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Analysis of Quality Control Technology and Technological
Innovation Paths for Municipal Road Construction

Zhen Li
Guilin Municipal Engineering Management Office, Guilin, Guangxi, 541004, China

Abstract

The construction quality of municipal roads is directly related to urban image and operational safety. The traditional quality control
model, which relies on post-construction testing and manual experience, struggles to meet the demands of refined whole-process
management. This paper systematically analyzes the current status and key control points of municipal road construction quality,
sorts out the core technical systems for subgrade, base course, asphalt pavement, ancillary works, and green construction, and
focuses on exploring the paths and supporting mechanisms for empowering quality control through technological innovation. The
study shows that digital detection and monitoring, intelligent construction equipment, and the application of new materials and
processes are the three major directions for innovation. Technologies such as intelligent compaction, BIM+GIS, and [oT sensing can
effectively enhance quality control efficiency. The quality control of municipal road construction is undergoing a transformation from
“experience-driven” to “data-driven” approaches, and the integration and complementarity of traditional and innovative technologies
constitute an effective path for improving project quality.

Keywords

municipal road; construction quality; technological innovation and engineering; digital monitoring; intelligent compaction
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Exploring Multi-Mode Integration in Interface Design
Curriculum Based on BOPPPS Model

Jia Zhang

Jincheng College Nanjing University of Aeronautics and Astronautics, Nanjing, Jiangsu, 211156, China

Abstract

As education transitions from informatization to intelligentization, traditional design course teaching models struggle to meet the
demands of personalized learning and innovative capability cultivation. This study constructs a new teaching paradigm for interface
design courses through the BOPPPS teaching model framework, integrating six instructional approaches: blended online-offline
teaching, modular learning, theory-practice integration, course intelligence, task-driven learning, and teaching-competition fusion.
Centered on the four core modules of “interaction, experience, service, and visual” in interface design knowledge system, this model
combines intelligent learning platforms with BOPPPS framework to adapt teaching methods, enabling flexible content organization
and personalized learning path guidance. The approach enhances students’ learning autonomy, improves design thinking, technical
practice, and collaborative innovation capabilities, providing actionable pathways for multi-mode integration in design education.

Keywords
BOPPPS model; interface design; multimodal; teaching
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Research on Installation Technology Optimization of Subway
Water Supply and Drainage Pipeline under the Concept of
Green Construction

Haojiang Xiong Yang Wang
Sinohydro Bureau 7 Co., Ltd., Chengdu, Sichuan, 610213, China

Abstract

Guided by green construction principles, subway water supply and drainage pipeline installation now emphasizes material
conservation, energy efficiency, and environmental harmony. This study systematically reevaluates traditional installation procedures
by optimizing workflows, improving equipment compatibility, and refining operational models. These enhancements significantly
boost pipeline positioning accuracy, connection reliability, and installation efficiency, while effectively controlling construction
disturbances, noise pollution, dust emissions, and material waste. The optimized approach achieves a balanced integration of
construction organization, operational efficiency, and ecological impact, offering a practical model for implementing sustainable
construction practices in subway projects.

Keywords

green construction; subway engineering; water supply and drainage pipelines; process optimization; resource conservation
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Practice Optimization and Innovation Path of HD Live
Streaming Technology in the Program Production and
Broadcasting of County-level Converged Media Center

Jiayi Luo
Kashgar City Media Convergence Center (Kashgar City Radio and Television Station), Kashi, Xinjiang, 844599, China

Abstract

In the new era, high-definition live broadcasting technology has become a crucial technical support for county-level media
convergence centers to enhance program production quality and dissemination efficiency. Based on the actual development of county-
level media convergence, this paper systematically analyzes the application value and practical challenges of high-definition live
broadcasting technology in program production, with a focus on equipment upgrades, system coordination, technical maintenance,
and talent support. Drawing on practical experience, the study proposes implementation pathways for optimizing and innovating
high-definition live broadcasting technology, including comprehensive planning of technical systems, multi-terminal integration,
intelligent network transformation, and technical management with talent cultivation. The goal is to establish a standardized,
centralized, and sustainable high-definition production and broadcasting system, thereby improving program quality and operational
efficiency, strengthening the dissemination power of mainstream public opinion, and providing solid technical support for the high-
quality development of media convergence.

Keywords
high-definition live broadcasting technology; county-level media convergence center; program production and broadcasting; practical
optimization; innovative approaches
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Structural Stability Analysis and Optimization of the Repairing
Construction of Collapsed Breakwater-The Practice of Jiangsu
LNG Breakwater

Heyang Li Jiaquan Hou
CNOOC Jiangsu Natural Gas Co., Ltd., Yancheng, Jiangsu, 224500, China

Abstract

In response to the structural stability repair needs after the collapse of the S2+300-S2+400 section of the Jiangsu LNG project
breakwater, this study analyzes the collapse mechanism, conducts stability assessment, and optimizes the repair plan based on on-site
investigation and monitoring data. Relying on drone aerial photography and underwater sonar scanning to identify the collapse range
and characteristics, using finite element method to build a stability analysis model for the breakwater structure, and identifying the
key causes of structural instability; Adjust the block layout plan and construction parameters based on the technique of repairing the
twisted crown block protective surface. The practical case of the project shows that the optimized repair plan has increased the overall
anti slip safety factor of the breakwater from 1.18 to 1.52, and the anti overturning safety factor from 1.25 to 1.63. The structural
settlement does not exceed Smm, which complies with the provisions of the “Design Code for Breakwaters and Banks” (JTS154-2018).
This study can provide scientific basis and technical support for the structural stability control of similar collapsed breakwater repair
projects.

Keywords
breakwater repair; structural stability; finite element analysis; twisted king block; optimization plan
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Research on Key Technologies for Remote-Controlled
Cableway Hoist Systems

Yuanjie Ying Tao Wang Qizhi Wang

1. Yangzhou State Grid Electric Power Tools R&D Manufacturing Co., Ltd., Yangzhou, Jiangsu, 225200, China
2. East China Power Transmission & Transformation Engineering Co., Ltd., Shanghai, 201803, China

Abstract

Remote-controlled cableway hoists serve as crucial platforms for intelligent upgrades in cableway transportation systems. To
address persistent challenges including high safety risks and poor adaptability to complex working conditions in traditional manual
operations, this study investigates wireless communication stabilization technologies and their application. The research focuses
on four key areas: communication stability, precision power transmission control, safety monitoring systems, and multi-scenario
adaptability. Breakthroughs were achieved in wireless anti-interference transmission, load adaptive regulation, and real-time
monitoring systems integrating multiple sensors. The resulting next-generation hoist features remote operation, intelligent speed
control, and safety interlock mechanisms. Engineering tests and field applications demonstrated a response latency of <50ms, +3%
load adjustment accuracy, and 100% operator evacuation rate from hazardous zones. These advancements significantly enhance
cableway transportation safety, efficiency, and cost-effectiveness, with broad applications in mountain logistics, engineering lifting
operations, and cultural tourism transportation. The technology provides essential support for intelligent transformation of cableway
equipment, demonstrating significant engineering value and promising commercial potential.

Keywords
remote control cableway; key technology of traction machine; application
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Brief Discussion on Rural Domestic Waste Treatment
Technologies in Hunan Province

Chunhua Ma

Chinalco Environmental Protection and Energy Conservation Technology (Hunan) Co., Ltd., Changsha, Hunan, 410011,
China

Abstract

The ecological environment of the Xizang Plateau region is fragile, and copper mining and beneficiation activities pose a potential
threat to the soil environment. Taking a typical copper mining and beneficiation project in Xizang as an example, this study
constructs a one-dimensional unsaturated solute transport model using the HYDRUS-1D software in accordance with the Technical
Guidelines for Environmental Impact Assessment - Soil Environment (for Trial Implementation) (HJ964-2018). It simulates and
predicts the vertical infiltration and migration process of heavy metals in the vadose zone triggered by the rupture of the wastewater
collection tank under abnormal conditions. The prediction results indicate that under the conservative scenario without considering
natural attenuation effects such as adsorption and degradation, the concentrations of copper and lead in the soil profile accumulate
continuously over time. By the 40th year, the soil concentration between the leakage point and the groundwater level approximates
that of the leakage source. This study verifies that the HYDRUS model can effectively simulate the migration pattern of pollutants in
the vadose zone of plateau mining areas. The prediction results provide a critical scientific basis for the formulation of the project’s
zoned anti-seepage design, environmental risk control and management, as well as soil and groundwater tracking monitoring
schemes.

