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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 sys-
tem noise, enhancing the accuracy and reliability of electrode tip position detection. The study ini-
tially 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 differen-
tial 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 submerged arc fur-
naces.
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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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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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9. ETNXHIAFETIHELR

K9 kBRI ey Sem. ZRPE L 2 4. LRGN R E 4L, R4 10 NERIE, Z3NFESIIR K
shRge il 10 Fros.

BH ] 10 m4n, R PRA R BEARIT R AT 230,  ERERBEIARABEAL, TR&EHNAE R
TEHEE, DL, PIZESZRRE M EEA 2P AR Y .

4.2. MR GE4

# RF B, MCU F1 Raspberry Pi Zifr Ay “Hudli KL um” o [Rltk, WL BRI 2R ¢ th B 41 % J8ds
Bl K4 im 5 PC HLALA, Wil 11 Aros.

DOI: 10.12677/etis.2025.21001 8 MARHEAR SRS


https://doi.org/10.12677/etis.2025.21001

e 5%

M_MCU BN RS T8 8T, €0 R PRGBS K% TE 4 DICESE, I IE R EdE K ik %
Raspberry Pi. A J& , Raspberry Pi ¥ £ 85 (R A7 55 2= 504 /22 , PC HLSEIS M 2= B0 i b 3R EE , F-7E LabVIEW

6 T E AT A R A

Bxl sz BxN
rEams | | |
N\ L, L, Ly
° a JB,xlc d 5 B,xl... © 4 3 B'xN
movable L' L, L.
e o—— o c_‘
TEZEH " P —F —F
Ad,

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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PID #&Mil &1 A —Fh & sl Fyk, 72 T Az, DR H L& TR & S b A 2 B
H, HfE e, m RS R VAL H o R AR A% 0 T R SR, AESERRAE S gid, B TFHESHNE
k BAMECURS TR AL, DUA I S HERHE LI R AN A3 5 7R K [1]. XM R RS 80H mr AR l—
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7t PID S48 5e J7ik, Ziegler-Nichols (Z-N)iE &N ) 2 A B R 2 — . %7770 il e il
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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
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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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Figure 1. Block diagram of system
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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.

Keywords

Electrolyte Sensor, Low Power Consumption, Tilt Monitoring, Deformation Monitoring, Edge
Computing, Structural Health Monitoring
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Figure 1. Structural diagram of liquid pendulum and solid pendulum principles in tilt sensors
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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
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Figure 11. Installation diagram of Low-Power 4G and Wi-Fi stability testing product
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Figure 12. Platform data display diagram
12. FEHER~E

7’?’2?3
TR, REREECRE, REUE, HEifabs, XU X, Y 77 RA FI 8, BRI EHRE. K
SRR DL S AR AT AR B0E
KRG CAAE RSP B S AT .
B R T T ATE IR A T ARSI H Y, TLM S IR S IS, 440 300 4,
i B A JA A i T SOE R AT SE BTN (] 13, 5] 14).

Figure 13. Installation site diagram
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Figure 14. Trend chart of monitored raw data
& 14, N RIEHIEEE E

JRE TR BN AR — REM SN, FTds, Sonnl e & L& I 2Kk .
NG TS R GG B — IR

5. GRAhSITR

A TCRRINBT A T — RS E BT U5 AL RS R DR R AR B AR I R 5, BT ks, 1K
ke, HilE. BRMMFERZEMLS . LRGN ARSI 1450 i B I A R MAE R, Ot
fili it (1 2 A is AR SR A JI BRI . Rk, ARSI RGEVERE, HREN I, HESh 45
i R EAR B3t — 20 K JE

SE K

[1] Z5, E4E0, BRI, 2000 N R 22 T SEi s AT 7E[9). $R3h5 i, 2013, 32(5): 65-69.

[21 BREREE, R, TN RO ARSI R R 5EB]. Ak 51, 2012, 27(12): 18-21.
[8] ki, FWRHh. PREARMRR AR M B 1T 3], ThEEAEL, 1993(6): 88-94.

