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Impact of Accuracy of Laser Spot Quality in Laser Triangulation
Long-Term Continuous Measuring Based on PSD
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Abstract The quality of laser spot is studied in order to improve the precision of distance and thickness
measurement system based on laser diode-position sensitive device (LD-PSD) laser triangulation. Static distance
measuring experiments with different powers of laser diodes are conducted. The experimental results show that drift
of the center of spot intensity increases measurement errors of the system in long-term continual work. The drift is
mainly caused by high-frequency noise and spot displacement. For these two factors, an optical system based on the
pinhole filter and beam splitter with prisms to improve the quality of laser spot is proposed, which is optimized and
simulated by CODEV. Static distance measuring experiments are conducted again after adding the designed optical
system to the rangefinder. The new experimental results prove that the precision of the system is improved from
25 pm to 8 pm. The design improves the practicability of laser triangulation measurement system for distance and
thickness measuring in long-term continual work based on PSD.
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Fig. 1 Schematic diagram of measuring the distance

based on laser triangulation
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Fig. 2 Repetitive measurement errors of system caused
by the drift and deformation of laser spot
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Table 1 Measurement errors of lasers with different power

Power /mW 5 10 20 50

Error /pm 25 35 50 85
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Fig. 3 System of alignment-filter-convergence
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Fig. 4 Improved optical system for distance

surface to be
measured

measurement based on PSD
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Fig.

Spot diagrams of system in different diameters of pinhole. (a) D=co; (b) D=0.5 mm;

(¢) D=0.1 mm; (d) D=0.05 mm
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Table 2 Gaussian beam parameters

Propagation Beam of Beam

Surface distance to next surface /mm orientation /

Wavefront radius
of curvature before

refraction /mm

Waist radius Distance from

before waist to

refraction /mm surface /mm

surface /mm )
x y . y x y x y

Object 10. 0000 0.5000 0.5000 0.0 2333643.0 2333643.0 0.5000 0.5000 —0.6256 —0.6256

1 2.5000 0. 5000 0.5000 0.0 —155753.2 —155753.2 0.5000 0.5000 9.3744 9.3744

2 9.9554 0.4176 0.4176 0.0 12. 6688 12. 6688 0.0041 0.0041 —12.6675 —12.6675

3 51.6770 0.0794 0.0794 0.0 —1.5933 —1.5933 0.0041 0.0041 1. 5890 1. 5890

4 2. 6000 2.6586 2.6586 0.0 —53.2661 —53.2661 0.0041 0.0041 53.2660 53. 2660

5 10. 0000 2.6532 2.6532 0.0 1268. 4687 1268.4687 0.0653 0.0653 —1267.7 —1267.7

6 3.2000 2.6215 2.6215 0.0 827. 7795 827. 7795 0.0653 0.0653 —827.2657—827.2657

7 1. 2000 2.5424 2.5424 0.0 102. 7758 102. 7758 0.0055 0.0055 —102.7753—102.7753

8 55.3011 2.5383 2.5383 0.0 758. 6405 758. 6405 0.0371 0.0371 —758.4786—758.4786
Image 0. 0045 0.0045 0.0 1.1823 1.1823 0.0045 0.0045 —0.0082 —0.0082
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Fig. 8 Repetitive measure ment errors of system based
on the improved optical system
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Table 3 Measurement errors of lasers with different

power in the improved system

Power /mW 5 10 20 50

Error /pm 8 12 18 25
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