Keywords
Xizang Plateau; copper mining and beneficiation; soil pollution prediction; HY DRUS-1D;vertical infiltration; heavy metal migrationl
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Experiment Design of Logistics Sorting System

Enwei Xiong QiAn’
Shanghai Shanda College, Shanghai, 210202, China

Abstract

This paper designs and implements an automated product inspection and sorting system based on the Siemens S7-200 PLC,
integrating sensor technology, stepper motor control, and pneumatic actuators. The system achieves a fully automated process from
material feeding, transmission, and inspection to precise sorting, serving as a project for a university electromechanical systems
course design. The system adopts a modular design, with hardware components including a stepper motor-driven conveyor belt, color
sensors, proximity switches, and cylinder groups. On the software side, PLC programming enables multi-sensor signal collaborative
processing and motion control logic optimization. In the key technology implementation, the two-point learning method of the color
sensor is used to set thresholds for red, green, and blue targets. Combined with the PLC’s high-speed pulse train output, issues such
as material reflection interference and timing deviations in sorting actions are resolved. The innovative aspects of this system lie in
its multi-sensor collaborative control strategy and low-cost modular architecture, providing a reusable experimental pathway for
university electromechanical system design courses.

Keywords

PLC; material sorting; automatic control; color sensor
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Progress Control and Resource Allocation Strategy of
Scientific Research Project Implementation by Stages

Xuanwen Wang

Beijing Qingyun Aviation Instrument Co., Ltd., Beijing, 100000, China

Abstract

In the implementation of airborne product research projects, progress control and resource allocation are critical factors for ensuring
successful completion. A phased implementation strategy for research projects can effectively coordinate work progress across
stages, ensure rational resource allocation, and mitigate potential risks. This paper explores the overall planning and stage division
of phased implementation in research projects, analyzes progress control strategies and resource allocation methods for each stage,
with particular emphasis on key strategies in project progress monitoring, risk management, and resource allocation. Additionally,
based on the implementation characteristics of different stages, phased risk identification and response measures are proposed to
ensure smooth project advancement and efficient execution. By optimizing progress control and resource allocation strategies, the
implementation effectiveness of research projects can be significantly enhanced, management risks reduced, and all tasks successfully
completed.

Keywords
research project; phased implementation; progress control; resource allocation; risk management
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Design and Research of Intelligent Voice Interaction for the
Elderly

Xinyi Yan' Yuzhen He’

1. Chang'an University,School of Humanities, Xi'an, Shaanxi, 710064, China
2. Chang'an University, School of Automobile, Xi'an, Shaanxi, 710064, China

Abstract

The intensifying aging population and the widespread adoption of intelligent technology create a stark contradiction, making the
digital divide among the elderly increasingly prominent. Intelligent voice interaction, with its inherent advantages of contactless
use and low operational threshold, has become a key breakthrough for improving the use of smart devices among the elderly. This
study, based on the physiological and psychological characteristics and cognitive patterns of the elderly, focuses on the core issues of
age-appropriate intelligent voice interaction design. It systematically conducts research on elderly users’ voice interaction cognitive
mechanisms, design framework construction, prototype development, and validation by integrating research methods such as
bibliometrics, user interviews, eye-tracking experiments, and fuzzy analytic hierarchy process. The innovative aspect of this study
lies in revealing the multidimensional cognitive barriers and needs of elderly users in voice interaction, proposing an age-appropriate
voice interaction design framework covering four core dimensions: input, comprehension, output, and process, and establishing a
usability evaluation system that combines quantitative and qualitative methods.

Keywords
elderly users; intelligent voice interaction; age-appropriate design; cognitive characteristics
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Application and Development Considerations of Intelligent
Automotive Detection Technology

Jinpeng Li
Inner Mongolia Tiechen Intelligent Equipment Co., Ltd., Ordos, Inner Mongolia, 017000, China

Abstract

The intelligent development of the automotive industry is accelerating, with intelligent detection technology becoming a crucial
component in enhancing vehicle safety performance and operational efficiency. Researchers employed a combination of theoretical
analysis and technical evaluation to elaborate on the core principles and specific application methods of intelligent detection
technology. This technology significantly improves fault identification speed and data acquisition effectiveness while promoting
the advancement of detection methods toward greater intelligence. The conclusions drawn from the study can effectively enhance
automotive safety systems and simultaneously drive continuous technological progress across the industry, yielding highly positive
impacts and far-reaching value.

Keywords
intelligent detection technology; automotive safety system; technological innovation
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Engineering Technology Innovation Oriented towards
Green Chemical Industry and Its Application in Chemical
Engineering

Shaowu Wang Xuanxuan Gao
Shandong Hengxin High-Tech Energy Co., Ltd., Tai’an, Shandong, 271411, China

Abstract

This study places particular emphasis on engineering technological innovation within the context of green chemistry, conducting a
comprehensive analysis of how novel engineering technologies are integrated into chemical engineering practices and implemented.
Addressing the practical requirements of green chemistry, it thoroughly examines cutting-edge technologies emerging in recent
years and their application to core process flows, clearly demonstrating how technological innovation enhances energy efficiency,
reduces environmental pollution, and facilitates the achievement of sustainable development goals. Starting from real-world
engineering projects, the research systematically analyzes how innovative technologies optimize product quality, improve economic
returns, and refine process flows, with experimental validation confirming their detailed effectiveness in energy conservation and
emission reduction. The findings highlight the significant application potential of engineering technological innovation in chemical
engineering, provide innovative solutions for green process improvements, and promote broader adoption of green chemistry
concepts in industrial production.

Keywords
green chemistry; engineering technology innovation; chemical engineering applications; sustainable development; process flow
optimization
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Chemical Separation Process Optimization and Environmental
Impact Assessment Based on Engineering Technology

Yi Cheng Yanwei Qu

Shandong Hengxin High-Tech Energy Co., Ltd., Ningyang County, Tai’an City, Shandong Province, Tai’an City, Shan-
dong, 271400, China

Abstract

This study focuses on addressing critical challenges in chemical separation processes, including excessive energy consumption,
low operational efficiency, and severe environmental pollution impacts. By employing modern scientific methodologies, we have
developed innovative and optimized solutions. The research begins with theoretical analysis, conducting comprehensive evaluations
of each step in traditional processes—from raw material processing and chemical reactions to final treatment—to identify key
operational parameters and existing issues. Through advanced heat transfer control technologies combined with optimized reactor
design, we restructured the entire production workflow. This approach accelerates chemical reactions, improves product quality, and
significantly reduces emissions of harmful pollutants. Experimental data clearly demonstrate that the enhanced process achieves
higher energy efficiency while minimizing ecological damage. Further assessments confirm that the redesigned process fully
complies with green manufacturing standards and sustainable development requirements, enabling enterprises to substantially reduce
production costs and enhance market competitiveness.

Keywords

chemical separation; engineering technology; process optimization; environmental impact assessment; green manufacturing
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Study on the Influence of Random Corrosion on the Seismic
Performance of Vertical Storage Tanks

Juncheng Xin Xiang Li Bolin Wang Yiding Guo

School of Civil Engineering, Dalian University for Nationalities, Dalian, Liaoning, 116650, China

Abstract

To mitigate the impact of earthquakes on the risk of tank failure, this study focuses on a 10,000 cubic meter large vertical steel tank
and proposes a coupled Monte Carlo simulation and ADINA finite element method to investigate the evolution of the tank's seismic
performance under random corrosion. A fluid-structure coupled finite element model of the tank-liquid storage system is established
to generate random corrosion morphologies and perform stress and acceleration time-history analysis. The results indicate that
corrosion pits weaken local stiffness, induce stress concentration and local acceleration increase, and exacerbate the deterioration of
the tank's dynamic performance and resonance risk.

