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Compensation Method of Refraction Error Caused by Transparent Display
Screen in Transmissive Display Dual-Screen Deflectometric System

Wang Yuexia, Zhang Zonghua , Gao Nan, Meng Zhaozong
School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China

Abstract The proposed transmissive display dual-screen deflectometric system solves the challenging problem that
traditional methods fail to obtain the three-dimensional (3D) shape of a mirror object with a discontinuous surface.
The usage of a transparent display screen not only widens the measurement field of view but also reduces the
complexity of the system structure. However, the refraction effect of the transparent display screen will cause
errors in the 3D measured data. After analyzing the refraction light path in the transmissive display dual-screen
system, this paper proposes a method of compensating the refraction error caused by the transparent display screen.
To start with, we analyze the measurement principle of the transmissive display dual-screen system and the cause of
the refraction error. Then, the refraction error introduced by the transparent display screen is compensated through
phase in the parameter calibration process. Finally, the proposed method of refraction error compensation is verified
on the developed measurement system. The experimental results show that the proposed method eliminates the
error caused by the refraction effect and improves the measurement accuracy of 3D mirror object shape.
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Table 1

Analysis of accuracy verification results mm

Known depth of  Depth measured by system

rail movement before compensation

Depth measured by

system after compensation

Absolute error Absolute error after

before compensation compensation

5 5.033
10 9. 967
—10 —10.023
—5 —4.971

4. 980

—9.987
—5.016

0.033 —0.020

9. 981 —0.033 —0.019
—0.023 0.013

0.029 —0.016
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Table 2 Measurement results and error of right-angle steps mm
CMM measured Depth measured by the Depth measured by the Absolute error Absolute error
distance system before compensation  system after compensation before compensation after compensation
3.987 4.016 4. 006 0.029 0.019
7.025 7.048 7.038 0.023 0.013
5.006 4,981 4.990 —0.025 —0.016
6.099 6.130 6.121 0.031 0.022
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Table 3 Measurement results and error of annular steps mm
CMM measured Depth measured by system Depth measured by system Absolute error Absolute error
distance before compensation after compensation before compensation after compensation
3. 000 2.978 2.986 —0.022 —0.014
4. 000 4,028 4.022 0.028 0.022
5. 000 5.032 5.024 0.032 0.024
5.500 5.520 5.487 0.020 —0.013
6. 500 6.479 6.485 —0.021 —0.015
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