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Abstract

In response to the low detection accuracy of the electrode tip position and the complexity in the
development process for submerged arc furnaces, this paper introduces a novel differential mag-
netic field array detection system. The system, by deploying a magnetic sensor array and utilizing
differential signal processing technology, effectively eliminates environmental interference and
system noise, enhancing the accuracy and reliability of electrode tip position detection. The study
initially constructs a magnetic field detection model for the submerged arc furnace and analyzes
the external magnetic field distribution based on the Biot-Savart law. The effectiveness of the dif-
ferential magnetic field array detection method is validated by simulations. Test results indicate
that the system can accurately detect the electrode tip position in harsh industrial environments,
providing strong support for the efficient operation of submerged arc furnaces. This research offers
new ideas and technical support for the detection and control of industrial parameters in sub-
merged arc furnaces.
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Figure 1. Magnetic field radiation model of SAF
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Figure 2. Schematic diagram of magnetic field monitoring outside the furnace
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Figure 3. Magnetic field distribution characteristics along the median line
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Figure 4. Analysis of simulation results, (a) hi-Byi curve; (b) hi-Bzi curve
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Figure 5. Geometric model of SAF
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Table 1. Geometric dimensions of electrodes and arcs
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Figure 6. Magnetic flux density magnitude in two-dimensional axisymmetric components
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Figure 7. Variation of magnetic flux density magnitude with radial coordinate
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Figure 8. Variation of magnetic flux density magnitude along the z-Axis
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Figure 10. Structural design of differential array probe
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Abstract

Due to the challenges associated with traditional PID controllers, such as the complexity of parame-
ter tuning, delayed real-time adjustment, and limitations in adapting to varying operating conditions,
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this study proposes a BP neural network optimization strategy based on the Artificial Bee Colony
(ABC) algorithm. The research demonstrates that the ABC algorithm, which simulates the foraging
behavior of bees, significantly enhances the BP neural network’s exploration capabilities in the pa-
rameter space. This approach effectively maintains the diversity of the particle swarm, establishing
an efficient self-adaptive adjustment framework for PID control parameters. As a result, it success-
fully overcomes the performance degradation caused by parameter mismatch, ensuring the stability
and robustness of the control system under complex operating conditions. This study provides a
solid foundation and strong support for improving the overall performance of the control system.
The ABC algorithm proves to be highly reliable in enhancing BP neural network performance and
offers both a theoretical basis and a paradigm for the innovation of PID control.
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Figure 1. Flowchart of the PID control algorithm
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Figure 2. Structure of a BP neural network
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Figure 3. BP-PID control network flowchart
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Figure 4. Artificial Bee Colony (ABC) algorithm structure diagram
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Figure 5. ABC optimized PID controller block diagram
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Figure 6. Step response comparison of systems

& 6. ZZhrERNm R xS bk E

DOI: 10.12677/etis.2025.21002 21 AR AR SRS


https://doi.org/10.12677/etis.2025.21002

ETH A

TEFREE BT, ABC-BPNN 53R I A, #BIHE N 0.00%, A 2] 17 iksh, #ifk 7 RE0TFam R,
JEHIE SR B RIS . BPNN VL&A 27.48%, W EHmE, SHAGWBA TR, 70
EOS TR . L4 Z-N SR RN 7.85%, BAREUR, EYATRERM R TR, A
FEEER T, 45 1, ABC-BPNN JEfE 6] LE NRT5, BPNNIEEEH AR, %5 Z-N HZi%

RIP R FHE.
TERSSRET I, =M 7 RS RE, KUY RFREIETERE NG 5 IR A B B ERE
Wy, Bk, PrAnEERSRE LRIERE.

FEATI [ 77T, BPNN 71 ABC-BPNN vAR ILAT, 11T (8] 0.17 #A1 0.18 #2, BHERTf%
4t Z-N 510 0.49 F5, i&EA-Pudm g & .

TEFEHIRE R JT 1, ABC-BPNN VAR e i fiC, v 1.9, RUIZIEAE W B b N2, b
TAREMEERENEFE. BPNN EML S Z-N S Eflge &0 58 2.01 F1 2.02, ReEiHFEAHENR S .