Keywords

vertical storage tank; corrosion; numerical simulation; fluid-structure coupling
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Research and Application of Intelligent Unmanned Operation
Mode for Rubber Extrusion

Haibin Liu Han Jiang Chao Sheng Jinyun Yin
Zhuzhou Times New Materials Technology Co., Ltd., Zhuzhou, Hunan, 412000, China

Abstract

The rubber preform manufacturing process for primary springs in rail transit vibration damping products has transformed traditional
manual workflows through digital and intelligent production systems. Leveraging information technology, smart automation, and
Al-driven solutions, the system achieves automated cutting, weighing, material transfer, mechanism integration, and AGV delivery
systems. An upper-level extruder control system serves as the central hub, interfacing with Manufacturing Execution System (MES),
Automated Guided Vehicle (AGV) Scheduling System (RCS), extruder PLCs, and feeding mechanism PLCs. Industrial Wi-Fi
enables real-time data exchange across interconnected systems, allowing MES to initiate rubber material demand commands while
the extruder control system coordinates PLCs and RCS to synchronize automated equipment operations. This establishes a fully
intelligent unmanned production model for extrusion rubber materials. The smart unmanned extrusion facility exemplifies innovative
“digital transformation and intelligent upgrading” strategies, integrating IT/OT/CT technologies to enhance new productivity
capabilities, strengthen manufacturing platform competitiveness, and create cutting-edge digital application scenarios.

Keywords
preform molding of rubber compounds; automatic extrusion; automatic coupling; automatic distribution; intelligent unmanned
operation
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Finite Element Analysis of Water Impermeability Test
forpolymer-Modified Cement cCompounds for Waterproofing
Membrane

Yiding Guo Miaomiao Wang Xiang Li Bolin Wang Juncheng Xin

School of Civil Engineering, Dalian University for Nationalities, Dalian, Liaoning, 116650, China

Abstract

To investigate the effects of disc structure and test parameters on the evaluation results in the impermeability detection of polymer-
cement waterproof coatings, this study was carried out in accordance with standards including GB/T 23445-2009 and GB/T 16777-
2008. The ABAQUS finite element analysis software was used to establish two detection models of a 7-hole disc and a 19-hole disc,
so as to simulate the impermeability test processes under a pressure of 0.3 MPa for 30 minutes (for the 7-hole disc) and 60 minutes
(for the 19-hole disc) respectively. By analyzing the stress distribution, strain characteristics and mechanical response laws of the
coating film samples, the rationality of the two detection methods was compared. The results show that the ABAQUS finite element
simulation can accurately reproduce the mechanical behavior of the impermeability test of polymer-cement waterproof coatings,
clearly reveal the influence mechanism of test parameters on the test results, and verify that the test scheme of the 19-hole disc
combined with a 60-minute load holding time is more reasonable, which provides theoretical and data support for the optimization
and improvement of the impermeability test standards for such waterproof coatings.

Keywords
Polymer-cement waterproof coating; Impermeability; Finite element analysis; ABAQUS; Disc structure
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Current Situation and Management Measures of Measurement
Management in Basic Units of Oil and Gas Fields

Yuanyuan Xu

Xinjiang Oilfield Company, Karamay, Xinjiang, 834000, China

Abstract

Measurement management at the grassroots level of oil and gas fields is of great significance to production operations, but many
problems currently exist. In terms of management awareness, it is generally weak, and there is insufficient attention to measurement
work; the management of measuring instruments is chaotic, with loopholes in procurement, ledger recording, maintenance, and
disposal processes; the professional quality of measurement personnel varies greatly, and the training mechanism is imperfect, making
it difficult to meet work requirements; measurement data management is not standardized, with frequent problems in collection,
recording, transmission, and analysis, and accuracy cannot be guaranteed. To address these issues, it is necessary to strengthen
the measurement management awareness of all personnel, standardize the management of measuring instruments and enhance
maintenance, improve the professional quality of measurement personnel and perfect the training mechanism, while standardizing
measurement data management, in order to ensure safe and efficient oil and gas field production.

Keywords

oil and gas field; measurement; management
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Exploring the Teaching Model of AI+VR Battery Maintenance
Training Course under the Integration of Industry and
Education

Xiaoning Yu
Luohe Food Engineering Vocational University, Luohe, Henan, 462300, China

Abstract

In the context of the rapid development of the new energy vehicle industry, the demand for battery maintenance technical talents
continues to increase. Traditional practical training teaching has certain limitations in terms of safety, equipment cost, and the
authenticity of the teaching scenario. The integration of industry and education provides a new path for vocational education to
achieve resource collaboration and practice-oriented guidance. Introducing artificial intelligence and virtual reality technology into
the training course helps to build a highly realistic and interactive learning environment. Focusing on the battery maintenance training
course, this paper analyzes the application mechanism of Al and VR technologies in teaching, and explores the reconfiguration of the
course system and the optimization of the teaching model under the integration background. By constructing a virtual-real integrated
training system and an intelligent evaluation mechanism, students’ operational ability and professional quality can be improved,
achieving an effective connection between teaching quality and industrial demands.

Keywords
Integration of Industry and Education; Artificial Intelligence; Virtual Reality; Battery Maintenance; Practical Training Teaching
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Discussion on the Application Methods of Electronic
Diagnostic Technology in New Energy Vehicle Maintenance

Weidong Wang
Inner Mongolia Tiechen Intelligent Equipment Co., Ltd., Ordos, Inner Mongolia, 017000, China

Abstract

With the rapid popularization of new energy vehicles, brand-new challenges have emerged in their maintenance technology. This
paper focuses on the efficient application of electronic diagnostic technology in the maintenance of new energy vehicles. Through
an in-depth analysis of the fault characteristics and diagnostic procedures of automotive electronic control systems, a maintenance
method based on rapid fault location and module inspection is proposed. This technology can significantly improve fault detection
efficiency, shorten maintenance cycles, and reduce maintenance costs, thus exerting a positive effect on ensuring the reliable
operation of vehicles. The research results provide theoretical support and practical basis for the improvement of new energy vehicle
maintenance technology and the optimization of relevant technical specifications.

Keywords
new energy vehicles; electronic diagnostic technology; automotive electronic control system; rapid fault location; module inspection
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Integration and Application of Robotic Technology in
Automotive Production

Qiang Wang
Inner Mongolia Tiechen Intelligent Equipment Co., Ltd., Ordos, Inner Mongolia, 017000, China

Abstract

With the widespread adoption of Industry 4.0 and smart manufacturing concepts, robotic technology is playing an increasingly
critical role in automotive production. This paper focuses on researching the integration and application of robotics in key processes
such as assembly, welding, and painting. Through scientifically planned systems and optimized production workflows, efficient
collaboration between robots and traditional production equipment is achieved. The research results indicate that this technology
can not only significantly improve production efficiency and product quality but also reduce energy consumption and production
costs. These findings hold substantial significance for promoting the transformation and upgrading of the automotive manufacturing
industry, enhancing overall competitiveness, and achieving green, intelligent production.

Keywords

robotic technology; automotive production; system integration; smart manufacturing; process optimization
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Research on Energy-saving Measures for Boiler Operation
in Thermal Power Plants

Ming Wu
Huaneng Gansu Energy Development Co., Ltd. 803rd Branch, Lanzhou, Gansu, 732850, China

Abstract

Against the backdrop of China’s power structure still relying heavily on large-scale thermal power for supply assurance and
regulation, boiler energy efficiency has evolved beyond mere fuel consumption control to become a comprehensive issue involving
unit economic performance, environmental stability, peak load adaptability, and long-term operational capacity. Current challenges
in boiler energy conservation primarily manifest in deviations from designed coal types, increased deep peak-shaving operations,
aggravated heat transfer surface contamination, and intertwined issues of flue gas resistance and air leakage. Relying solely on
single-parameter pressure drop often fails to achieve sustained results. To address this, the article examines common boiler operating
scenarios in thermal power plants, systematically analyzes the energy-saving value and actionable measures, and conducts in-depth
studies on fuel compatibility, pulverizer adjustment, combustion air distribution, ash blowing cleaning, and flue gas loss control,
aiming to provide directly applicable technical insights for optimizing similar unit operations.

