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Elimination method of crosstalk and chromatic
aberration between color channels for composite
surface measurement
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!School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China;
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Abstract: In order to realize the rapid measurement of composite surfaces with diffuse and mirror reflection, the
composite surface measurement system based on fringe projection and fringe reflection can obtain the absolute
phase rapidly through the multi-color channel of the camera. Aiming at the crosstalk and chromatic aberration
between the color channels introduced by the camera, projector, and display in the composite surface topography
measurement, this paper studies the crosstalk elimination method based on the matrix and the chromatic aberration
elimination method of the absolute phase corresponding pixel deviation. Based on the crosstalk matrix, the
crosstalk matrix of the projector and display screen is established. The crosstalk intensity from other channels in the
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desired color channel is eliminated to complete the crosstalk elimination between color channels. The absolute

phase in the horizontal and vertical directions of each color channel is obtained by color orthogonal stripes. The

relationship between phase difference and pixel deviation is established to realize the pixel deviation correction of

each pixel point and eliminate the influence of color difference. The experimental results show that the proposed

method reduces the average measurement error of the composite step from 0.479 mm to 0.030 mm, and improves

the efficiency and accuracy of measurement.

Keywords: optical measurements; composite surface; multiple color channel; phase measurement; chromatic

aberration and crosstalk
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Fig. 5 Absolute phase diagram before and after crosstalk elimination. (a) A fringe map taken at the same time; (b) Absolute phase map of the

blue channel before processing; (c) Absolute phase diagram of the green channel before processing; (d) Absolute phase diagram of the
processed blue channel; (e) Absolute phase diagram of the processed green channel
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Fig. 6 Image of pixel deviation before and after color correction by the traditional method. (a) Image of pixel deviation before chromatic
correction; (b) Image of pixel deviation after chromatic aberration correction
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Table 1 Measurement results of adjacent step surfaces of composite reflection steps (unit: mm)
St CMM Measurement Corrected Absolute error Corrected
e
n‘ P measurement results before measurement before absolute
surface
results correction results correction error
1-2 3.000 2.646 2.975 0.354 0.025
2-3 4.000 4.381 4.021 0.381 0.021
3-4 5.000 4.409 4.961 0.592 0.039
4-5 5.500 5.979 5.523 0.479 0.023
5-6 6.500 5.957 6.463 0.543 0.037
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Elimination method of crosstalk and chromatic
aberration between color channels for
composite surface measurement

Liu Shuo', Zhang Zonghua'*, Gao Nan', Meng Zhaozong', Gao Feng’
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Color difference schematic of composite measurement system.

Overview: Due to the large dynamic range and high precision, the optical 3D measurement technology based on phase
calculation is widely used in aerospace, automobile manufacturing, biomedicine, cultural relics protection, and other
fields to measure a type of surface. For example, fringe projection profilometry and phase measurement deflectometry
are used to measure diffuse and specular surfaces, respectively. With the development of advanced manufacturing
technology, the measurement of one type of surface cannot meet the current situation. In the existing research on diffuse
and specular composite surfaces, 3D topography restoration of large gradient and discontinuous composite surfaces has
been achieved. The composite surface measurement system based on fringe projection and fringe reflection can obtain
absolute phase rapidly through the multi-color channel of the camera. However, the multi-color channel of the camera
not only realizes the rapid measurement but also introduces the errors such as crosstalk and chromatic aberration into
the system, which limits the accuracy of 3D topography restoration of composite surface objects. Crosstalk mainly
comes from the process of simultaneously shooting different color stripes projected by the projector to the diffuse part
of the object and displayed by the transparent display screen on the mirror part of the object. The color difference
mainly comes from the different color stripes displayed by the double screen transmission of the mirror part, and there
is a phase difference between the absolute phase of the two colors. Therefore, this paper studies the crosstalk elimination
method based on the matrix and the color difference elimination method of absolute phase corresponding pixel
deviation. Based on the crosstalk matrix, the crosstalk matrix of the projector and the transparent screen is calculated
respectively according to the color light intensity relationship between the color camera, projector, and transparent
screen. The stripes of different colors projected on the diffuse surface and mirror of the composite object are separated,
and the absolute phase of the two parts is obtained. The absolute phase in the horizontal and vertical directions of each
color channel was obtained by color orthogonal stripes, and the relationship between phase difference and pixel
deviation between color channels was established to complete the pixel matching of different color channels. Finally, the
pixel matching points are converted into the matrix obtained by two-dimensional interpolation to realize the pixel
deviation correction of each pixel point and eliminate the influence of color difference. The experimental results show
that the proposed method reduces the root mean square error of the composite step from 0.479 mm to 0.030 mm, and
improves the measurement efficiency and accuracy.

Liu S, Zhang Z H, Gao N, et al. Elimination method of crosstalk and chromatic aberration between color channels for
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