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Abstract

The bridge girder traveling mechanism (BGT) serves as a core transportation system in steel produc-
tion, where its operational stability is directly linked to production safety and efficiency. Addressing
the challenges of high cost, poor real-time performance, and weak environmental adaptability in tra-
ditional monitoring solutions, this paper proposes a BGT operation state monitoring system based on
the MPU6050 inertial sensor. The system employs the STM32F103ZET®6 as the central processor to
construct a multi-terminal data acquisition module, utilizes a LoRa wireless network for real-time
data transmission, and integrates a human-machine interaction interface designed with the Qt frame-
work. Moreover, a novel dual-decision algorithm combining dynamic thresholding and random forest
classification is implemented to achieve accurate detection of rail gnawing and abnormal vibrations.
Experimental results on a simulated BGT platform demonstrate that the system achieves detection
accuracies of 98.1% for severe rail gnawing (attitude angle deviation > 5°) and 92.3% for abnormal
vibrations (exceeding acceleration limits), significantly outperforming traditional fixed-threshold
methods. This study provides a novel approach for cost-effective and robust condition monitoring of
industrial BGT systems.
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Figure 1. System chart
E 1. REHEE
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3.1. EEER
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Figure 2. Lower computer PCB design
& 2. TI#l PCB ixit

Figure 3. Data acquisition terminal shell design
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Figure 4. PC software flow chart
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Figure S. PC interface
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Figure 6. Lower computer program flow chart
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Figure 7. Experimental simulation platform
7. EHEHFE

5.2. BEALARMRBEREITAE

NS AEBE N LR MAR RS R ZE38 4T i WU PR RE R I, A A IEW Lok, RE IR S5
SRR SR HREE . FEIEREEL 300 FEA, M 2 FHZ 200 M)IELLL A 5 ik EH0E .
FERVYI 5 E A5 9 80% 254 /20% MR £E[ 6]

BENLARAMAR ARG B S0 R RS EH (n_tree) = 100, e KAIREEARIRH], KM Gini $E5U/E NEE
TERN AR e o 0 N REAE CLFE =3Ik B (ax, ay, a,) 5 %45 M1 (pitch, roll, yaw) 3t 6 4E )&, HE&ErriEfbab 2
SR

FHTRIEFE B R R MR AR R 2 R T 25 5, ] 8 B

DOI: 10.12677/mo0s.2025.147538 301 A ()


https://doi.org/10.12677/mos.2025.147538

fog
iy

43

BEMH

HBEMS L

HEWHE 0

E¥  RERS REWH PEWH EREWEH

Figure 8. Confusion matrix of the crane state test set
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e RPN BRI GF, 55 &M IER R, DU 5 ABR A BIAHARSI, RIS
DA A& BRIRAEE S . PEEREPURMEONAER, 60 MEATA 57 M IEEM, L 1 KA
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Table 1. Importance score results

F 1. EEMEHER

FEAE pitch roll ax az ay yaw
HEEAR 243 21.8 18.5 14.2 11.9 9.3

FRAE B E AR VPAL 45 R T IR, FERENLARMAR R, S MAH SRR AECJC 2 pitch AT roll) % #efi 73 28
TURRER K, 0 5 24.3% 5 21 8% AL E, RUIR LR M PEL SR TN, X P A RN

DOI: 10.12677/m0s.2025.147538 302 e RSE TR


https://doi.org/10.12677/mos.2025.147538

28

fog
iy

%

BUR . IR PERHIE R, adE N B [ o B A% O FB AR, AUEIA 18.5%, TE R IS PN 7 4R 3l ke 2
KEAEH; a_z Al a_y MTTBRARXT A, EZH TR EE S5 77 M ES R 1 yaw 2840 ARXT
PR, WM RN . AKRE, B AR R A GG 3 S AT, AR S R B R R R O
H#.

S R, BENLARMAB IR RG] R R AR R T B R R SRR e, THARS
WA RN TR 97%. RILFHERIRES/N, S5I1EE THES, WRENIS R
RSN IIR B RE ST 0E 55 .

5.3. RGN

AR SIS BT HEREAT 400 K, FIIEIIER . IR BEPUTHL, 1B A0 200 K, FHEHRS) 100

s MEHL 100 K. SREQIRIESE R WIS 2 Fx:

Table 2. Experimental result
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SEIG I isalEi=R ETH2(%) HRIZ (%) F1-Score R (%)
IEH T TR 98.5 - - 1.5
RSN 3k g L PR 92.3 89.7 0.91 7.2
R B AT (<2°) 85.6 83.4 0.84 9.1
RS BEMmMBQR~5) 94.2 92.8 0.93 47
M BEMAMFEES) 98.1 97.5 0.98 1.9
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