
PROCEEDINGS OF SPIE 
 

 

Volume 13555 

Proceedings of SPIE 0277-786X, V. 13555 

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

 

International Conference on 
Mechatronic Engineering and 
Artificial Intelligence (MEAI 2024) 
 
 
 
Liang Hu 
Editor   

 
 
13–15 December 2024 
Shenyang, China 
 
 
Organized by 
Shenyang Ligong 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 International Conference on Mechatronic Engineering and Artificial 
Intelligence (MEAI 2024), edited by Liang Hu, Proc. of SPIE 13555, Seven-digit Article CID Number 
(DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510689176 
ISBN: 9781510689183 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2025 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 

xiii Conference Committee 
 

  Part One 

   

MECHANICAL ENGINEERING AND INTELLIGENT EQUIPMENT DESIGN 

  
13555 02 The design of the aircraft control line detection device [13555-165] 

  
13555 03 Orthogonal optimization design of double-layer frustum-shaped charge structure  

[13555-75] 
  

13555 04 A novel low-power self-starting bandgap reference source design [13555-44] 

  
13555 05 A high PSRR fast response LDO circuit design [13555-173] 

  
13555 06 Design of an improved high gain and high slew rate operational amplifier [13555-121] 

  
13555 07 Design of gripper remote operation based on NearLink and HiSilicon MCU [13555-67] 

  
13555 08 The design of a high-precision, wide-range TMR-based current sensor [13555-100] 

  
13555 09 A high-gain current mirror operational amplifier utilizing gain-boosting technology  

[13555-46] 
  

13555 0A Dynamics research on the compound lever-type projectile pushing device of the 
projectile-lifting machine of the naval gun [13555-93] 

  
13555 0B A subsampling PLL with dead zone controller for fast-locking [13555-20] 

  
13555 0C Multi-objective swarm intelligent algorithm based on sensor layout optimization  

method [13555-139] 
  

13555 0D Mobile robots with interchangeable configurations [13555-105] 

  
13555 0E Collaborative optimization of ride comfort and handling stability of commercial vehicle 

[13555-27] 
  

13555 0F Design of conveyor belt structure of new cleaning vehicle based on Adams motion 
simulation [13555-96] 

  
13555 0G Simulation design study of permanent magnet synchronous motor for vehicles [13555-117] 

iii



  
  

13555 0H Design of non-powered sliding stacking mechanism for multi-channel cigarette products 
[13555-174] 

  
13555 0I Development of a specialized tool for replacing signal cylinder sealing rings [13555-51] 

  
13555 0J Simulation study on static comfort of ejection seat based on human factors engineering 

[13555-137] 
  

13555 0K Investigation of chatter influencing factors in low-voltage weak arc milling of Ti-6Al-4V  
thin-walled structures [13555-43] 

  
13555 0L Simulation of fluid structure coupling of axial flow induced draft fan impeller based on 

numerical simulation technology [13555-172] 
  

13555 0M Design and fabrication of metasurface for MEMS narrowband infrared light source  
[13555-22] 

  
13555 0N Design of a visual assisted linear clamping mechanism for a certain rotating body wire 

[13555-144] 
  

13555 0O Small object detector based on hybrid transformer architecture [13555-57] 

  
13555 0P Design and implementation of cigarette convergence and cigarette flipping transport 

mechanism [13555-179] 
  

13555 0Q Research on multi-objective optimization method of permanent magnet synchronous 
motor based on PSO-BP neural network [13555-70] 

  
13555 0R Fabrication and testing of piezoresistive sensed cantilever probe [13555-35] 

  
13555 0S Research on the design of airport intelligent luggage carts based on analytic hierarchy 

process [13555-147] 
  

13555 0T Simulation design of paper extraction packing and palletizing production line based on 
robotstudio [13555-79] 

  
13555 0U Segmental model design and inspection for performance testing of anti-skid wear-resistant 

layer on new composite box girder bridge [13555-39] 
  

13555 0V A novel composite material capable of strong electric field self-recognition [13555-123] 

  
13555 0W Optimized design of the base structure of a transmitter [13555-150] 

  
13555 0X Modular design and simulation analysis of key components of anchor drilling machines  

for transmission lines in mountainous region [13555-62] 
  