Keywords
Thermal power plant; Boiler; Operation; Energy-saving measures; Exploration
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Research on Crop Planting Strategy Considering Random
Perturbation

Qiang Li' Feifei Huang' Qiang Hao' Wenlin He’ Jinhua Tan® Wei Li*

1. Guangzhou Railway Polytechnic, Guangzhou, Guangdong, 511300, China
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China

Abstract

To achieve sustainable development of the rural economy, it is necessary to formulate efficient planting strategies that increase
crop yields while minimizing production risks. This paper takes a village in North China as an example. Considering the random
perturbation of planting costs and sales prices, the repeated random sampling method is adopted to solve each random fluctuation
term. Furthermore, the simulated annealing algorithm is improved using Monte Carlo simulation to enhance its robustness in
searching for optimal solutions in a stochastic environment. It is then embedded into the linear programming framework to solve
multi-objective optimization models under various constraints. Based on this, an optimal cropping strategy for the village from 2025
to 2030 is formulated to enhance the long-term resilience of the agricultural system.

Keywords
Random perturbation; Simulated annealing algorithm; Optimal planting strategy for crops

Z R REHLI B R E M A AE SR EG A 52

gt OEEETE Y MPeR ' Aok EERAE =T
LNk R R B, FRE - ) A TN 511300
2. IS FEIMYS AL TREEBe, PR - T 7R L 524048

i E

AERGHEFORE ., THELE, LAMEHHGHHERTIRR, ERTRAEDZBORN, AREKERS T
R, AXRELIEE—BA FA, L6F BAHRARTHHENKMIVESF 2 TR B E, JINELMILHF T
R AR R T FHATARE A R, #—F, B0 FS TSGR K kAT, R A A MAAIRE T 8 TS
ok, WL SANEHIINIER P, £5F, mAh, KBELRRLYREHT, RBLKBHRABAR, AT, HizdHHe
20254 £20305FVE 4 69 SRARAT AL SR, AKEZIR R I R ey KEpFnlE

KA
MWD ; BEBAR K Sk VR4 0y AL AP AR SR o

I PR RRAREAT, MAEEHEEIE " 5
e TR T e, PUERCTER, BRI R RN, A%k

‘ B il O AR SR 34 -k, ETRA

1201 65, T RH. BAE . BRI,

[£&WE] 2026 57 FANROFMEEIAS (g CF 16 THBAS S PRSI, S FAMm RS

0.6 7 .
MNEPIFEE) (IMBRS: ; ° N -
ERBRIEER) CREMRS: 202600006009 s "SFH ey e kionpl, b SEDIOREEA TR

L& SETEIBIFTNAERS DELERRETWRES  furuhlsaberic, iz 2025 S5 2030 SRR
RESEHR (MSHES: 2J25Y888) o R, B, HETH SRR AR SR SRS
[EZGA] 238 (1989—) , B, DESIFHGENA, B PUTPHRR, HRAEERUE K SRS
2. Tk ST N FAR . JT
- B, BT E, EISFIOSRAAOT R, R
TRLH S R 2R . e — R SR i b
LBRMER] FD (1988—) , B, THE, DHHIER

N, B, Wb, MSITRERZ. ERSIE) DR,

64



FEEHETE - £ 03% - £ 044 - 2026 £ 04 A

WUEALTE BRI T a8k, REFENZS RTER
FIRERLIE S FEOER LB, A SRR IR R
SRR R A SR IR

2 EERRIL
TENEE S MEYFIE LRI, AR RS E 440
FERETRIEEm YT, TR TR e s Ta6HE
o XERIL B PRI ORI SRR R, AREm
BENLILAC SRR Rl e PR R S . BT
(1) Hi% 2023 FEZAE = ESF T 2023 FEZEYIT
HE;  (2) RIEFTEEMNFMER A F IR 4% &
6% 2y (3) [RGB E N BN PR 4%
6% LAl (4) R E PR EZEE .
3 BN BhiEY
3.1 FhiER ARG KRB B 5L
ST L) . SEFERECR AR E S EREY
Wi, ASCERS SV EYME A S AR S e S S Ao A
KRE 5% EH1FE), BAREEEEEE N 4% E 6%, DL
bR FERHEE N BRI RAR Y, B Rk
{pc,.=pc,-lx(1+r4), i=2024,2025, 2030
4 €1[0.04, 0.06]
A pe, BRENEDASK LV IFER A, r, #RE
VERIAKME A I BN LHEHK 2R AT
3.2 SHEMIEREHRE AE L
3.2.1 MR EARM A B M AS ALK SR o 3 52
ETRETSNE AN TEE, HEZEFENEE
B, AR REM S ENMISTE 2023 FIEHEN
FeAth EAFIE + 1% PFEBRBENIAD, BN an N RENLR AT,
B S U WOR!
{csp,-=csp2023><(l+r5), i=2024,2025,~ ,2030
rsE€[-0.01,0.01]
AR esp, FHRBEBED AR LENHENKE,
TR B BRI SR RN LA,
322 RE RN EMABRIIG KRR & 5
BB IEMNHENIEZTHMT . TR
RIS ER R, ST IERY 5%, DUtk
A RBERHERAR A .
{vsp,:vsp,»_l x(1+rg), i=2024,2025,~ 2030
re €[0.04, 0.06]
HA R vsp, TR R BEW AR ILE S ENIE, r
PR R A K NS O BEN LIS R I AT
3.3 Z1EMFhAE A AN TR B M 8 FEVIIRE B B K %
AT HE ME AR S (BN LIE ST, R A E
BRI, BN RS R e, S
FEDT SR S5 Al AR IE O AR L, 51T T 2000 YRS

(1)

(2)

(3)

REEHURRE, AR TR RO VTR IR R S
WEALEEVE AR E. B2, NEMR LS
HUARHIE S S rasy, Wz Bt T Al eb e, 4niEl
1R, ARSI ISR TR SRR 2R A

1 34T 2000 RAEI AT AR4L E

4 ZelE KIS
41 EXRRTE
0
x;‘,j,k: {1
b a8 0-1 58, 0 FoRE j MIEWTES k =)
AREES i Btk |, 1 FoREE j M EWES k RS
TR i bk |
4.2 HE BiReRE
a) B, SRR

2030 34 107 2

max fi= Z Z Z Z x;J‘kX (spjxmin(ayjXareaj,svj)—pchareaj)

=2024 i=1 j=1 k=1

(4)

(5)

Hor iy sv; FoR 3 j M EVIRTIIIHE, ay, o5 j
TEVIR =8, sp; 2R j MEMIRSHERYT, po TR j
FEMIR R EFMERA, area, FoR5 j MM EMIHIFIETEFA

b) T EL % 2023 SFHHEGIEHY 50% FEHMH &

2030 34 107 2

Z Z Z Z xi,-ykxareajx [(spjxmin(aijareaj,svj)+Qj ><sp,2023 XOAS)*pcj]

=2024 i=1 j=1 k=1

max fr=

(6)

Hrby 0 FoRE j PV BLE AR N T B &
By, sp™ Fom 2023 58 j MEDIIBIE R
4.3 B3 LM KIRE

G DIETFRER RN S HAreREL, DL i
PHE . PES . TFRRELEARGM, ArpliE
PAREBLAVZR MR, Eher ks an T

a) I ER DA, SRR

2030 34 107 2

' .

L X X X . . )= X N
E E Xiik (spj mm(ayj area/,svj) PC; areaj)
=2024 =1 j=1 k=1

max fi=

(7)

65



FHXBIF S TE - £ 03% - 504 4 - 2026 £ 04 A

x =1LV, E (PRI, B i)
x;,=0,V,€ (PRt BiH . i)
=LY =K TR, B 3R =k bt
X o=1V =R MBS =K Ve
=153 = E K
Xt o=1/=F I B i= 3 A

xf =1 =P 2 B i= R
T+2

Z Z x{;21,7=2024,~ 2027

=T je G210

st.

