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Effect of Light Spot Intensity on Precision of Displacement Measurement
Based on Position Sensitive Detector

ZHANG Peng, TAN Ai-ying, CHEN Wei-min, ZHANG Yi
(College of Opto-electronic Engineering s The Key Laboratory for Opto-electronic Technology & Systems of
Ministry of Education, Chongqing University , Chongqging 400044, China)

Abstract: In order to obtain high-precision displacement measurement, a mathematical model for
measurement deviation was constructed according to the ideal position model and signal processing
methods of position sensitive detector. It indicated that the measurement deviation of system decreased
with the increase of the light spot intensity, while increased with the increase of the electrical noise. A
displacement measurement experiment was designed to verify the model. The experimental system
included an infrared light-emitting diode and a pillow type position sensitive detector and its test circuit
board. Displacement measurement experiments of 21 position points were carried out in nine different
groups of spot intensities separately., The distance between every two position points each was 0. 3 mm.
Each group of displacement measurement data was fitted by using MATLAB CFTOOL tool, with root
mean square error as a parameter evaluating the precision of position sensitive detector displacement
measurement. The result shown that the precision value and its variation trends in the displacement
experiment are consistent with that of model calculation.

Key words: Light source; Displacement measurement; Photoelectric detector; Measurement deviation;
Optical system
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Table 1

Parameters under various resistances

Resistance of R/kQ

0.004 0.13 0.32 0.63 0.93 1.36 1.85 3.03 5

Radiation on PSD/pW  6.35 4.77 3.73
Photocurrent/p A 3.81 2.86 2.24

2.61 2.42 1.61 1.22 0.82 0.56
1.57 1.45 0.97 0.73 0.49 0.34
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Table 2 Theoretical deviation and experiment deviation under different light spot intensities

2.61 2.42 1.61 1.22 0. 82 0.56

Radiation/ W 6.35 4. 77 3.73
Experiment deviation/mm 0.048 0. 056 0.069
Theoretical deviation/mm 0.035 0.046  0.059

0.077 0.094 0.127 0.176  0.278  0.385
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