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Calibration of System Parameters Based on Direct Phase
Measuring Deflectometry

Deng Xiaoting, Gao Nan, Zhang Zonghua
School of Mechanical Engineering, Heibei University of Technology, Tianjin 300130, China

Abstract Phase measuring deflectometry (PMD) based on fringe reflection has been widely studied as a way of
obtaining three-dimensional shape of specular objects. System calibration is an important step, and it determines the
accuracy of the measurement results. We propose a calibration method to obtain the system parameters based on
phase information. As a result, it can build the relationship between the absolute phase map and depth data. A
contrast experiment is done for verification about extrinsic parameters of the LCD screen by phase data and the
checkerboard. The experiment shows that the method using phase data is more accurate when images are out of
focus. Using the calibration system, we test a concave mirror and an artificial specular step with discontinuous
reflective surface, and the error is about 22 pm. Experiment results show that the proposed method can precisely
determine the system parameters, so that 3D shape of specular objects can be measured with a high accuracy.

Key words measurement; fringe reflection; specular surface measurement; system parameter calibration; direct
phase measuring deflectometry
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Fig. 1 Schematic of the measuring system
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Fig. 2 Images of hollow ring marker matrix captured by the camera. (a) Texture image;

(b) red dots representing the center of each hollow ring marker
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Fig. 3 Fringe patterns displayed on the screen. (a) Horizontal fringe; (b) vertical fringe
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Fig. 4 Feature points matching using

absolute phase image
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Table 1 Calibrated internal parameters of the camera

Focal length /pixel Radial distortion/pixel

Tangential distortion

F, F, P, P,

Kl KZ K’g K,l

10137.452 10137.811 1204.783 1011.174

—0.2712

—1.8758 —0.0002 0.0003
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Fig. 7 Reprojection error of the calibrated camera (pixel)
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Table 2 Results of LCD's extrinsic parameters using

checkerboard and fringe patterns mm

Step distance Calculated distance 1 Calculated distance 2

10 10.058 9.915
20 19.923 19.880
30 30.122 30.172
40 40.154 40.194
50 49.789 49.758
60 60.294 60.246
70 70.314 70.288
80 80.468 80.327
90 89.454 89.606
100 99.342 99.558
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Fig. 8 Error of the calibrated extrinsic parameters
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Fig. 9 Photos of (a) concave mirror and (b) manufactured artificial step
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Fig. 10 Measured 3D shapes. (a) Concave mirror; (b) artificial specular step
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Table 3 True and measured distances of the artificial

specular step and their errors mm
Actual Measured Absolute Root mean
distance distance error square error
3.987 3.969 0.018 0.022
7.025 7.010 0.015 0.019
5.006 5.028 0.022 0.024
6.099 6.120 0.021 0.020
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