LE4K%E, ABC-BPNN JL7E A MEAEEbr LR (0, Jo AR IR R H ge B 1, JUFSel
T HLRE T R D, RIS L v AR R AR R BPNIN VAE R 5 I 1) B IR, {5 ABC-
BPNN A1, HAERRARZE EINE, RN ik B AR B R A PRk m SR 3. At
T, &% Z-N LB TREECOR, TR, HeeEHFeRm. Kk, ABC-BPNN VE7EA L H
MRITCEE S R, JUFE A T 08 A S A Re BV A A EOR MR R G, B T HAE & ROk s
GG SPN VAR

4, 4Eig

ASCHESE Z-N 2%, BPNN iEF1 ABC-BPNN 537047 T #3HIMERex th oy #lr, B8 THIHE. S
WZE L AT A AR RE . 45K W], ABC-BPNN ML/EFTAfebr BRI, Jo L fe i &R fE
Fe b, JUFSRBl 7RI B RE, RRILT s skt . AR BPNN SELE I R RE R, (A
ABC-BPNN L N s 42, HASHIE E . ML T, 44 Z-N AS%BEER . HFIEK .
REETHAER . 25 LFTR, ABC-BPNN 2 &Ll sh 4w BARE B, & mkE . =M R3] RS0
HAEER .

E&WE

JEHERTR Tk 2Bt 2024 A 7 ARV AU 0 H (9 H 5 : YKY-2024-47); AL AR Tk 4Bt 2024
SRR A AR R AT O (I H 5 : YKY-2024-46) .

SE
[11 R, W%, . HE TR EE IR RSN ML ] (I FE[3]. 78 B R A (B SRR hR), 2019, 41(6):
135-140.

[2] SRR, skorgn, WS, S5 ST WIS BP-PID Sk KRS HEREAL ) REHEFL[I]. AOWAHUFAR, 2023, 54(s1):
135-143, 171.

[3]1 HHs4:. PID =Pk REAR AL VR A S N A [D]: [ 224018 3. B8 TR K%, 2023.
[4] JFEEE, T, 3 T PID il 128 @l S s 7774 0]. et AL S5 N, 2024, 14(7): 231-235.
[5]1 X9, KA. PID =SS H M e L[], Hahfuaadik, 2023, 49(11): 2272-2285.

[6] Patki, V., Sonawane, D. and Ingole, D.D. (2013) Design and Implementation of Discrete Augmented Ziegler-Nichols
PID Control. Proceedings of the Mobile Communication and Power Engineering: 2nd International Joint Conference,
AIM/CCPE 2012, Bangalore, 27-28 April 2012, 262-268.

[7]1 GkEEA, BRBETS, XBYL. ot TD3 Sk Bl PID il 3 b R[], +HEEHL RGN, 2024, 33(5): 262-270.

DOI: 10.12677/etis.2025.21002 22 AR AR SRS


https://doi.org/10.12677/etis.2025.21002

ETH 5

(8]
(9]
[10]
[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]
[21]

RUH, 2P, TR R EER PID #2H SEUAL[I]. 6] TFE, 2017, 24(12): 2502-2507.
il RAEH, KR, FTEH. FAILIT PID B S SEI D], TGRS A shib ik E, 2024(1): 3-8.
BT, YL T oI N T S AR B SRR I R R 7S], KIAE S8 A(E, 2024, 37(7): 162-164+168.

AU, REEWE, TR ohodh N T Sk S A TR TR N [I]. MRS S (5 B RH#AR), 2023, 41(5):
810-819.

Xu, J., Han, Z.,, Yin, L., Yan, Z., Yu, Y. and Ma, G. (2024) Multi-Strategy-Based Artificial Bee Colony Algorithm for
AUV Path Planning with Angle Constraints. Ocean Engineering, 312, Article ID: 119155.
https://doi.org/10.1016/j.0ceaneng.2024.119155

Zhang, Z., Fu, Y., Gao, K., Pan, Q. and Huang, M. (2024) A Learning-Driven Multi-Objective Cooperative Artificial
Bee Colony Algorithm for Distributed Flexible Job Shop Scheduling Problems with Preventive Maintenance and Trans-
portation Operations. Computers & Industrial Engineering, 196, Article ID: 110484,
https://doi.org/10.1016/j.cie.2024.110484

M E. BT RCTRERAL BP MM L1 PID HIBED]. TR TR, 2022, 30(11): 69-73+78.