(8)

34 2

Z Z)Hid-vkxareajzémmj

=1 k=1
2030

1 =1 _
Xij k7% 4=0

=2024

b) HEEBI % 2023 FHHENHER 50% FEOTHI &

2030 34 107 2

ZIREEMEIA 8 FTo
4.4 {EBIR AR

SERF RIS ¥ VR A — bR TRER ST BEN UL S
RO E AT, F AT
FRHEVERIE, BEPhE ki O MR —FZ R ko
FREE M ERMAER, W5 AR S R HS,
AR AR, MBI R e R R IR, 4
FrS2RE RIS B R A SR K EERORESE T, R
PETEREHLIREE RIS BRI SISk . Bkms, FIAE=
i B RS RPN, MR,
7F Matlab ‘-5 _F#fT 2GR AOKER, RASFHIZ S H 2025
42 2030 AF[H)iE 7 FEH LI S0 S eV E P iE SRS . (R T

- 1 xarea|(spy<min(ay;<area,sv,}+0spRx0.5)—pe;
i Jy 2oy Qe i e O ] e R TR TR (1
(9) 1), HEnKEESFERE 2 SE B E 2 B,
R1BEREABA () NER
2024 2025 £ 2026 £ 2027 £ 2028 £ 2029 4 2030
24396850 21723419 17369513 22158953 22251186 22493030 17177200
s SRR R 2P AR
S 2% 3Tk
i [1] G At AR A T+ M IR PR A S A ) B R T4
FHHTF &G E NI, HR E A i 51X X],2019,40(11):26-
2 34,
¥ [2] B, 10 HIAES. & MR ORI S /K G A H i = A
# 23 Sy TREEAR, 2019, 35(16):134-144.
[3] BRSBTS S i i B R 0T
2.25 B DB T 835 DX BRI AR 5 X 24 B [T, i Tl B,
2025, 66(09):2287-2291.
22)7"8 100 150 20 250 300 30 400 450 500 (4] T3k A HOI Mok e b I B0, S50t S L [0 ek 2
e e S R E7,2022,2(05):49-54.
B 2 BB NARERRA K E [S] FHHE M7 55, 1016, SET AR e (i
[,k AR B 24 (AR REAR), 2025, 43(06):61-67.
5 45ig

AR RIS RAVIR KL, TS R A
B RHESR T2 RRRAET], AIARBK R, MInfiE
R FER LIRS B R RS o IR TS A et
SEEIRENTITR, FRIR T SChRn R ThE. P,
SRR EREN U Sk UL, Wi, A
EERY NIRRT, FE—ERRERIRE, fESKEEDK

66

[6] SRl SRR 52 M D] AR T #,2014.

(7] 8 = AEHGR K B I R N SB[ ]. i S5 AR T B
$1%,1999,(03):212-218.

[8] LiJunging, Liu Zhengmin, Li Chengdong, et al. Improved artificial
immune system algorithm for type-2 fuzzy flexible job shop
scheduling problem[J]. IEEE Transactions on Fuzzy Systems,
2021,29(11): 3234-3248.



BHRGIFETE - £ 035 - £ 048 - 2026 £ 04 A DOT: https://doi.org/10.12349/tie.v3i4.10079

Research on Al Optimization Strategy for Tourism Buses
Facing Holiday Passenger Flow Fluctuations

Yanwen Xie
Hubei Urban Construction Design Institute Co., Ltd., Wuhan, Hubei, 430000, China

Abstract

During holiday periods, tourist bus systems face a prominent contradiction between highly uneven spatiotemporal passenger flow
distribution and rigid capacity allocation. Traditional scheduling approaches, which rely on historical experience and static timetables,
struggle to respond to pulse-like demand fluctuations, resulting in reduced service capacity and lower passenger satisfaction. To
enhance the system’s adaptability to extreme passenger flows, this study develops an Al-enhanced framework integrating multi-
source data perception, deep learning-based forecasting, and reinforcement learning-driven scheduling. On this basis, a multi-agent
reinforcement learning mechanism is introduced to optimize departure intervals and vehicle allocation at a minute-level granularity,
thereby forming a closed-loop, flexible scheduling decision engine. Meanwhile, a human—machine collaborative interaction
architecture is designed to incorporate dispatcher expertise with algorithmic recommendations, improving system robustness
and operational feasibility. Experimental results demonstrate that the proposed approach significantly enhances capacity-demand
matching and operational stability during peak periods, providing a feasible pathway for the intelligent transformation of smart public
transport systems under complex holiday scenarios.

Keywords
holiday passenger flow forecasting; Al-based scheduling optimization; tourist bus system; graph neural networks; reinforcement
learning
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Optimization of Multiphase Flow Field and Analysis of
Enhancement Mechanism in Metallurgical Reactor Based
on Numerical Simulation

Guangze Wei
University of Science and Technology Liaoning, Anshan, Liaoning, 114051, China

Abstract

Metallurgical reactors serve as core equipment in metallurgical production processes. The coupled behaviors of multiphase flow, heat
and mass transfer, and chemical reactions within them directly impact product quality, energy consumption, and pollutant emissions.
Traditional experimental research methods struggle to comprehensively capture the complex physicochemical phenomena occurring
inside reactors. Numerical simulation technology, with its advantages of low cost, high efficiency, and strong reproducibility, has
become a crucial tool for revealing multiphase flow field characteristics, optimizing process parameters, and elucidating enhancement
mechanisms. This paper systematically expounds the fundamental theories and methodologies of metallurgical reactor numerical
simulation, analyzes the distribution characteristics of multiphase flow fields in typical metallurgical reactors such as blast furnaces,
converters, electric furnaces, and continuous casting tundishes, explores key strategies for flow field optimization and process
enhancement, and demonstrates the practical value of numerical simulation in optimizing metallurgical reactor design.

Keywords

numerical simulation; metallurgical reactor; multiphase flow field; flow field optimization; process intensification
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Research on Safety Management System Optimization
for Confined Space Operations in Industrial and Trade
Enterprises

Yufeng Hu Tangxin Zhao Zigang An
COFCO Heilongjiang Brewing Co., Ltd., Zhaodong, Heilongjiang, 151100, China

Abstract

Safety management in confined space operations within industrial and commercial enterprises has become a critical yet challenging
domain due to enclosed working environments, compounded hazards, and complex operational processes that exhibit sudden
occurrence and high injury potential. This study systematically examines systemic weaknesses in confined space safety management
systems regarding regulatory compliance, risk identification, and on-site control measures, while proposing optimization pathways
for framework development. Through analysis of hazardous factors and accident causation mechanisms in confined spaces, the
research integrates key elements including risk classification control, operational approval procedures, and safety technology support
to establish a comprehensive management system covering pre-event prevention, in-process control, and post-event evaluation. By
incorporating standardized operational protocols, real-time monitoring systems, and multi-department coordination mechanisms,
the study facilitates a shift from reactive response to proactive prevention in safety management, providing systematic support for
enhancing safety standards and operational efficiency in confined space operations across industrial and commercial enterprises.

Keywords

confined space operation; safety management system; risk control; operation approval; emergency management
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Research on Quality Management and Fine Control in the
Entire Process of Instrument Manufacturing Engineering

Mingjie Li
Zibo Beiyue Equipment Protection Engineering Co., Ltd., Hainan Branch, Danzhou, Hainan, 578101, China

Abstract

The comprehensive quality management and refined control throughout the instrument engineering construction process are crucial
for ensuring the smooth implementation of engineering projects. With the advancement of engineering technology,the requirements
for construction quality management have become increasingly higher,and traditional management models can no longer meet the
demands for refined control.This paper aims to explore the current status and issues of instrument engineering construction quality
management,analyze the theoretical foundation of comprehensive quality control,and propose optimization plans by integrating the
application of refined control. Through the construction and implementation of the quality management system and the analysis of
refined control strategies,the paper seeks to enhance the quality control level during the construction process,reduce potential quality
risks,and ensure the high-quality delivery of the project.Additionally,this paper discusses the application of information technology in
quality management and suggests optimizing management processes through technical means to achieve refined control throughout
the entire process.

Keywords
Instrumentation Engineering; Construction Quality Management; Precision Control
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Development and Prospects of Sleep-Energy Health
Management System in High-altitude Hypoxic Environment

Xinong Wang
Yunnan Medical and Health Vocational College, Kunming, Yunnan, 650300, China

Abstract

In high-altitude hypoxic environments, sleep disorders and energy deficiency remain major challenges constraining health standards
and development capabilities among plateau residents. Existing health products suffer from poor adaptability, high costs, and lack of
integration with local resources. This study utilizes a vocational college student innovation and entrepreneurship project as a platform
to develop a precision health management system for sleep and energy regulation tailored for grassroots plateau communities. By
leveraging the unique environmental characteristics of high-altitude regions, the solution incorporates a dual hardware linkage
system comprising portable monitoring terminals and home-based intervention devices. Concurrently, the project plans to develop
complementary health consumables using indigenous medicinal and edible ingredients from Yunnan’s plateau areas, exploring
industrialization pathways involving enterprises, cooperatives, and farmers. Based on an industry-education integration model, the
initiative highlights vocational students’ practical skills and promotes project updates through innovation competitions. Its objective
is to provide cost-effective, inclusive health management solutions for plateau regions while supporting rural revitalization through
collaboration with local specialty industries. The research only outlines project design concepts and development plans without
including real-world implementation data, offering practical references for innovative development in plateau health industries.

