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Analysis of Energy-saving Optimization Strategies for Data
Center Cooling Systems

Shihuan Wei
China United Network Communications Co., Ltd. Shijiazhuang Branch, Shijiazhuang, Hebei, 050000, China

Abstract

As the core infrastructure of the information society, the operational energy consumption of data centers has become a critical factor
constraining the sustainable development of the industry. Among these, the cooling system accounts for approximately 40% to 60%
of the total energy consumption. Optimizing the operational efficiency of the cooling system is a key approach to reducing energy
consumption and improving operational reliability in data centers. This paper focuses on energy-saving technologies and system
optimization, exploring energy-saving strategies for data center cooling systems from four dimensions: airflow organization, cold
source configuration, intelligent control, and energy efficiency evaluation. By analyzing the energy consumption characteristics
and operational bottlenecks of the cooling system, a comprehensive optimization solution is proposed, which includes cold-hot
aisle isolation, variable frequency control, utilization of natural cold sources, and artificial intelligence-based energy consumption
regulation. The research results indicate that this strategy can achieve a 10% to 25% reduction in Power Usage Effectiveness
(PUE) without compromising the operational stability of the equipment, providing a feasible path and technical reference for the
construction of green data centers and low-carbon operations.

Keywords
data center; cooling system; energy-saving optimization; airflow organization; intelligent control; energy efficiency management
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Fault Diagnosis System of Compensation Capacitor in
Railway Track Circuit

Hongwei Zhang Yuxin Yang Zhanhang Zhu Yixi Jiang Xiaofeng Lv’
Baoji University of Arts and Science, Baoji, Shaanxi, 721000, China

Abstract

The stable operation of railway signaling systems relies on the reliability of track circuits, where the degradation of compensation
capacitors significantly impacts signal transmission quality. This study presents an integrated and intelligent on-board fault diagnosis
system for ZPW-2000A non-insulated track circuits. Based on electromagnetic induction principles, the system establishes a feature
extraction mechanism by combining transmission line and two-port network models, with intelligent diagnosis achieved through
gray relational analysis. The hardware core, STM32F412RGT6, integrates signal excitation, filtering, voltage sampling, and
communication functions, enabling real-time data acquisition and PC interaction. Experimental validation demonstrates the system’s
advantages in high precision, cost efficiency, and strong real-time performance, providing technical support and application prospects
for intelligent track circuit condition monitoring and efficient railway maintenance.

Keywords
track circuit; compensation capacitor; fault diagnosis; grey relational analysis; STM32
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Research on Database Interaction Optimization of Distributed
System of Tobacco Machinery Host

Xinzhe Wang Zhi Li
Shanghai Tobacco Machinery Co., Ltd., Shanghai, 200120, China

Abstract

With the accelerated digitalization and intelligent transformation in tobacco manufacturing, distributed host computer systems
have become increasingly vital for production control and data exchange. As the central hub for equipment information, the host
computer’s database interaction performance directly impacts system responsiveness and data synchronization efficiency. Traditional
centralized architectures face challenges such as transaction latency and consistency maintenance difficulties, which hinder system
coordination. This study develops an optimized model integrating multi-level caching, asynchronous transaction queues, and message
middleware. The research focuses on architectural design, data transmission, and load balancing, with validation conducted in
cigarette packaging workshops. Results demonstrate that this model significantly enhances concurrent processing capabilities and
response speed, providing an efficient and reliable database interaction solution for intelligent manufacturing in tobacco machinery.

