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Sensor Structure and Signal Processing System for
Precision Optical Displacement Measurement

ABSTRACT

Optical measurement methods make it possible to detect object displacements with high resolution and noncontact

measurements. Also, they are very robust against EMI noises and have long operation range. An optical triangulation

sensor is one of widely used displacement measurement sensors for its sub-micron resolution, fast response, simple

structure, and low cost. However, there are several errors caused by inclinations of a surface, speckle effects, power
fluctuations of light sources, and noises of detectors. In this paper, in order to minimize error effects, we performed error
analysis and proposed a new structure. Then, we setup a new modeling method and verify it through simulations and
experiments. Based on the new model, we propose a new sensor structure and establish design criteria. Finally, we

design a signal processing system to overcome a resolution-limited problem of light detectors. The resolution of the

proposed system is 0.2um in 5 mm operating range.
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Table 1 Comparison of Various Displacement Sensors
Operating

Resolution Range /

Range (mm) (um) Resolution Detector
KEYENCE 100 1.00 10,000 cCD
LK03!
BANNER 60.0 3.00 20,000 PSD
LGS
ACUITY 3.175 181 833 PSD
AR600
MTI 255 0.127 20,079 PSD
Microtrak 7000
PROTOTYPE 5.00 0.200 25,000 ccp
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