Cheng, F., Fan, K., Miao, J., Li, B. and Wang, H. (2012) A BPNN-PID Based Long-Stroke Nanopositioning Control
Scheme Driven by Ultrasonic Motor. Precision Engineering, 36, 485-493.
https://doi.ora/10.1016/j.precisioneng.2012.03.001

Fan, J., Zhong, J., Zhao, J. and Zhu, Y. (2015) BP Neural Network Tuned PID Controller for Position Tracking of a
Pneumatic Artificial Muscle. Technology and Health Care, 23, S231-S238. https://doi.org/10.3233/thc-150958

Pan, L., et al. (2019) Variable Pitch Control Strategy of Wind Power Generation Based on BPNN-PID Algorithm. 2019
IEEE Sustainable Power and Energy Conference (iSPEC), Beijing, 21-23 November 2019, 105-112.
https://doi.org/10.1109/ispec48194.2019.8974952

K, mbEi, BR. ETHOENTBRREERN R FE DS T AR b EEEER RS 24), 2023, 40(3):
397-405.

Elsisi, M., Soliman, M., Aboelela, M.A.S. and Mansour, W. (2015) ABC Based Design of PID Controller for Two Area

Load Frequency Control with Nonlinearities. TELKOMNIKA Indonesian Journal of Electrical Engineering, 16, 58-64.
https://doi.org/10.11591/tijee.v16i1.1588

FEELET, WORIK, k. 2T ol N TR ER M Hh RN E AR EUA8- H AR M BC ], Fe T35k, 2023, 44(7): 2171-2183.

Wang, J., Lei, D. and Tang, H. (2025) A Multi-Objective Dynamical Artificial Bee Colony for Energy-Efficient Fuzzy
Hybrid Flow Shop Scheduling with Batch Processing Machines. Expert Systems with Applications, 259, Article ID:
125244, https://doi.org/10.1016/j.eswa.2024.125244

DOI: 10.12677/etis.2025.21002 23 AR AR SRS


https://doi.org/10.12677/etis.2025.21002
https://doi.org/10.1016/j.oceaneng.2024.119155
https://doi.org/10.1016/j.cie.2024.110484
https://doi.org/10.1016/j.precisioneng.2012.03.001
https://doi.org/10.3233/thc-150958
https://doi.org/10.1109/ispec48194.2019.8974952
https://doi.org/10.11591/tijee.v16i1.1588
https://doi.org/10.1016/j.eswa.2024.125244

Embedded Technoloy and Intelligent Systems AR AR SE L RS, 2025, 2(1), 24-40 Hans X
Published Online February 2025 in Hans. https://www.hanspub.org/journal/etis
https://doi.org/10.12677/etis.2025.21003

ET SRR 22 P aY B S A0 XL B T
ES 7

mieT!, EX Y, REHKYS, HFEL, I E

TR B RE B LR RE, VIV B A
‘M E R E A S ERE G E RS, L ME

Weks H . 20244F12 148 FHER: 20244F12 4310 & A H: 202542 H28H

HE

ELRSHS RGN EHEEANERT, HENENZUERRIIRAXXRBVINERE, TEEM
ENIAEGRENTT=. REMKRAETRESEKBE T RSSHEE 2 RER R, FEmRPLERE
B, HHMARERE, BEARNERAESERER. AT RRXMEE, RBE MR ES
KRWERG, ETKEHLIZME(LSTMER, SG6RBHAEISEEHFHEM L% (HF-LSTM) MR E
KB BBIHFMHE ML (LF-LSTM)BEATHFF . HF-LSTMIR A $2 30 28 5% 1 15 FH SR A R i S 4 %, T LF-
LSTMI A THELREEZA K AR S XEMHER NS S, £ RASRETH TN LREE,
SEPL S KR RS R BT . ZRARE T EGER KBRS ENBERIEN B K
RFGERMESTHENTA, ZiETSRERMERE, ASCRAETLSTMHISIESRE RG], HRT
B P 5ME BE RS A, WIS T HEEFHEANEE . REAESIANT WEMLHEE,
SEBL T KRR B B BV R B . RS REHT. EEMEBEERER, HEVBMEES
4, SCUSER B E M. A, RERE T HMBESRIRAES, R T EHHRER
ARG . LRBEHERE, ZRSKKRKAERAETIHERENMPMEE LY EERTHE TR, %
FRERARRER, ARREGAGFEZERETBRTRNFRTR.

KiEia
KIEHANEA W%, BIERE, WEN, KR

Electrical Fire Risk Prediction System Based
on High and Low Frequency Recurrent
Neural Networks

Yiding Tian!, Wufei Wul?*, Qingmin Zhao?*, Saibo Zou?, Hao Sun!

