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Abstract

To address the prevalent limitations of existing non-contact speed measurement techniques in
measuring linear reciprocating motion of small-sized objects—such as constrained spatial layout,
high dependence on object surface characteristics, and insufficient environmental anti-interference
capability—this paper presents the design and implementation of a non-contact linear velocity
measurement system based on a laser displacement sensor. The system incorporates a laser line
projector to establish a high-precision spatial alignment method between the optical path and the
motion trajectory, enabling synchronous acquisition of displacement and timestamp data. A highly
robust velocity analysis model is constructed through real-time differential computation of the dis-
placement sequence, combined with a multi-stage filtering strategy and a down-sampling technique
based on averaging. This approach effectively suppresses noise and enhances signal quality. Exper-
imental results demonstrate that within a measurement range of up to 2 m, the system can stably
detect the linear velocity of millimeter-scale objects. It reduces requirements on object size and meas-
urement space while maintaining measurement accuracy. Under typical industrial noise conditions,
the system exhibits good stability and adaptability, overcoming the limitations of conventional op-
tical and ultrasonic methods in terms of material adaptability and environmental interference re-
sistance. This provides a practical and viable solution for high-precision motion monitoring scenar-
ios such as micro-electromechanical systems.
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Figure 1. Schematic diagram of laser displacement sensor measurement principle
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Table 1. Displacement measurement value of laser displacement sensor

=1L BRI ASNEE

A E EfFE1 RITRE 1 BT/ 2 RAiTRE 2 EAT# 3 RATFE3
-1000 —1000.103 —1000.102 —1000.102 —1000.108 —1000.109 —1000.109
—800 —800.019 —800.006 —800.001 —800.000 —800.004 —799.999
—600 —599.952 —599.952 —599.948 —599.958 —599.960 —599.963
—400 —400.008 —400.007 —400.016 —400.008 —400.010 —400.008
-200 —199.979 —199.973 —199.980 —199.987 —199.990 —199.989
0 0.010 0.001 0.010 0.006 0.004 0.003
200 200.038 200.029 200.036 200.045 200.038 200.032
400 399.947 399.961 399.958 399.966 399.943 399.952
600 600.094 600.111 600.085 600.123 600.089 600.103
800 800.519 800.510 800.510 800.502 800.483 800.488
1000 1000.051 1000.051 1000.036 1000.036 1000.042 1000.042
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Figure 2. Process flow chart (left: main program flow control diagram; right: data processing process diagram)
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Figure 3. Schematic diagram of system speed measurement (left: front view; right: top view)
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Figure 4. Prototype photograph of the speed measurement system (left: optical speed measuring instrument, right: laser dis-
placement sensor)
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Table 2. Comparison of measurement results
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~ Bothrs e T
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3 mm/s 2.9 0.1 3.8 0.8
10 mm/s 9.5 -0.5 10.4 0.4
20 mm/s 20.7 0.7 20.6 0.6
30 mm/s 293 -0.7 31.7 1.7
40 mm/s 39.0 -1.0 38.6 -1.4
50 mm/s 50.7 0.7 51.3 13
100 mm/s 100.7 0.7 102.6 2.6
200 mm/s 198.9 -1.1 202.7 2.7
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