Keywords

Plateau Health Management; Intelligent Health Devices; Local Raw Materials; Innovation and Entrepreneurship Practice; Rural
Revitalization
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Research on High-yield and High-efficiency Production
Organization and Process Optimization for Fully Mechanized
Mining Faces

Hanbin Wang
Shanxi Xinzhou Shenda Qifeng Coal Industry Co., Ltd., Xinzhou, Shanxi, 036700, China

Abstract

This study addresses the challenges of low production efficiency, lax organizational management, and process incompatibility in
fully mechanized mining faces (FMMF) by integrating modern mining practices. It analyzes deficiencies in current production
organization models and coal mining techniques, proposing optimization strategies across three dimensions: workforce allocation,
equipment control, and process coordination. By refining operational parameters for critical operations including coal cutting, support
systems, and transportation, field validation demonstrates that these improvements enhance face productivity while reducing costs.
The findings provide actionable insights for achieving high-efficiency production in FMMF operations.

Keywords
fully mechanized mining face; high production and efficiency; production organization
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Research on Surrounding Rock Stability Analysis and Support
Optimization for Deep Coal Mine Mining Engineering

Yamin Liu
Shanxi Xinzhou Shenda Qifeng Coal Industry Co., Ltd., Ningwu, Shanxi, 036700, China

Abstract

In deep coal mining engineering,the stability of surrounding rock is a key factor in ensuring mine safety and improving production
efficiency.As the depth of mining continues to increase,the stability of surrounding rock faces greater challenges.The destruction and
deformation of surrounding rock directly impact the safety of the mining process and the design of the support system.This paper
analyzes the factors influencing surrounding rock stability in deep coal mines,including geological conditions,mining methods,and the
physical and mechanical properties of surrounding rock,and explores the mechanisms of surrounding rock deformation and failure.
By applying various stability evaluation methods and combining actual mine data,the paper assesses the impact of different support
technologies on surrounding rock stability and proposes an optimized support design plan.The research provides theoretical basis and
technical support for the support design of deep coal mining projects,contributing to the sustainable development of coal mining.

Keywords
deep coal mine; surrounding rock stability; support optimization; mining engineering
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Application Discussion on Remote Fault Diagnosis
Technology for Industrial Automation Instruments

Wenpian Zhong
Zibo Beiyue Equipment Protection Engineering Co., Ltd., Hainan Branch, Danzhou, Hainan, 578101, China

Abstract

Focusing on the operational reliability of industrial automation instruments in complex industrial systems and the demand for
remote operation and maintenance,this study systematically analyzes the application pathways and implementation mechanisms of
remote fault diagnosis technology in engineering practice.Considering the multi-type and multi-condition operating characteristics
of automation instruments,common fault types and diagnostic requirements are summarized.A remote diagnosis technical system
is constructed from key aspects such as data acquisition,communication transmission,and multi-source information fusion.On this
basis,the architecture and engineering application modes of the diagnostic system are examined,and the mechanisms of platform-
based integration and coordinated remote operation and maintenance are discussed.Meanwhile,safeguard systems and optimization
strategies are proposed from the perspectives of system security,data reliability,and standardized operation and maintenance.Through
the coordinated advancement of technology and management,the efficiency of fault identification and the operational stability of
industrial automation instruments are improved,providing support for the safe and efficient operation of industrial systems.

Keywords
industrial automation instruments; remote fault diagnosis; data acquisition; communication transmission; operation and maintenance
management
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Research on Prevention and Control of Groundwater
Seepage and Drainage System Optimization in Foundation
Pits of Sedimentation Pump Stations

Xinwei Jiang Xingzhi Yu Chunzheng Xiang Lei Zang
Gansu Jingmei Energy Co., Ltd. Hydropower Management Branch, Baiyin, Gansu, 730900, China

Abstract

Submerged pump stations are widely used due to their compact structure, stable operation, and good water suction conditions for
pumps. Most of these pump stations are located in low-lying areas or near rivers and ditches, where the bottom plate of the pump
room is constantly below the groundwater level, and water pressure persists around the foundation pit. When the strata fractures are
developed, the permeability of the gravel layer is strong, and the waterproof joints are aged, groundwater will seep and gush into the
interior of the pump room. The seepage water will damage the operating environment, reduce the durability of the structure, and pose
risks such as equipment corrosion, foundation hollowing, and local subsidence. To address this issue, relying solely on sump pumping
and drainage cannot achieve long-term stable control effects. Instead, seepage control, anti-seepage repair, drainage organization, and
operation monitoring should be integrated into a system to improve the safe operation level of the pump station.

Keywords
subsiding pump station; foundation pit seepage and inrush; groundwater control; drainage system; anti-seepage treatment
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Exploration of Artificial Intelligence in Electronic Information
Technology

Xueyun Gong
Zhongtian Technology Marine Systems Co., Ltd., Nantong, Jiangsu, 226000, China

Abstract

The continuous advancement of artificial intelligence (AI) technology has revolutionized the operational paradigms of electronic
information systems. By harnessing Al’s capabilities, these systems can perform large-scale data processing, analysis, and decision-
making, enabling adaptive responses to diverse scenarios and thereby enhancing overall operational efficiency. Supported by
Al the deep integration of machine learning, deep learning, and reinforcement learning algorithms with electronic hardware and
software systems offers innovative solutions to address critical bottlenecks in electronic information technology, including increased
complexity, inefficient data processing, and limited dynamic optimization. This study provides a concise overview of the advantages
and challenges of Al applications in electronic information technology, while exploring its practical implementations to serve as a
reference for relevant professionals.

Keywords
artificial intelligence; electronic information technology; application
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Research on Ultrasonic Cavitation-Assisted Remanufacturing
Technology for Key Automotive Components

Shun He Mengjun Zeng Duan He
Zunyi Vocational and Technical College, Zunyi, Guizhou, 563006, China

Abstract

This study conducts an in-depth exploration of the fundamental theories and practical operational principles of micro-jets and
instantaneous high pressure generated by ultrasonic cavitation effects in the field of automotive core component remanufacturing. A
comprehensive remanufacturing process scheme has been developed for typical components such as engine blocks and transmission
gears. The research not only establishes a solid theoretical foundation for advancing the industrial application of this technology but
also provides crucial technical support for achieving green and sustainable development in related industries.
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ultrasonic cavitation; micro-jet; automotive components; remanufacturing
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Research on the Design and Port Application of a New Type
of Electromagnetic Circular Hoist

Lei Fa' Guijiang Zhou"” Guodong Yuan® Can Zhang' Quan Mao'

1. Dongjiakou Branch of Qingdao Port International Co., Ltd., Qingdao, Shandong, 266021, China
2. Huludao Tianli Industrial Co., Ltd., Huludao, Liaoning, 125099, China

Abstract

To address the deficiencies in port handling operations represented by coiled steel hoisting, a novel electromagnetic spreader for
coiled steel is developed and designed based on conventional port portal cranes. Based on the principle of electromagnetic adsorption,
the spreader is integrated with electrical control systems, safety protection devices and an intelligent management platform, enabling
remote, high-precision and low-latency operation control. The proposed system reduces or eliminates on-site operators and realizes
the safety concept of man-machine separation, man-cargo separation and unmanned operation under the warehouse, thus ensuring the
intrinsic safety of operations. Meanwhile, it significantly improves hoisting efficiency, shortens ship turnaround time, reduces overall
operating costs and enhances economic benefits, providing a solid foundation for the digital transformation of port enterprises.