[4] 2%k Bk WREESTZHN AloT R RS AL]. A MSIRA R RGNH, 2022(9): 4-9.

DOI: 10.12677/etis.2025.21005 58 MARHEAR SRS


https://doi.org/10.12677/etis.2025.21005

BARBASERERY

Embedded Technology and Intelligent Systems

Embedded Technology and Intelligent Systems

AR E B it R4
B o S G S 0

https://www.hanspub.org/journal/etis
ISSN:3065-1220

(RARXBAREERALG) £ ATF I 5K E L it gt ik N X EOR 5 2% 8 /8 2 Gt 10 i WF 70 85k a3t Jee 14 [ s v S0 3
Fl, SRR HE EARAF . SR B SRS P R B, AR BEREI RS TR R E LS &, WA AR,
PR RE TR, A RERZLE, SR B R R AR T AT R R R R AU G I R
A SN E RO RCR . 2T DO AR AR, A ERORAT, BB A O SR ) A 2 1A

£ &l E 4
ERAIE 8 PPN € fTANBR, AR R GEE 2 B T i
S BUM TR R A T

2 Ko

N T3 e B -1 5 v S5 (00 85 e A6 R A 2 e N =X )8
GPT-47MGPTLL S GPTYE ik A 3K A BE & Ge Wt & o 1 B A

5 B LA G R GE(CPS) 4 K M H AR -8 S T 550 R0 TG 28 4% B 12 75 L ) 0 35 IR B P SR RE R e i B
AN RGN RIEEAE RG-S ) - Linux. 22 5280 FF P50 52 5

L EE RGN AR EAREERXE RS

N AT A0 AR A R {7 BT RE s A AR

N A= R A H R-CI/CDFIDevOpt-7i Al 45
BR[5BT U8 $5 4 S A UE S - RISC- V=l A 74

A\ HSoCH R--MCU Q#7554 - FPGA/DSPHZ A il J37 H

AL F 5 -1 4 B R-GPU $ R0 5505 B ik N X2 4% b

CANRI Tl & 28 52 AR - ] 8508k & Zi—Ha AL 4% #il-PLCHI T MkPC

TG 48 18 15 B R-WiFi/ % 7/ Mesh/ 1 55/ SGIN 25— 1k W 22 4> —iK Th #& 152 1

BN R G0 RS S - B R FIA T E B e -BR L B -4 N A 5 3%

MAXBERERGNH (BRERE. MHEREE. PA. BErEr. KEATFTHMEMRE)

=

EXERRFEEm:

L A fE 45 SR LU A AU IR RTEE . s, SCF R G BEE. SCFIEIR, BA RN Sk A sE

2. Fa L AN R S, BAUINAE JE kR @, (EE (S S B SR AR E 19 225 SCER 71 3R

3.5 R HWORDHER, WG LT, £i. BER. HERSHE

4. WFatF ech s 2 Hid, M2 BN ELREELmPY. ATIRREEAFARLWIE . CETEELZE, T 5
FH

5.ARTIRH [FAT VP e 09 5 30, wEAR A B — M CS~14H .

BT R E 2 {5 BE B 3 https://www.hanspub.org/journal/etis B A M4 : etis@hanspub.org



Hans ;X

RANASEERS

G MO RO EEHLR KRB R
Fh: DU RE BRI AR RHEAT BIL D
Gift: CRAABA SRS BB

Mk . https://www.hanspub.org/journal/etis
HL B i : etis@hanspub.org

HiR DU H i



	封面
	编委名单
	目录
	版权
	矿热炉电极端部位置的差动式磁场阵列检测系统
	基于人工蜂群算法优化BP神经网络的PID控制算法
	基于高低频循环神经网络的电气火灾风险预测系统
	嵌入式平台物体追踪应用实例：人脸追踪风扇
	基于电解质倾角传感器模块的低功耗4G WiFi倾斜形变智能监测系统开发
	征稿启事
	封底