13555 0Y Design of data acquisition node circuit test board [13555-190] 

iv



  
13555 0Z Design and verification of integrated unmanned observation equipment for above-and-

below water [13555-106] 
  
  

INTELLIGENT MECHANICAL SYSTEM AND CONTROL TECHNOLOGY 

  
13555 10 Deep deterministic policy gradient for volt-var control [13555-151] 

  
13555 11 Research on secure path planning based on quadtree and A * algorithm [13555-3] 

  
13555 12 Automated layout planning of walkway plates in climbing scaffolding platform using 

contour data [13555-38] 
  

13555 13 A robotic arm grasping system and method based on RGB-D fusion [13555-149] 

  
13555 14 Design of mechanical stabilization platform system for the strapdown guided system 

[13555-109] 
  

13555 15 Implementation of elderly health monitoring system based on motion target recognition 
using FPGA [13555-74] 

  
13555 16 Simulation study on the activation process and charge threshold of a specific actuation 

valve [13555-101] 
  

13555 17 Reinforcement learning based path planning for McNamee wheeled unmanned vehicles  
in unknown environments [13555-187] 

  
13555 18 Design of intelligent sensor real-time monitoring system for partial discharge in switchgear 

[13555-98] 
  

13555 19 A car airbag detection system that uses a new type of capacitive readout circuit  
[13555-148] 

  
13555 1A Design of an underwater robot control system for nuclear reactor pressure vessel inspection 

[13555-92] 
  

13555 1B Structural reliability analysis of pneumatic polishing force experimental platform based on 
finite element [13555-141] 

  
13555 1C Identification and analysis of pneumatic polishing force control system based on least 

square method [13555-89] 
  

13555 1D Research and selection of key components for multi-component gas monitoring systems 
based on photoacoustic spectroscopy technology [13555-16] 

  
13555 1E Research on collaborative direct control strategy for intelligent connected vehicle queue 

[13555-48] 
  

v



13555 1F The simulation of ship wave based on Rankine panel method [13555-59] 

  
13555 1G Design of an IoT-based domestic control system [13555-14] 

  
13555 1H Optimized design of floor sweeping and mopping robot path [13555-91] 

  
13555 1I Research on the evaluation system of autonomous vehicle driving behavior based on 

riding experience [13555-162] 
  

13555 1J Analysis and signal-to-noise ratio estimation of radiation source signals received by the 
missile-borne countermeasure system [13555-189] 

  
13555 1K Study on dynamic characteristics of disc brake system considering the third body  

[13555-41] 
  

13555 1L Analysis the influence of mesh damping ratio on the bifurcation characteristic of 
herringbone planetary gear systems [13555-40] 

  
13555 1M H∞ fusion estimation for sensor network systems under DoS attacks [13555-188] 

  
13555 1N Design of sensorless control system for Φ4mm hollow cup motor in optical fiber positioning 

device [13555-77] 
  

13555 1O Animal image recognition system based on Yolov8-AFPN [13555-72] 

  
13555 1P Traffic sign recognition system based on YOLOv8-ConvNeXt [13555-71] 

  
13555 1Q Fruit classification and quality detection system based on improved YOLOv8 model  

[13555-68] 
  

13555 1R Development of adhesion control strategy based on nonsingular fast terminal sliding  
mode method [13555-108] 

  
13555 1S Research on the task decision algorithm for unmanned aerial vehicles based on the robot 

operating system and large language models [13555-133] 
  

13555 1T Research on multi-AUV cooperative 3D path planning [13555-130] 

  
13555 1U Design of intelligent speech recognition control system based on deep learning [13555-83] 

  
13555 1V Research and application of key technology system for intelligent gantry crane in 

hydraulic operation scenarios [13555-138] 
  

13555 1W High-precision pulse width generation technology based on high-speed DAC [13555-175] 

  
13555 1X Implementation of license plate detection system based on deep learning [13555-195] 

  

vi



  

INTELLIGENT DETECTION AND FAULT DIAGNOSIS TECHNOLOGIES 

  
13555 1Y The electromagnetic field generated by a horizontal electric dipole positioned above a 

spherical conducting dielectric layer [13555-31] 
  

13555 1Z Diagnosing demagnetization failures in mining permanent magnet motors using residual 
neural network and transformer on cyclic spectrum images [13555-166] 

