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Deflectometry Measurement Based on Line-plane Model

LI Chen, ZHANG Xu, TU Da-wei
(School of Mechatronic Engineering and Automation s Shanghai University . Shanghai 200072, China)

Abstract: The intersection issues between the reflected light and the incident light are transformd into the
intersection problems between the reflected light and the plane containing the incident light, and the line-
plane model is constructed. The point light source is used to replace the traditional continuous surface
light source, and the incident light plane is determined by detecting the projected lights of two or more
light source points on the incident light. Then the mirror point is determined by the intersection between
the reflected light and the incident light plane. The calibration method for line-plane deflectometry is
proposed on the basis of the mirror calibration method, which can be used for specular measurement with
only once calibration. The effect of the posed relationship on reconstruction accuracy of the system is
analyzed in simulations. The maximum error of system measurement is 0.25 mm., the root mean square
error is 0.073 mm. Experiments verify the feasibility of the proposed methods, and the experimental
results show that the method has high accuracy.

Key words: Incident light; Reflected light; Incident light plane; Line-plane model; Mirror calibration
method; Simulation analysis
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Fig.1 Traditionaldeflectometry and line-plane deflectometry schematic diagram
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Fig.2 Line-planedeflectometry calculation model
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Fig.3 The calibration of intrinsic parameters and posed relationship
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(a) Three calibration board images captured by camera through mirror reflection

(b) Three fringe images captured by camera through mirror reflection

(¢) Three calibration board images captured by camera through mirror reflection
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Fig.6 The calibration images
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Table 1 Calibration result of intrinsic parameters (camera, projector)

Camera Projector
Focal length [2479.257 5,2 482.492 2] [1 559.531 2.1 556.194 8]
Principal point [647.212 3,509.757 8] [649.662 6,720.307 9]
Pixel error [0.060 8,0.068 1] [0.104 6,0.079 8]

N TR E FRALANBE R A A1 28 5 2 L AL 38052 RIS 38 Al O 45 AN 2l R - TG B 0 o 5 WS 38 3 4K, A
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W BRI PP J7 Wk 2 SO AR E A7 2856 JR L ad [l ~F- T80 B8 S S5 10 28 9 A B 5 AR DL AR 7 B
PR AR L i AR AAPLAN B A LR N R FIT.

0.826 2 0.336 0 —0.452 3
R=| 0.040 5 —0.836 0 —0.547 2
—0.562 0  0.433 8 —0.704 3

T=[302.446 8 —26.721 1 151.358 0]
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(a) The rings center of calibration board in camera image

(b) The phase in x direction
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(c) The phase in y direction (d) The DMD image calculated by bilinear interpolation
K7

AR B BR A o A 3 R 4 B O BE o N & MR A

Fig.7 Camera ring center detection and the bilinear interpolation of the projector ring center
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(a) Fringe images

(b) The absolute phase in x direction corresponding to image (a)
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Fig.8 Fringe images and absolute phase images
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Linear least squares fitting in the image plane of projector. The number in box indicates the error
between the pixel point and the fitting straight line
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The three-dimensional point calculation from the interpolation between the line and the plane
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