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Abstract

Addressing the issue of declining measurement stability in commercially available laser rangefind-
ers under prolonged operation, this paper centers on phase-based laser ranging technology and lev-
erages the advantages of embedded systems to design and fabricate a laser rangefinder characterized
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by high precision, high stability, and miniaturization. The core of this rangefinder lies in the design
of a temperature control system incorporating active thermal management and passive insulation.
Specific measures include an external circuit providing stable power supply; the use of PEEK mate-
rial with low thermal conductivity as the insulation layer to mitigate the impact of environmental
heat conduction on core modules; and the implementation of an active temperature control system
built around a PID controller, complemented by an aluminum casing, TEC semiconductor coolers,
and thermal silicone pads. To optimize and validate the thermal design of the mechanical structure,
COMSOL Multiphysics software was employed to establish a thermal simulation model of the system.
This model was used to simulate and analyze the effects of different designs of the PEEK insulation
layer and aluminum casing on the internal temperature distribution. To evaluate the performance
of the system, long-term continuous measurement experiments were conducted. The results demon-
strate that this design effectively suppresses thermal drift in measurement values, thereby enhancing
measurement stability.
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Figure 1. Schematic diagram of the power supply circuit for the laser ranging module
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Figure 2. Power supply circuit of the PID temperature control system
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Figure 3. Schematic diagram of the communication conversion circuit
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Figure 4. Simplified two-dimensional heat dissipation structure diagram
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Figure 5. Simulated temperature field distribution diagram
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Figure 6. Structural diagram of the fin-type heat dissipation base
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Figure 7. Simulation diagram of the temperature field of the fin-type base
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Figure 9. 3D modeling diagram of the mechanical structure
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Figure 10. Time series plot of long-term measurement results
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Figure 11. Frequency distribution histogram and Gaussian fitting curve
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Figure 13. Long-term measurement results without active temperature control
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Figure 15. Long-term measurement results under varying temperature conditions
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Figure 16. Allan deviation plot under varying temperature conditions
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