  
13555 20 Modeling of human hand motion based on a radar gesture recognition application  

[13555-23] 

 
   Part Two 
 
 

 

13555 21 Research on resistivity model of electric explosion bridge foil suitable for low-voltage 
excitation [13555-5] 

  
13555 22 Research on the magnetic field of the concentric magnetic ring for high-precision  

TMR-based current measurement in power distribution networks [13555-97] 
  

13555 23 Online detection method of aluminium electrolyzer tank condition based on area current 
[13555-52] 

  
13555 24 State monitoring and fault diagnosis method for coke oven inspection equipment  

[13555-160] 
  

13555 25 Automatic recognition method for liquid level gauge reading based on machine vision 
[13555-120] 

  
13555 26 Exploration of intelligent prediction methods for damage effect based on parameters of 

liner [13555-180] 
  

13555 27 Prediction of dissolved gas content in power transformer oil based on BERT [13555-181] 

  
13555 28 Chip dies defect detection model based on MobileDDD-Net [13555-60] 

  
13555 29 Few-labeled bearing fault diagnosis based on attention mechanism time-frequency 

prediction self-supervised learning framework [13555-36] 
  

13555 2A Fault diagnosis method for reciprocating compressors based on visibility graph [13555-136] 

  
13555 2B Research on inverter fan fouling faults diagnosis based on SVM [13555-8] 

  
13555 2C Fault diagnosis of bearings under variable working conditions based on strip pooling 

VGG19 [13555-169] 
  

13555 2D Numerical simulation on vibration characteristics of ultra-high voltage (UHV) shunt reactors 
[13555-26] 

vii



  
13555 2E Study on milling surface roughness of a milling cutter with the cutter blade arranged 

according to phyllotactic pattern [13555-183] 
  

13555 2F Influence of blade perforation on noise performance of axial cooling fan [13555-84] 

  
13555 2G Study on accelerated life model of weak components of electronic fuze under multiple 

stresses [13555-192] 
  

13555 2H Improving the adaptability of digital instrument data prediction and fault diagnosis using 
meta-learning [13555-152] 

  
13555 2I Fault diagnosis method based on order analysis and convolutional neural network  

[13555-194] 
  

13555 2J Microscopic mechanism analysis of the effect of ester insulating oil components on its 
power frequency breakdown characteristics [13555-25] 

  
13555 2K Prediction of abnormal gearbox conditions using an improved variational autoencoder 

[13555-127] 
  

13555 2L Research on the change rule of stress law of coal seam broken down by spiral drum  
based on MATLAB and LS-DYNA [13555-134] 

  
13555 2M Anomaly detection for distributed optical fiber acoustic sensing based on one-class 

convolutional neural network [13555-81] 
  

13555 2N Multi-particles micromanipulation in focused sound field for single-beam acoustic tweezer 
[13555-17] 

  
13555 2O Fault diagnosis of rectifier circuit based on DGWO-BVM algorithm [13555-155] 

  
13555 2P Analysis of the influence of axial clearance on centrifugal pump vibration based on 

dimension chain [13555-6] 
  

13555 2Q Exploration and optimization of adsorption characteristics of robots for working inside 
spherical tanks [13555-94] 

  
13555 2R Research on laser beam wavefront correction technology based on Fienup algorithm 

[13555-111] 
  

13555 2S Real-time measurement of liquid crystal birefringence [13555-113] 

  
13555 2T Analysis and prediction of air quality in Xiangyang City [13555-103] 

  
13555 2U Electricity load forecasting using large language models [13555-131] 

  
13555 2V Enhancing YOLOv5 for UAV target detection in complex aerial scenarios [13555-170] 

  

viii



13555 2W Dual-vector model predictive control for PMSM driven by three-phase four-switch inverter 
[13555-176] 

  
13555 2X Water leakage detection for HVDC converter hall based on laser illumination and deep 

learning [13555-199] 
  

13555 2Y Study on the damage effect of the external components of typical armored vehicles under 
ballistic impact load [13555-202] 

  
  

INTELLIGENT INFORMATION TECHNOLOGY AND ALGORITHM MODELLING 

  
13555 2Z Fast local regulation of off-grid microgrid based on voltage flicker signal detection 

algorithm [13555-171] 
  

13555 30 A novel hierarchical relay protection device model wide-area scalability optimization 
algorithm [13555-140] 