Keywords
tobacco machinery; host system; distributed database; data interaction optimization; caching mechanism; transaction consistency
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The security interconnection mechanism and implementation
scheme of industrial control networks and public networks

Yu Zhang
Guizhou Tobacco Company, Guiyang Branch, Guiyang, Guizhou, 550002, China

Abstract

With the advancement of industrial intelligence, industrial control networks are breaking away from the closed structure through
public networks such as the Internet and 5G, enabling efficient applications such as remote operation and data sharing. However,
the fundamental differences in architecture and transmission characteristics between the two have given rise to four major security
risks: boundary penetration, protocol flaws, equipment operation and data leakage, which seriously threaten production stability and
the security of national critical infrastructure. Therefore, this paper builds a “five-in-one” security interconnection mechanism of
“boundary isolation + identity authentication + protocol protection + data encryption + behavior auditing”, constructing a full-chain
protection system from five core dimensions. At the same time, it designs a three-layer implementation scheme of “edge-end-cloud”,
through boundary protection deployment, equipment protocol modification, security platform establishment and management system
support, to form “technology + management” dual guarantees. Practical applications have shown that this mechanism and scheme are
in line with the requirements of industrial scenarios and can effectively solve the core security problems of interconnection.

Keywords
Industrial control network; Public network; Security interconnection; Boundary protection; Protocol parsing
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An Automatic Line Load and Fault Detection Device Based
on a Self-Balancing Bridge and STM32

Anguo Yang Yue Jiang Qinghua Sheng
School of Electronics and Information, Hangzhou Dianzi University, Hangzhou, Zhejiang, 310018, China

Abstract

This paper presents a device capable of automatically detecting line load conditions and short-circuit faults, featuring real-time
load identification, fault alarming, and short-circuit location without human intervention. The system employs an STM32H7431IT6
microcontroller as the main controller, utilizing its built-in 14-bit SAR ADC together with an external 24-bit A—X ADC (ADS131A04)
for high-precision signal acquisition. A relay module switches between load-detection and fault-detection modes. The load detection
is based on a self-balancing bridge method to accurately measure the amplitude and phase of voltage and current, while short-circuit
distance estimation uses a high-frequency phase-comparison technique. On the software side, low-pass sampling, Fast Fourier
Transform (FFT), and All-Phase FFT (AP-FFT) algorithms are integrated to extract impedance characteristics, classify load types
(resistive, inductive, capacitive, and their combinations), compute component parameters, and estimate fault distances. Experimental
results demonstrate that the measurement error of component parameters is less than 3%, and the short-circuit localization error
remains below 5% even under interference, confirming the system’s high accuracy and robustness.

Keywords
line load and fault detection; FFT; AP-FFT; IDFT; self-balancing bridge
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Application of Intelligent Operation and Maintenance
Technology in the Full Life Cycle Management of Communi-
cation Automation Equipment

Zhenhua Zhang
Shanxi Wanjiazhai Yellow River Water Supply Group Co., Ltd., Taiyuan, Shanxi, 030000, China

Abstract

With the exponential expansion of communication network scale and the complexity of its architecture, the traditional operation
and maintenance paradigm has failed to meet the requirements for high reliability and efficiency of the full life cycle management
of communication automation equipment. This paper focuses on the application practice of intelligent operation and maintenance
technology in the entire process of planning, deployment, operation and decommissioning of communication automation equipment,
relying on the integrated application of cutting-edge technologies such as big data analysis, machine learning algorithms and digital
twin. It builds an intelligent operation and maintenance management system covering equipment health status assessment, fault early
warning prediction, precise root cause localization and dynamic optimization of resources, and explains the specific implementation
path and application effects of intelligent operation and maintenance technology. The measured data show that after the deployment
of intelligent operation and maintenance technology, the accuracy of core network equipment fault prediction has been improved,
the average fault handling time has been reduced, and the energy utilization efficiency of the equipment has been optimized. This
research confirms that intelligent operation and maintenance technology is the core technical support for achieving lean management
of communication automation equipment and ensuring the continuous and stable operation of communication networks.

