  
14179 3G Virtual energy storage-based coordination of heating, ventilation, and air-conditioning 

systems for secondary frequency regulation [14179-72] 
  

14179 3H Day-ahead optimal scheduling of integrated energy system for offshore oil and gas fields 
[14179-71] 

  
14179 3I A meta-analysis of distribution network faults and associated prediction models [14179-128] 

  
14179 3J Simulation of microgrid energy storage capacity optimisation under multi-time-scale 

energy coupling constraints [14179-131] 
  

14179 3K Multiday low-carbon optimal scheduling of training server cluster with continuity constraints 
[14179-63] 

  
14179 3L Research and application of key technologies for combined cooling heating and power 

system of natural gas in industrial parks [14179-49] 
  

14179 3M Research on constant power control system for PT symmetric radio energy transmission 
[14179-137] 

  
14179 3N Experimental study on thermal runaway propagation and heat source tracing model of 

energy storage batteries [14179-173] 
  

14179 3O Research on artificial intelligence electricity price method in deregulated markets  
[14179-141] 

  
14179 3P A hybrid medium-to-long-term wind power forecasting model based on DFT and multiscale 

decomposition [14179-138] 
  

14179 3Q Enhanced CO2-to-formate electroreduction on activated bi-loaded nickel foam electrodes 
[14179-84] 

  
14179 3R A novel PDM-based control method for wide-gain, high-efficiency LLC converters under 

light-load conditions [14179-73] 
  

14179 3S Research on cyber-physical system modeling for vehicle-to-grid interaction [14179-90] 
 

x