CHERERE

XESH: HikT, RRE, BB, ARTEDE, PR, T RATUE IR A X 45 B ER A KR RS T R SR ). RN
ARG HEE R4, 2025, 2(1): 24-40. DOI: 10.12677/etis.2025.21003


https://www.hanspub.org/journal/etis
https://doi.org/10.12677/etis.2025.21003
https://doi.org/10.12677/etis.2025.21003
https://www.hanspub.org/

H&T 4

1School of Information Engineering, Nanchang University, Nanchang Jiangxi
2Jiangxi Provincial Key Laboratory of Advanced Signal Processing and Intelligent Communications, Nanchang
University, Nanchang Jiangxi

Received: Dec. 14", 2024; accepted: Dec. 31%, 2024; published: Feb. 28, 2025

Abstract

In the context of the increasing prevalence of electrical systems and devices, fire incidents caused
by electrical faults and aging factors are occurring frequently, posing serious threats to people’s
lives and property. Most existing fire warning systems rely on comparing electrical parameters with
fixed thresholds, which suffer from slow response times and insufficient accuracy, making it diffi-
cult to effectively address complex electrical fault situations. To tackle this issue, an innovative elec-
trical fire warning system is proposed, based on Long Short-Term Memory (LSTM) network tech-
nology, combining High-Frequency Electrical Parameter Recurrent Neural Network (HF-LSTM) and
Low-Frequency Electrical Parameter Recurrent Neural Network (LF-LSTM) for research. HF-LSTM
delves into the heating patterns of circuits and the characteristics of overheating faults, while LF-
LSTM explores the periodic patterns of temperature changes in circuits. By integrating these two
models, the system can accurately predict circuit temperatures, enabling early identification and
warning of electrical fire risks. The system breaks through the traditional mode of relying only on
the data characteristics of a few parameters to calculate and judge the electrical fire danger, ignor-
ing the physical correlation between the parameters, and this paper adopts the dynamic threshold
adjustment mechanism based on LSTM, which enhances the continuity and correlation of the time-
series information and thus improves the accuracy and response speed of the early warning. The
system also introduces the concept of warning quantiles, allowing for quantitative assessment and
graded management of fire risks. The hardware circuit collects current, voltage, and temperature
information in real-time, integrating with an Internet of Things (IoT) platform to achieve real-time
monitoring and automatic response. Through advanced algorithms, the system enhances its ability
to recognize weak signals, ensuring early risk perception and prevention. Experimental data indi-
cate that this electrical fire warning system significantly outperforms existing solutions in terms of
prediction accuracy and response speed, effectively reducing the incidence of fires and providing a
reliable and efficient solution for safeguarding lives and property.
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Figure 1. Overall system scheme design
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Figure 2. Hardware architecture design block diagram
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Figure 3. Schematic diagram of single-phase AC power measurement module
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Figure 6. Hardware system flow chart
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Figure 12. Hardware circuit alarm cut off circuit
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Abstract

The article focuses on the discussion of object detection algorithms based on the MCU platform and
provides a complete set of engineering implementation examples: the face-tracking fan. This pro-
ject not only provides an efficient object detection algorithm but also realizes a control system that
can automatically track the human body. It controls the rotation of the base through two servos,
enabling the fan to keep rotating following the human body. The detection and control system pro-
vided in the article can also be integrated into monitoring equipment, smart homes, industrial au-
tomation fields, and so on.
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Abstract

This paper introduces a low-power tilt stability deformation monitoring system that integrates a
self-developed electrolyte inclinometer sensor, wireless modules (supporting WiFi and 4G), and
temperature, humidity, and vibration monitoring modules. The system is designed to achieve real-
time monitoring and early warning of structural health conditions through high-precision and low-
power technologies, making it particularly suitable for remote or outdoor environments without
direct power supply. This paper provides a detailed explanation of the system’s hardware compo-
sition, software platform, core advantages, and potential applications in the field of edge computing,
offering a new solution for the structural health monitoring field.
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Electrolyte Sensor, Low Power Consumption, Tilt Monitoring, Deformation Monitoring, Edge
Computing, Structural Health Monitoring
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Figure 6. Low-Power tilt stability deformation monitoring system implementation 1 (without Router)
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Figure 7. Low-Power tilt stability deformation monitoring system implementation 2 (using LTE loT Router)
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Figure 10. Diagram of the overall scheme design

E 10, RFEFRRTTER

2024 4 11 A URIRAIIT 06 238 5256 .
iR —ANME WI-F S, — N2 4G IEME, R EEFINARME, WK 11:

Figure 11. Installation diagram of Low-Power 4G and Wi-Fi stability testing product
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Figure 12. Platform data display diagram
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Figure 14. Trend chart of monitored raw data
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