Keywords

Intelligent operation and maintenance; Communication equipment; Full life cycle management; Predictive maintenance
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Research on the Application and Development Trend of
Artificial Intelligence in the Field of Computer Information
Technology

Qiang Liu
Tencet, Beijing,100080, China

Abstract

In the new round of information technology revolution, artificial intelligence has deeply integrated into the core links of the computer
information technology system, reshaping the landscape of computing power, data, security, and operation and maintenance. This
study focuses on key application scenarios such as network security, data processing, software development, and intelligent terminals,
systematically analyzing the embedding logic, operation mechanism, and efficiency transmission path of artificial intelligence.
It conducts a structured analysis mainly around the dimensions of algorithm evolution, technology integration, and industrial
collaboration. The research concludes that artificial intelligence is driving information systems to shift from rule-driven to model
and data-driven, and the cloud-edge-device collaborative pattern is becoming increasingly mature, while the demand for security
protection and ethical governance is rising simultaneously. The research conclusions of this paper can provide theoretical references
and practical guidance for the strategic planning of computer information technology and the digital upgrade of industries.

Keywords
Artificial Intelligence; Computer Information Technology; Development Trends
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Design and Implementation of Simulation Verification
Environment for Data Link Networking Protocol

Likun Wang
China Electronics Technology Group Corporation, 10th Research Institute, Chengdu, Sichuan, 610000, China

Abstract

To address the challenges of test environment deficiencies caused by delayed delivery of hardware and underlying software in
wireless networking protocol development for data link terminals, as well as the limitations of existing simulation solutions in
accurately reproducing the “one-to-many” feature of wireless links and insufficient flexibility in relay communication simulation,
this paper proposes a verification environment solution based on UDP multicast one-to-many simulation and configuration-driven
relay simulation. The environment, built on the Windows platform with a “single-process-single-node” architecture, offers the
following advantages: () Leveraging the inherent multicast communication characteristics of UDP to precisely replicate the broadcast-
style transmission feature of wireless links; ) Flexible configuration of rejected platform ID lists through XML configuration files, enabling
“node isolation” simulation without code modifications to accommodate different relay topologies. The system can perform multiple
functions including network management message one-to-many transmission, network configuration verification, service data
distribution, configuration-driven relay forwarding, and link anomaly simulation. Experimental results demonstrate that the one-to-
many transmission success rate exceeds 99.8%, the configuration-driven relay simulation accuracy reaches 100%, network latency
is < 48ms, and data forwarding success rate = 99.5%. This solution effectively supports early-stage network protocol development
and verification, significantly reducing R&D cycles.

Keywords
data link; networking protocol; UDP multicast; relay communication simulation
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< ?xml version=" 1.0" encoding=" UTF-8" ?>
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Microservices-Oriented Design Scheme for Embedded
Platforms in the Communication Domain

Tianlong Sun
The 10th Research Institute of CETC, Chengdu, Sichuan, 610036, China

Abstract

In the field of communication, to rapidly adapt to the frequent demands for embedded software iteration and updates, this paper
proposes a microservices architecture design for embedded software platforms based on the principles of open system architecture.
The proposed solution builds upon a layered architectural model, where each layer is decomposed into independent microservice
components. Communication between layers is achieved through standardized service interfaces, while interactions among service
components are facilitated by lightweight microservices communication middleware and event-driven communication middleware,
enabling effective module decoupling. The embedded software platform developed based on this architecture achieves high cohesion
and low coupling within its functional components, supports independent testing, deployment, and rapid development iterations,
As a result, embedded software microservicesization has become a core technological approach for constructing next-generation
communication systems.

Keywords
Microservices-oriented design; Software platform design; Interface design; Module decoupling

T [0) i 5 SUBEI BN N T S AR ST T R

PN,

FhE R SR A TSR, SE - PU)I] BRER 610036

=

FEBAZAR, AT B PR E B RANR R EREIREF R, RLATHARK ZAARAEEH LT T HAKLMF

SHBIRS RM TR, BH REeEERMEM L, ZHE—EXIS A MRSAMN, &L &R BIAFERSE 2 TE(E,
JR S5 2B 9] 38 3F 4% B SR AR 53845 P 1A A Ao F AR BT P R A X BATAOR AR AT, R T i AT AR
H-FE, B EASM NI RRA T ARIKISES, LRI, FFfe ik T RBR, RARXRERIRSI TR A
EA— KRBT RN CHARERE,

