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Fig.l Imaging model of projector lens
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Fig.2 Chromatic aberration diagram. (a) Ideal chromatic aberration-free;
(b) Longitudinal chromatic aberration; (c) Lateral chromatic

aberration
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Fig.3 Schematic diagram of system structure
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The LCD displays horizontal
and vertical fringes of the
red, green and blue
channels in turn

The projector projects the
horizontal and vertical fringes
of the red, green and blue color
channels in turn

Capture the image displayed Capture the image projected
on the LCD screen by the projector

'

Calculate the unfolding phase of two groups of fringes
respectively, and remove the protrusions to carry
out two-dimensional surface fitting

Calculate the LCD display ideal pixel image corresponding

Using green as the base, calculate the ideal
projected phases of red and blue

)

The mathematical models of phase difference in horizontal
and vertical directions are established respectively
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Fig.4 Flowchart of projector chromatic aberration modeling
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Tab.1 Comparison of fitting results

Ppro h g R-square RMSE Complexity
Poly11: 0.9998 1.3860 Simple
Poly22: 1 0.5930 Moderate
Poly33: 1 0.4819 Complex
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Fig.5 Schematic diagram of chromatic aberration correction of projector
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Fig.6 System diagram of projector chromatic aberration modeling and

correction experiment
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Fig.7 Chromatic aberration vector diagram of projector blue and green

channels
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Fig.8 Chromatic aberration vector diagram of projector red and green
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Fig.9 Pre-compensated fringes. (a) Horizontal blue channel pre-

compensated fringe; (b) Horizontal red channel pre-compensation

fringe; (c) Vertical blue channel pre-compensation fringe;

(d) Vertical red channel pre-compensation fringe
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Fig.10 Chromatic aberration vector comparison between primary

projection and reprojection. (a) Blue and green channels; (b) Red

and green channels
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Fig.11 Chromatic aberration vector diagram of projector blue and green

channels
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Fig.12 Chromatic aberration vector diagram of projector red and green

channels
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Fig.13 3D topography of steps before and after chromatic aberration
correction of projector. (a) 3D morphology of the step before

correction; (b) 3D morphology of the step after correction
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Fig.14 3D topography of step before and after chromatic aberration
correction of PRO4500 projector. (a) 3D morphology of the step

before correction; (b) 3D morphology of the step after correction
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Tab.2 Measurement value of step spacing before and after correcting projector chromatic aberration (Unit: mm)

Projector model Step spacing Standard value Before correction After correction Pre-correction error Corrected error

Step surface 2-3 13.258 13.732 13.308 0474 0.050
CP270
Step surface 3-4 18.422 17.918 18.447 ~0.504 0025
Step surface 2-3 13.258 13317 13.220 0.059 ~0.038
PRO4500
Step surface 3-4 18.422 18.465 18.411 0.043 ~0.011
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Projection chromatic aberration modeling and correction of phase

measurement profilometry based on phase target

Zhang Yuzhuo, Jia Lulu, Gao Nan", Meng Zhaozong, Zhang Zonghua
(School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract:

Objective Due to the advantages of high precision, easy recognition and high degree of automation, the three-
channel phase measurement profilometry in optical three-dimensional measurement has gained increasing
attention in both scientific research and engineering applications. For three-channel phase measurement
profilometry, the chromatic aberration between projector channels is the key factor affecting the measurement
accuracy. Most of the existing chromatic aberration correction methods of projectors regard projectors as "reverse
cameras". Therefore, the accuracy of correction results will be dependent on the imaging quality of the camera.
Moreover, the existing chromatic aberration measurement and correction methods still have shortcomings, so it is
significant to improve the measurement accuracy of the system. Therefore, this study carries out the research on
the projection chromatic aberration modeling and correction of phase target-based phase measurement

profilometry.

Methods In this paper, the projection chromatic aberration modeling and correction method using the LCD
screen with holographic projection film as the phase target is proposed (Fig.3). Firstly, the unfolded phase of LCD
display fringes and projector projection fringes are calculated respectively. Next, binary fitting on display phase
and projection phase are carried out. The green channel is regarded as an ideal channel, and the ideal pixel values
of red and blue channels is calculated. Then the ideal pixel is substituted into the projection equation, and the ideal
phases of the red and blue channels are obtained. Thus, the mathematical model of the chromatic aberration of the
projector is established. Finally, the pre-compensation of projection fringes is implemented with the established
chromatic aberration model(Fig.5). Then, the pre-compensated fringes are projected in three channels, so that the

chromatic aberration of the projector is corrected.

Results and Discussions  The experimental results demonstrated the performance of the proposed method. The
average chromatic aberration of the blue and green channels is corrected from 0.325 5 pixel to 0.106 3 pixel. The
average chromatic aberration of the red and green channels is corrected from 0.365 1 pixel to 0.111 4 pixel
(Fig.10). This method can effectively improve the projection quality for three-channel phase measurement
profilometry. The average error of the measured step is reduced from 0.489 mm to 0.038 mm (Tab.2). The
experimental results verified the effectiveness of the chromatic aberration modeling and correction method of
projector. This method can improve the overall measurement accuracy of three-channel phase measurement
profilometry. Compared with the existing methods, the proposed method can be calibrated to avoid the impact of
camera errors and effectively shorten the calculation time. Moreover, this method can be applied to the

measurement and correction of different projector chromatic aberration.

Conclusions A phase-measurement contouring chromatic aberration modeling method using an LCD display as
a phase target is designed and calibrated for study. This method eliminated the coupling error of the camera while

measuring and calibrating the projector chromatic aberration, and enabled measurement of the projector chromatic
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aberration at global pixel points, while using mathematical modeling to model the projector chromatic aberration
in a chromatic way to shorten the calculation time. By measuring the 3D shape of the actual object for accuracy
comparison experiments and comparing the accuracy error before and after correcting the chromatic aberration of
CP270 projector and PRO4500 projector, it can be concluded that the projection chromatic aberration modeling
and correction study based on phase target proposed in this paper can better improve the projection quality in
phase contour measurement and enhance the measurement accuracy of commercial projectors with poor accuracy.
For the projectors with low accuracy, the method of correcting chromatic aberration in this paper can greatly
improve the measurement accuracy of projectors. For the projectors with high accuracy, the proposed projector

chromatic aberration modeling and correction method can further improve the measurement accuracy.

Key words: phase profilometry; phase target; projector chromatic aberration modeling; chromatic

aberration correction
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