Applied Physics [ Fi#J3, 2026, 16(4), 379-392 Hans X
Published Online April 2026 in Hans. https://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2026.164035

BRBERHTS A PO B (S RO B ARt

XEE, SRR, TRE, 2 F, XTRE, ARE
[EEREEs PN 6= o PR U DL I ]

Weks . 20264F3H17H; FHEM: 20264F4H10H; KA H: 20264F4H22H

R

EERTERBE AN LT S BN B AT R MR, ATHERERKHE, S0t T —MekBEHSEL
BRI R OB RS . RAUSTM32H743UT6 N RO, MR T HBUGNEERIR . XM E R L.
e MALBRSEAEERERBARNNET . SAGETHRREBOCNERRLI 3
NEFTEARR, ACRABRFEHERERRBOERREN T L FRIE, W ESOEx
BRI BRAEE MBI, R4 XA BOC TR B RIEBE R KR A, it T E T TECKRZERR
RENERE . LREREY, ALREFM TUEERREE L NL2.96 mm, TAEREFMFET AR
FrE+0.466 mm, 21 mmUBREENRITER. ZRARFFHRR. WERRRNIE LT T
R, FOABRER RN LTS HUS R —F i R BAR T R

X 5in
AL, BOEWEE, JIASHME, STM32

Hardware Design of a Railway Static Laser
Contact Network Measuring Instrument

Shijun Wu, Shigiang Qiu, Yilun Wang, Tao Gong, Heruikun Wu, Qinghong Zhou*

School of Mathematics and Science, Southwest University of Science and Technology, Mianyang Sichuan

Received: March 17, 2026; accepted: April 10, 2026; published: April 22, 2026

Abstract

A hardware system for a railway static laser contact line measuring instrument is proposed to im-
prove the accuracy and efficiency of geometric parameter measurement of railway contact net-
works. The system is based on the STM32H743IIT6 microcontroller and integrates a laser ranging
module, optical measurement system, photoelectric encoder, inclination sensor, and data acquisition
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circuits to realize multi-sensor data acquisition and processing. Unlike conventional measurement
instruments that determine the contact wire height by mechanically rotating the laser ranging mod-
ule, the proposed system measures the height by modifying the laser propagation path through an
optical system. In this paper, a program-controlled optical system is used to change the laser prop-
agation path to achieve contact wire height measurement, thereby making the operation of aligning
the laser with the contact wire more convenient. In addition, considering the significant influence
of temperature on the measurement accuracy of the laser ranging module, a temperature control
module based on a thermoelectric cooler (TEC) is designed to stabilize the operating temperature
of the laser device. Experimental tests were carried out to evaluate the stability of the laser ranging
module under different temperature conditions. The results show that the repeatability accuracy
of the module is approximately + 2.96 mm without temperature control, while itimproves to +0.466
mm when the temperature is controlled. The experimental results demonstrate that the proposed
system can achieve the design requirement of 1 mm measurement stability. The instrument fea-
tures high measurement accuracy, good stability, and a relatively simple structure, providing a
practical solution for railway contactline geometric parameter measurement. to the Hans standard,
which illustrates all the formats.
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Table 1. System design spec sheet
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Table 2. Main sensor specification table
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Figure 1. TTL to RS422 differential signal conversion circuit
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Figure 2. TTL to RS-485 differential signal conversion circuit
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Figure 4. Step-up regulator module
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Figure 5. Block diagram of PID-based TEC temperature stabilization for single-point laser ranging
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Figure 7. Experimental data of M703A single-point laser ranging at different temperatures

E 7. AREREET M703A B 8 im B Ul 1 14 S208 BUiE

Figure 8. Optical system schematic diagram
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Figure 9. 3D diagram of the mechanical structure
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Figure 10. Internal view of mechanical structure
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Figure 11. Measurement repeatability (stability) data of the prototype
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Figure 12. Statistical distribution of measurement results
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Table 3. Comparison table of contact wire height test data
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1 2h 5 = {E (mm) FENL S =8 (mm) 5518 % (mm)
5056.4 5056.2 0.2
5332.6 5332.3 0.3
5609.5 5609.4 0.1
5889.7 5889.5 0.2
6169.4 6169.3 0.1
6446.2 6445.9 0.3
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