Keywords
round steel lifting equipment; automated control; inherent safety
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A Brief Discussion on the Optimization Plan for Enhancing
the Efficiency of Regular Maintenance of Passenger Cab
Equipment in EMU Trains

Tianyu Pan
Wuhan CRRC Sifang Maintenance Center Co., Ltd., Wuhan, Hubei, 430200, China

Abstract

In response to the problems such as lengthy processes, uneven resource allocation, and delayed status perception in the regular
maintenance of passenger car equipment for EMU trains, this paper, based on the concepts of lean management, digital monitoring,
and dynamic scheduling, has developed an optimization plan for improving the efficiency of passenger car equipment maintenance.
By reconfiguring the maintenance processes for seats, air conditioning, lighting, door control, and passenger information display
devices, the original 12 steps were reduced to 8 steps, and a state-triggered digital maintenance management system and a dynamic
resource allocation mechanism were established. Case analysis shows that the single maintenance duration decreased from 120
minutes to 90 minutes, the timely rate of fault handling increased from 85% to 98%, the completion rate of maintenance tasks
increased from 90% to 99%; the labor cost decreased by 15%, the spare part loss reduced by 10%, and the single comprehensive cost
decreased by 12%. The research indicates that this plan can effectively enhance the efficiency, economy, and continuous optimization
capability of the regular maintenance of passenger car equipment for EMU trains.

Keywords

passenger compartment equipment of EMU; regular maintenance; lean management; digital monitoring; dynamic resource allocation
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Research on Optimization of Intelligent Manufacturing
Process for Key Structural Components of Rail Transit
Vehicles

Chang Tong
Wuhan CRRC Sifang Maintenance Center Co., Ltd., Wuhan, Hubei, 430200, China

Abstract

In response to the problems such as large cycle time fluctuations, high defect rate, and insufficient equipment utilization in the
production of key components for rail transit vehicles, this paper focuses on the manufacturing process of the bogie frame and
constructs a process optimization method based on digital twin, intelligent detection, and flexible scheduling. By establishing a
mapping model between welding parameters and deformation amounts, combining machine vision and multi-source sensing to
achieve pre-recognition of process quality, and using genetic algorithms to dynamically configure resources at multiple workstations,
a comprehensive optimization path for quality, efficiency, and cost is formed. The application results show that the production
cycle time has been shortened from 12.0 hours per piece to 7.5 hours per piece, the defect rate has decreased from 3.5% to 1.2%,
the equipment utilization rate has increased from 65% to 88%, and the first-time inspection pass rate has increased from 93.1% to
98.4%. The study indicates that this method can effectively enhance the stability and flexibility of the production of key components,
providing a reference for the intelligent manufacturing of rail transit equipment.

Keywords
rail transit vehicles; key structural components; digital twin; intelligent detection; flexible scheduling
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Research on Automatic Driving Technology Route Selection
and Management Decision-making Based on Investment
Performance Evaluation

Rao Fu Haoyue Wang Jingyan Zhu Jiawei Li Xiyuan Tan Weiwei Guo
Central University of Finance And Economics , BeiJing, China, 100098

Abstract

From the perspective of management science and engineering, this paper constructs an investment performance evaluation framework
for autonomous driving technology, and comprehensively uses the analytic hierarchy process ( AHP ) and system dynamics to
compare the advantages and disadvantages of the two technical routes of bicycle intelligence and vehicle infrastructure coordination.
It is found that in the short term, bicycle intelligence should be given priority to develop, taking advantage of its high technology
maturity and fast commercialization ; in the long run, we should focus on the development of vehicle infrastructure coordination,
which is better in system efficiency, safety and environmental benefits. The research fills the gap between technology application
and investment performance evaluation in the existing research, and provides scientific basis and management enlightenment for the
selection of automatic driving technology route, investment decision-making and project management.

Keywords
investment performance evaluation; management science and engineering; technology route selection; vehicle intelligence; vehicle-
road coordination; Analytic Hierarchy Process (AHP)

ETRAGITHEN BB ARRLIEFESEBRRMR
ffpe Fi5IH KiEH F3RM0 HEET #HH5H
PR, i - bR 100098

m =

KINFERAFE TRNARE, NEAHERERLTGIOREIELR, LB RN ERMT% (AHP) 5 2%sh %,
BB EFAE S R AT RIS R S, TR ARIL: B PR AR EEEER, ARAERRRAED. Blkiuhdy
wAB; KB ESEEERWE, REAGKE, ALK S LT, BIRAATIAAFL PHAR AL %K%
HOPERT TG, YA ERRARBREEE, BAARERAEERETHFIRELSETERE T,

K
TR mAORE; FREAFEE 8, HARBLLE; LEFR; FRWR; BROME

A

1518 2 EASMA SR IR
TR — R R A, EEERR A A 4 ST 5 CiteSpace 5347, T 10 4F [ 225 Bk

RETRIERRR, AL FIREIR A HIAEBBIRRE, % KR, BEMISEERISE M 48 P ks ¥ 4%
REEVSHENNL MR . HIDRREIR AR . R ERIBE RIS Waymo BOIERTARME Y, =5, FBSIAMD
A4, AR ZEBTHARN, SROLIGEROr Dk, BNASRETHERERER, MRS LS
AT E ST AT ARG bT, AR AEE TEEY)  EESBIERER, 2R RNERES Hahik .

A TR TR, ORI TR . e et e o g
= A E Z
AT, SRR 3 BEEREABIE S HABED
3.1 BEREH AL

1) ZEiisE: ML A BRI, A4kt
(558, BRI, SRS T, (RS S
" N BRI B, SRR SRR SO R R
(ERMEAT 15 (20050, &2, PEILETEN & spppranuiseionit, Fre s R, s
SARE, NBIMBERARRIFR. RIRIEOER , LIRS SRR (6], IR - EEHITIR

110



FHXBIF S5 TE - £ 03% - 504 - 2026 £ 04 A

R - BRI P2

2) AR WML RS (LB 2R AR &
B GHOCE RS, MR N B, Aokt —
BB = — (AR S, A RS MU RIR st f TR Y
RH., MEEZIEERERGRAL
3.2 R EIR AR Lk

1) ZRREEGEEEOR, AHBOLES. WRSHIE,
URANE—EERITAAERERE, SHRBOLE BT RS AT
RES RSB TR, BSOS E L L s e
f, FEEEARE R EOREE IR,

2) T Bk mBENEME, EEE. B, cOmiE,
BRI AR IR, 2025 4, 7=l E ISR S
HERE 7295 {270, B “FEEEm " BIERGRTE

HFEES, HAR T AT SUEs et r meE 7,
3.3 AR ELH LR G5ixF
* 1 BABEMIL R S%E
[ =R
B EREREGTE | FHiaE + RIS +
fi
kit P (=R
e | FOBEISITEE. SR | AESHEL Wi NOA.
- AR i D Jek 2
k| SRR, (0 | ORI, K
PN e e
s | MR, FUEMEE | RS . BTt
gy | FEPRECREL Bk | SRS fobidh
” e EREREE

4 1 A HROTAIF R

4.1 BMINEE ISR
4.1.1 BATATHAF4E

(1) BARBAR

IR ERITRTRNEGE, L2 RESEMREERIEER
FHIR—2020 FI, HSEFENIRAR, (HM 2021 FIH05
B T, ARSI kSR X — s, L2 L E S
QPR ARTRAASERA TR, SHRAARZEH 0 .