KA
BIRSHAIT; AT & RM; Boikat; SRR

15|18

BB N RITR R, WP GRS HuEE R
SN ERAS ML . Bk PR R B T E ST
K, gk BB R R B, IR s
fst, (RHTEEPSERR ., SRR, B
B

AT RAEFELE A R T b, T RUR S A
W, A R RSB PRS BE Oy
HHTRE, BORS AT TR . RS, AAS
. MRS . BOBERIFREMS, KHAETRGUREE
Bt RSN, (AR A T IRRENS & B T (R

[EZE AT IhRAE (1991-) , Rk, PERLLENL
A, L, T2, MEBERHEARFR AR,

26

fERCE, PR AR A G- 6 IE D A = R AT T A e
AL 2

2 BARIEITHE N AR AR S5 B 4E X
2.1 Bt EN

77 EH R EIESE: 1) MRS AR &,
T NMHIR 25 4 T BRI T Rt T AL 55115
BAP I TR, RS RIS ARk g an; 2) S0k
WG, FrE TR SS R0 28 a4 — B bR
#Es 3) AR . REREAEE, RS AL-RESIH
ST RMGRL R T . & AR AR Z RS, e
MREFM; 4) RS ATER, WORSAIER ZE B bR L
e, SRS AS g . ARSI 5) R
EimlE, AN B R RE EsLE, HRL
B SV el IE LA Op =BV



BEERZESTIERMR - F 075 - F 0241 - 2026 £ 02 A

2.2 MR SFHMGEX

ik 25 AR TR 55 SR O BER RS, BRI TE Y I
PR fE

1) WIRSARLIR; 2) WlRSHMFIRA, W— ID
SHATRS] 3) MRS AEHNE, RURSFEEITH, Ik
SSHOMEVE AR 55 A0 0B {5 Hitk, 40 URL Hbhk; 4) A
5 BNAMRIZ—ENBEA B RS .

3 BB AR
31 RHEFEEEM

A5 AR A RS SR S 8 25 o T AR
55 OB 2R T R 25 AR RO e DU R S5 R TR OB 1
RO AR RRE . SFeBEE . NARS ZH# T
5y, RIE AR RS, ARSSAArHRE AR S 5 B
15, SanE 1 Brs.

T ey (a&&g&%) (woumEs) (mOEmES)
. BEAH | mmemws) (meEmEs) (wEmuEs)
H
% Q}.ng_g (mgrpms ) (sRieREs) (MEORSES)
E # ) (mmmmes) (eeemEs) (REmbgs )

( ppRmmsmEs ) ( EEVSMSES |
ﬁ RS EE BEGH BEIE
T B (VAT /R ) EbEER
g MRS /B BRI
1B | (o8] Rewrks IR IR
%
g E| CPU||FPCA|| 2 |||

B 1 3T A gt

32 MAREE
3.2.1 F & LSR5t

el 55 Al 25 AR A IR S PRl 55 TR oK TRy, gz
FIEHIRR D ASHORBERS, IREEWIRESS, HE
ACFRASEREERI > VT E BB R . VE RN, JEEFTEL. 78
BEFAES, I DIREIE TR AIAR 55 (LB SE , XPOME
PR AR S5 .
3.2.2 CBB T4 AR 54814

CBB 7]& R ss AEEE v AR, StEEEaiinE
el s mas, HRARRERASKEZE M &2
20, OIS TIRESFEN TR, FIDIRENH,
AT RER, BWIERER e, MR EERIFRE
Mo Fansy-& i R 5 R RER R G 2R EA RO &R
BE, NEEEGFaHMEYL S
323 F & X &R St

VAR SS A E B IMTIR S B EN REHT
TGRSR, RO IR 55 E I O ALt Y- & 1B (5 e
7o HEZHEAN HEMIRS AL, (EATRENRS T
SN, RS S E N EINTAZAH,
WG — M NBRGBEN SR SREFESHETE, T