  
13555 31 Enhancing with channel attention mechanism: an improved metric3D network [13555-13] 

  
13555 32 Recognition of prostate cancer based on speckle imaging combined with deep learning 

[13555-24] 
  

13555 33 Lightweight multi-scale object detection network for real-time detection in aerial 
photography [13555-146] 

  
13555 34 Based on the improved YOLOV8 small target detection algorithm [13555-28] 

  
13555 35 Multi-scale object detection network based on selective large convolution kernel  

[13555-80] 
  

13555 36 Deep-learning-based image segmentation and text recognition model for oracle original 
topographies [13555-112] 

  
13555 37 Lightweight target detection algorithm based on feature fusion [13555-55] 

  
13555 38 A small target detection algorithm based on an improved YOLOv8 detection head  

[13555-132] 
  

13555 39 Research on visible and infrared image fusion network based on CNN-transformer  
[13555-30] 

  
13555 3A Discrete element simulation and multi-objective parameter optimization of loading 

mechanism of roadheader based on bidirectional coupling of RecurDyn and EDEM  
[13555-58] 

  
13555 3B Small object detection algorithm based on improved YOLOv8s for UAV viewpoints  

[13555-201] 
  

ix



13555 3C Multi-attitude based target localization method [13555-156] 

  
13555 3D Study of motion delay correction algorithms in time synchronization [13555-19] 

  
13555 3E High precious time synchronization based on denoising autoencoder [13555-82] 

  
13555 3F Cooperative operation mode and target recognition technology for unmanned surface 

vessel and unmanned underwater vehicle [13555-45] 
  

13555 3G An efficient service adaptation method towards joint-cloud computing [13555-154] 

  
13555 3H Research on small target detection in complex substation environments based on an  

end-to-end improved RT-DETR model [13555-164] 
  

13555 3I Research on detection and data fusion algorithm on array gyroscope [13555-42] 

  
13555 3J Convolutional neural network is used in target contour extraction [13555-126] 

  
13555 3K Research on underwater target tracking method based on IPSO-LSTM [13555-158] 

  
13555 3L Distributed fiber optic vibration sensing event recognition based on CNN-XGBoost  

[13555-143] 
  

13555 3M Research on application of lightweight AF-YOLO model in traffic sign recognition [13555-87] 

  
13555 3N SLAM semantic map construction based on improved YOLOv8 [13555-76] 

  
13555 3O Research on face tracking method based on improved CAMSHIFT and Kalman filter  

[13555-69] 
  

13555 3P HSV-enhanced Canny-Hough algorithm for robust lane line recognition [13555-90] 

  
13555 3Q Study on gesture recognition based on improved YOLOV8 [13555-86] 

  
13555 3R Research on surface reconstruction algorithm based on upsampling fusion α-shape  

[13555-88] 
  

13555 3S A rope net trajectory reconstruction method based on event camera [13555-9] 

  
13555 3T Research on anti smoke interference target recognition algorithm based on YOLOV5 

[13555-129] 
  

13555 3U Research on the automatic division of brain tumors based on improving U-Net3+ [13555-61] 

  
13555 3V Advancements in single-image 3D modeling: a deepmesh fusion approach [13555-4] 

x



  
13555 3W EAS-PointNetGPD: enhanced adaptive point cloud processing network for robotic arm 

grasping [13555-32] 
  

13555 3X Self-adaptive weight balanced physics-informed neural networks for solving complex 
coupling equations [13555-142] 

  
13555 3Y Single image haze removal network based on detail-enhanced convolution and  

channel-spatial attention [13555-33] 
  

13555 3Z Reinforcement learning fusion algorithm for assembly sequence plannings [13555-168] 

  
13555 40 Based on an improved Zero-DCE++ low-light enhanced object detection algorithm  

[13555-119] 
  

13555 41 Frequency offset optimization in frequency diverse array radar: a genetic algorithm 
approach for improved anti-jamming performance [13555-191] 

  
13555 42 Research on electrochemical impedance spectroscopy analysis method based on  

sparse MLP [13555-135] 
  

13555 43 Research on fruit 3D point cloud segmentation based on improved YOLOv8 [13555-116] 

  
13555 44 Simulation and implementation of deep learning based expression recognition [13555-115] 

  
  

 

xi


