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Method for Refraction Effect Compensation of Liquid Crystal Display in
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Abstract Direct phase measuring deflectometry (DPMD) solves the measurement problem of discontinuous mirror
objects. It uses a new mathematical model to directly establish the relationship between phase and depth. In the
DPMD system, a liquid crystal display (LLCD) is used to display a high-contrast fringe pattern, and a camera
captures the deformed fringe image reflected by the mirror surface to be tested. However, the refractive effect of the
LCD transparent layer causes errors in the DPMD measurement results. Therefore, we propose a method for
compensating the refraction effect of the display in the DPMD system. By establishing a single layer refraction
model, the thickness and refractive index of the transparent layer are first calibrated using the light equations, and
then the refraction angle is calibrated using the system’s geometric relationship. Finally, the offset is calculated
based on the calibrated parameters to compensate the system’s depth data. The measurement results of a specular
step and a concave mirror show that the measurement accuracy is enhanced by 30%. Therefore, this method
effectively increases the measurement accuracy of the DPMD.
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compensation
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Table 1
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True value, measured value and compensation value of specular step and their errors

unit: mm

) Distance before
Actual distance .
compensation

Distance after

compensation

Absolute error before Absolute error after

compensation compensation

3. 987 3.966 3.971 0.021 0.016

7.025 7.011 7.014 0.014 0.011

5.006 5.025 5.019 0.019 0.013

6.099 6.121 6.116 0.022 0.017
Depth /mm
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Fig. 10 Measured 3D shape of specular step
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Fig. 11 Reconstruction error of concave mirror. (a) Before compensation; (b) after compensation
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