R —NEE B EN R

33EMTEE
AFERRRENELE . MRS, A8, WREIML. &

B, b FERICEEENRE ., D&BE. ks
O EILMAR S . A - SEMPERESE . (s sl
BSEaEE, FENARRFOILS, RRUFEE.
3.4 FEHFERE

FHS AN ARE R SR RS — O ERIR S E B
515N reworks . BBLREE . DRz, RpKEEERSZE, W LER
o —FRER .
4 FRBOET

A5 ST FER AR R CH+ i8S # 1T
R
41 BARSEOET

ARSI F B WS APTE AR S AR R
EEG—Rs8 0, PSS G, m] HEH RS,
T X PR &5 2B 3525 CServiceComponentBase, 12532114
eSS 1) Initial pRET; 2) ServiceStart PREL; 3 ) ServiceStop
BB #; 4) ServiceDestroy BB £4; 5) GetServiceConfigInfo B
#; 6) GetServiceState BR £%; 7) ServicelnterfaceCall BR| 44,

27



BEERFSTIEMR - F 075 - F 0241 - 2026 £02 A

HA Initial BRECAAR S AP ARED, SRR EIRSS
PTARSTMES, ServiceStart pRAT . ServiceStop PR 5{
PRECHIRSS B0, AT LR
GetServiceConfigInfo BRI %A GetServiceState BEI%Y = 2 H :J‘:
FPRSSHCE S BANRSS MHMRAS. ServicelnterfaceCall EREUZE:
BAEEAD, AT AR 2.
4.2 BIEREEOET

WEMRSE ST FEZEE A GRIrE . IR
{RRIIBISRE ISR, BT BRIAARHLHISTE 5 ) 5524 E RS
&, FESINBRS . #RRANIRSAEE, mEINTA
GEERIE . INEBIE R SR IBE RS AR T . N RS
EHEEEAIRS A — R BER S DT
5 MAB{ERR 55 413528 CComServiceComponentBase, %25
BT EE: 1) sendData BREL; 2) OnRecvData PRER;
3 ) PublishTopic PRI%T; 4) SubScribeTopic PRI, H A send
Data PRA{N] OnRecvData PRI [ HSEEE@ E0 AL
FEO, Gnimnd FC B2k, 10 1, AasimiE & 5 A

(SIS

ServiceDestroy P

17181, PublishTopic PEEH SubScribeTopic PEELE EH T
SR AARBEX GAR S5 ARl (R 55 S i 5 e ks

W, EEHTIRSREdERR .
4.3 M ARFZE#EOET
N AR %S B F -G B SR, — 5 imkE

AL AT BERAEPE, FULrTE SRS A, +
R 25 2R R ] B i s TR 20 A SR R AT FIMEZE, AR
SR SAES IR SRR R (S 1B F UL AT,
TTBIE AN LIS\ 55 B AR o o EX%@‘%HE%?H
- £:2% CEventServiceComponentBase, 1% 254 AT EIHE
1) PublishEvent 2R £%(; 2 ) SubScribeEvent BF £{(; 3 ) Event
CallFunc P& %%; 4) PublishTopic PA #%; 5) SubScribeTopic

PR%L; 6) TopicCallFunc PR %%, H rtf PublishEvent PR 4% fl
SubScribeEvent pREL F-ELHET TR S AR, AT
SR P B, EventCallFunc R Y ST 15 J5 a1
PE#L. SubScribeTopic BRI %L A TopicCallFunc pEI%N 3 2t 17
RS A SR FRSAFRNEE, ATIRS AR

SEhUl

28

W%
4.4 BT & RRSEOET

M 2 OV R AR S — sk, — ik
HEEIRSERED | OB O RSN AR
BERREEEREIRCA O . APL ISR O %,
45 LEEREEZEOEIT

ZEBE S — BT, T G IR IR AR
BT, X FIRIHEOARSS, — R AFRER POSIX #2117,
f4E Open BREL, Toctl BRI, Write BR%EL. Read BR%L. Close

PRELE
5 &5
FETH MBS U IR AR & 28 it /iR

BRI TCEE R EEE N . ASCAH T —FE AT
(SR IRAN IS RSS2 522, %77 250 1)
RRSSLAREAT T IRRINE S, BT T — P AU E S
ARSI B, i FZ S T i AT, BE
BIREEG L, ETHRAES IR ARRE AL, M
PR R &l | 2T ailt,

e

(11 Fh, B0k, £&fh, & SEE ARG
FaiFoe ] i i THR, 2017,48(6):23-29.