N FREE

- AURUREE: AR 2023 SRR, E5ERK 329 METRERIER
FRAE(LES O RS . H05 4400 A3 ME%k . 1200 4314~
EIRBURIES, 350 41> RSU @15 Mot M 480 45/ Mil&kit
BTA, HESE R TR AT N, B 750 2
IR 10 2N s g,

S TTINEE: ERVEX I, Bk 133 AR
FERGERSAT 102 MBS OO RE(CA-Tuas, HE 1318 &
AL AT 89 A~ V2X BEMIB(F 0. ZHAHY 437 24
H i E g 230 Mg, 1Y
4.1.2 B4R

PR BN F R MA R H OISR . B

LSRR B SEERA S, PIARREkE A
FEEH ARSI A=, IOBRB AR . FRFEEET,
WAL ARG AS TN SRR SR ZS N . ZERhA
FARMEFME T EAIAERSET, BB F
FEA A R AERG, AR . O
SR, PRRECR | BIFN2REE, M DRk
iR, HIERR AR, (BRI ASG L5 e
HEX,

4.1.3 A2 BN

RO A R R E EERE, ARERIRAD
KRG | RIEHOS, BERTHM TR 4. FREIRRARN

IRFEE B SRR RER A A 1S B, SCHURS A<
ER, KIBERTHEEIE TR . Ed a2
RABEE AL R o AR T S 2 AfE S 4l
R AGA 5T B T IR

4.1.4 R 5 Bk,

BANE R BRI ST IR BEiERHR
2T B FS R IR R T VRIS s = s Rk
%, IKE TSRS R RIS B R %, W TEESH
FRETRINRZ R AR UK SRS 240
LA ETER ORI . BB ER A TR e, ok
AL 28— bR, B2 ERRS A 15 R
AIRENE, EEIUEREER AR R
4.1.5 R 1h

H S 2 AR P = AR [ s H N 1E B PR & Pl R AR
A, IREEHEE H A EPRPRERTRIESUA R, PEIERR
KRR I BSOS AT T, FFRORER
ndE, Fush R ERARNESRRCY kT AOER A R, X
Fbretefa L RS R R R S TiE Bl S 58, Aniieds
ERERE R BRI E RO, DM AR B RN
e vk R
4.2 NFHED W

1E A SR AR R R IE S rh, HOREAE | S E .
LRI . RSk AT 2 as S e Ar = R ) B 4210
shkz, ERREBHLHNEILER, M5t T siSfaen 2
gefats, EREESIREARL BRI KIOENR, Z29E
MR IRITER, DI el AR R ris
T T AU
4.3 FEMESSH: HWENTREIMEEHES

1. BHR: TPO 0T H PR R AR S 28 24 v B8 (0 (45 P 2k
i
2. B BREERERY . ARERIORREE . T HRERR T E .
FIWTEERENZY . —sEE ek SN ERTT =2 AT
FE RN, —8EE R (CR) | &y b,
R

3. HETRR: BRI AL DRI, S — S
Hzh B R A R . MR IS EZ RS R K sh

111



FEEHETE - £ 03% - £ 044 - 2026 £ 04 A

IR, (B R & SR T 2 IR iV E AL
ARG
Stepl. 7 JZ IR EE IR
(1) BFRE: Sl EERNH IR AT T E,
(2) HENIE . HORBAFTR B
(3)FEE: BEERE (R FEIR (5%2).
Step2. FAEEH M HRIA A (E
1. FSFEE
3: FHEE
5: HEHEH
7: GRRIEE
9. HuntEEE
2.4, 6, 8: LSBT (E
B anilEm]ibbj =2, WEOEE, =B,
(1) YENIEHMFERE (A-B)

= 2 N EHI B 5B
ap | S | #e ks ESTUN
{4 Pk e mE | R
E Bt 1 a, ay a, ajs
R Ekbk s 1 a5 ay, a5
o as, as, 1 as, ass
RIS E ay ay ays 1 s
FeARATE as as, as; as, 1
TS HA HE E W O FE AT
1 13 2 1 3
3 1 3 3 3
72 153 1 1 1
1 13 1 1 1
73 13 1 1 1

(2) JI=EHFErFERE (B-C)

X L R REAI R B D A 53 AT O S, A T S
WEARIX 73, R 75 SR AERERE A , IR RIS,
PARITT SRR IR TT 28 i AR TOT 28 j FVELA K IRACE, B
EFFEE 1-9 PREEE:

xR 3. AREFIMERE

PR L2
FEERE 1 by
ZEEETDIA] b, 1
T S EHAM A RERE AT

Step3. THRAE A — K

RENIERLE : RAA FAEENER, R U= i e
Mt TR LT KA, A TR — AL, 155
SN ERE A

255 (a)) =020, N SHkEL (ay) =042, i
NE (ay) =012, #2585 (ap) =014, FRATTHE (a5)
=0.11,

112

FRENE: HARMNGTERE, WK R E A R
MEAGATIRBUT RS KR, MG ATIRAREIA — (b, 152
CYSESEE L=

KA AREFIMERELER

HEE A
1 13
LA 3
2555 AR ; )
s S b
3 1
N 1 1
ERESHME D
s 113
BORATf T Ll
i 173 1

275l FAERRE (b, a,) =025, LA (b,
a;) =0.75

NGS5 FRZERTRE (b, @) =0.25. ZEEEPDE (b,,
a,) =0.75

TS E: FAEFRE (b, ay) =0.50, ZEE&ELE (b,

ay) =0.50
folas . HERRE (by, a,) =025, FEESEHIAE (b,,
a,) =0.75

FARBTIE: BAEFEE (b, as) =0.75. ZEEEHE (b,
as) =0.25

—EER IS Y CR 15 <0.1, ] PLRESZ A HR R fy —
k.

stepd. LRSS

PR E1)
5

z (an* by, ,, ) =0.20%0.25+0.42%0.25+0.12%0.50+0.14%0.2
n=1 "

5+0.11*%0.75=0.3325 (1)

LR DIRILRE1555:
5

Z (an* bz, a )=0,20*0.75+O.42*0.75+0.12*0.50+0.14
n=1 "

*(.75+0.11%0.25=0.6575 (2)
stepS. S HTEE
FEERA N T B E1R, ERRE AR BIA A Z

isiaasas e
5 &k

51 HARBREIEFESH KIE
5.1.1 &2 % (0-35F)

TRIER AR B AE RS 2110 55, ZEmPhA 0.25 4 EER
LHZERIRE 0.75 4y, SCHE CFRIEERESCIT, ZERSUhARSE”
HIA RIS, BRERERREE RSN, TZEEN
HFEHE A, (HTRE RS ORRE A, BRSO
AERL SR,



FHXBIF S5 TE - £ 03% - 504 - 2026 £ 04 A

5.1.2 KA %kes (3-10 )

RIEEREF 00T EBSEIAIM 0.6575 FERUE KT
FRZEENRE 03325, KIS ELA RERDREA, HHS
SEREH FEEAE, sl B a2 IR AR KRN A,
R IER AN TS S MAGHINEER . Wt SHESeE
SRR, EASKE SR 218 A5 F A
52 HEEERFETEMNEEK

HE IR AR, MIRA iR £ Hir. £
BBy ANHE SR NI R PR, A SRR 5 2 5
ROFAHEAUTROR AR . AR . R Shkbh . Hhek
L EISIOME TS A, 24T RS SEkER AR
FIEROAN, RIRHE AR Rk e e, K
PR R AN G 2 BT, X e H A A e
BHE, BN E AR e . R a2
EEIS RIS ATIHEA

FEHR (0 - 347 ) fEFRZERREE NV Z0H . KT (3 -
10 48 ) FEEBER AL BRI B B SmE, (AREL T sSe ik e
A5V BB IOME, — TR RE, nlath
SREER SRR, BRI L Rk
O BRANRE, B 1k R AR At 14 e ) LT A
SERE, XFh I BRI B R B TR B R R AR R
ARTE R N TR

AT EoRHEB R, BRI
RN RS, (B SR ei . ARSI R

GO, EEE RGN T BRAUEA IR S RFING:,

SIS IR . #NISECR | bRk i MR

KIEEES, DUSR ARSI R B .

S 3k

[11 MRER. B3 BRI & H R[] R 5~
\[17,2024,37(12):41-46.

[2] CARARERAT. —FpFHEES 77 B E: hE, CN
119687943 AP. 2025-03-28

B] FHRIAE. —FHT B BRER SR E AL R4 T E,
CN 123456789 AP. 2024-07-01.

[4] Waymo. (2024). On the road to fully self-driving: Waymo safety
report.

[5] EEEE. MERAESIE S Fiikeiagth T 2=
SR TIIE ], TR EVRE, 2024(2): 108-111.

[6]  ZEFHI X, B R, B R s Sl 2 0 A ) R R
I N T E6E,2023,(05):1-16.

[7]1 AR I ZERS = — (b B TR il A R (], P R
\,2024,(12):4-5.

[8] MRZRIRERENI Y E S isd 2 a L, B AIE 4NN
(2024-01-04).

[91 FrIRIALS “EEKF i ot R i by X 2N B4R
MFE{ZN](2024-06-20).

[10] JRIRAHR. AL S A E HE BT RE W B = Lt = — b i i
SR TR B 0 T i AU U [N](2024-07-08)

113