[21 E 5o, o, @Rk, JETFACEMINTHE ASCEkA-Eeaisit,
EEHARSERML, 2021,

3] skEE, diRk/K, BT RT
iz TR, 2022.

[4] ARAERET I ASRUEFACE™).3 1z, 2020.

[5] BEEE, XIEFE, HINERSWEFAVATR RGN, il
ZIRIATR, 2023,34(9): 80-86.

(6] AFIEE, XMER:, FETHRIRS AR E LI F A5,
AR TR, 2022,42(8): 13.

(71 BEZE. FTHRORS 2R R R A S+ 550
[D]. b5t HREEECKHIEARM L, 2021.

[8] Zbag, SR AR SR A7 s dE RE ). TR
W 5K E, 2020,57(3):525-541.

ZS BT RGP R U 5T



FEEMZEETIEMR - $075 - £02H - 2026 £02 A DOT: https://doi.org/10.12349/iser.v7i2.9260

Research on SPN Network Rapid Self-healing and Service
Continuity Assurance Technology for Heavy Protection and
Network Disaster Recovery Scenarios

Zhigiang Cao' Zhenhua Zhou®

1. China Mobile Communications Group Hebei Co., Ltd. Zhangjiakou Branch, Zhangjiakou, Hebei, 075000, China
2. China Mobile Communications Group Hebei Co., Ltd., Shijiazhuang, Hebei, 050021, China

Abstract

With the continuous development of information and communication technology, network security and disaster recovery capabilities
have become critical factors in ensuring the stable operation of key information infrastructure. This paper focuses on the application
of SPN (Slicing Packet Network) in critical protection and disaster recovery scenarios, proposing a technical solution based on
SPN’s rapid self-healing and business continuity assurance. By analyzing the re-routing functionality and self-healing mechanisms
of SPN networks, a self-healing solution suitable for dual-ring disconnection scenarios is designed, addressing the issue of service
interruptions in transmission networks under extreme conditions. This paper combines several typical application scenarios, including
important event protection, high-speed railway transmission networks, and disaster-prone areas, providing systematic analysis
and effect verification. The solution is not only innovative in terms of technology but also has high practical value, offering new
approaches for disaster recovery and security assurance in the information and communication industry.

Keywords
SPN network; self-healing mechanism; business continuity; disaster recovery capability; rapid recovery
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Network Optimization Design for Windows in Government
Service Hall

Haijun Zhao

Lincang Municipal Government Service Administration Bureau, Lincang, Yunnan, 677099, China

Abstract

As the core venue for the government to provide comprehensive services to the public, the stability, flexibility and scalability of
the window network in the government service hall directly affect the efficiency of government services and public experience. At
present, government service halls generally face problems such as a large number of service windows, complex network lines, and
dynamically changing business requirements. The traditional multi-line direct connection mode leads to disadvantages including
excessive load on floor computer rooms, messy wiring, and high maintenance costs. Aiming at the core demand that the windows
of government service halls need to support the Internet, e-government network, departmental private networks and voice lines
simultaneously, this paper takes Lincang Municipal Government Service Hall as the practical carrier, and in accordance with the
requirements of Technical Specifications for Local Area Network Security Accessing Government External Network and Technical
Guidelines for Security Control of Dual-use Terminals on Government External Network issued by the National Management Center
of Government External Network, proposes to adopt Fiber to the Desk (FTTD) technology and implement the architecture scheme
of “core computer room - floor computer room - regional ONU - desktop”. In this scheme, 4 to 8§ windows form a functional area
sharing one ONU device, and each network adopts independent hardware equipment to achieve physical isolation, which effectively
solves the problem of messy lines in floor computer rooms. This paper analyzes in detail the existing problems of the traditional
network architecture of Lincang Municipal Government Service Hall, expounds the technical principles, architecture design,
implementation key points and application advantages of the optimization scheme. The feasibility and effectiveness of the scheme
are verified through actual deployment, which provides theoretical reference and practical guidance for the network upgrading and
reconstruction of government service halls.

Keywords
Government Service; Network Optimization and Upgrading; Physical Isolation; FTTD Technology
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Research and Implementation of Innovative Websocket
Push Technology Based on GoAhead Server

Jianbin Wang

Electromechanical Control, China Electronics Technology Group Corporation’s 10th Research Institute, Chengdu,
Sichuan, 610036, China

Abstract

The GoAhead server, as a web server for embedded platforms, is widely used in various embedded platforms such as Linux,
VxWorks, and Reworks. Due to the fact that traditional technologies do not support the server’s ability to actively push messages to
clients and the function of asynchronous message processing, the client is unable to display the server status in real time. This paper
aims to study the innovative WebSocket pushing technology based on the GoAhead server. By deeply analyzing the architecture
of the GoAhead server and combining the advantages of the WebSocket protocol, the pushing function and asynchronous message
processing function based on the GoAhead server are finally successfully implemented. Through testing, this research enables the
changes in the server status to be quickly reflected on the client side, greatly improving the real-time performance of data interaction.

Keywords
GoAhead; websocket; HTTP; Asynchronous Message Processing; Active Push
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Analysis of the Impact of Component Selection and PCB
Routing on the Electromagnetic Compatibility Performance
of Short-Wave Radio Frequency Systems

Wen Han
Nanjing Panda Hinda Technology Co., Ltd., Nanjing, Jiangsu, 210014, China

Abstract

The short-wave radio frequency system is a key component in wireless communication and radio frequency identification.
Its operating frequency band is susceptible to electromagnetic interference, which can lead to radiation and thereby affect
electromagnetic compatibility. As the core part of the radio frequency system hardware design, PCB routing and component selection
directly affect electromagnetic interference, propagation, and EMC performance. In the hardware design process, PCB routing,
component selection, etc. all influence the level of electromagnetic compatibility. Component noise and linearity are also influencing
factors. PCB routing and layout directly affect interference propagation, and there is a certain correlation between them. Through a
systematic analysis, this paper focuses on the EMC core, analyzes the influence of active and passive components, deeply explores
the influence laws of PCB routing and EMC performance, and proposes EMC optimization principles and design strategies, thereby
providing certain basis for EMC optimization design.

Keywords
Component selection; PCB wiring; Short-wave radio frequency; Electromagnetic compatibility
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Design of an IoT-Based Online Monitoring and Early
Warning System for Insulation Resistance

Wenfei Liu' Lili Yang’
1. Shanxi Huakong Weiye Technology Co., Ltd., Taiyuan, Shanxi, 030024, China
2. Taiyuan Jiancaoping District No.1 Middle School, Taiyuan, Shanxi, 030023, China

Abstract

Aiming at the industry pain points of traditional insulation resistance measurement for three-phase asynchronous motors, such as
power shutdown requirement, manual operation, low efficiency and no real-time early warning, an loT-based online insulation
resistance monitoring and early warning system was designed and implemented. The system adopts a hierarchical distributed
architecture, with the domestic AT32F microcontroller as the core, and integrates a self-developed DC high-voltage injection
measurement circuit. It innovatively realizes the intelligent safety logic of “automatic measurement upon power-off and automatic
disconnection upon power-on” based on voltage detection. The measured data is remotely transmitted and synchronized to the
cloud platform via WiFi and MQTT protocol, and the background monitoring platform realizes data visualization, storage and
multi-terminal early warning for over-limit values. Experimental results show that the system has accurate measurement and
stable operation, which can effectively realize online perception and intelligent management of the insulation state of three-phase
asynchronous motors, provide reliable technical support for predictive maintenance of industrial equipment, and has good engineering
application value.

Keywords
Internet of Things; Online Insulation Resistance Monitoring; Power Traction Equipment; Wireless Sensor Network; Predictive
Maintenance; AT32F; MQTT
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