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Image Processing Technology Based on Color-separated Correction for
Optical Imaging System with Aberrations
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(State Key Laboratory of Optical Instrumentation, Department of Optical Engineering .
Zhejiang University , Hangzhou 310027, China)

Abstract; Monocentric multiscale computational imaging system was used to solve the problems of high
complexity and cost in traditional wide-field high-resolution camera. Image processing was used to correct
the plenty of aberrations caused by the simplified optical system, especially the spherical aberration and
the lateral chromatic aberration. The aberration characters were analyzed to get the imaging data. The
image was processed separately in red, green and blue channels using the system parameters and the
aberration manifestation. Firstly, a non-linear image scaling method was used to harmonize the
magnifications of different colors so that the lateral chromatic aberration is corrected. Then, the blurred
image of different channels was divided to sub-frame sections because of the space-variant point spread
function of the optical system. The sub-sections were restored by Lucy-Richardson algorithm so that the
monochromatic aberrations is corrected. At last, the images in red, green and blue channels were fused
to be the corrected image. The imaging and correction process was simulated and the image quality was
assessed by mean squared error, peak signal to noise ratio and structural similarity. The results show
that the aberration caused by the computational imaging system can been corrected effectively and the
image quality can been improved.
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Table 1 Prescription for the unit of the optical system

Radius/mm Thickness/mm Glass Semi-Diameter/mm

50. 000 100. 000 PMMA 50. 000
—50. 000 147. 000 50. 000
Infinity(STO) 0.999 2.302
13. 361 1.621 CAF2 2.363
—19. 247 20. 641 2.337
Infinity (IMA) - 0. 700
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Fig. 6 Space-variant PSF of the red channel
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Table 2 Quality assessment of corrected images in 3 channels

R channel before R channel after G channel before G channel after B channel before B channel after

correction correction correction correction correction correction
MSE 0.154 9 0.032 9 0.028 4 0.015 5 0.093 3 0.019 0
PSNR 16. 200 6 29.661 2 30.924 7 36.174 5 20. 605 0 34.414 5
SSIM 0.996 7 0.999 4 0.999 5 0.999 7 0.998 2 0.999 6
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Table 3 Quality assessment of corrected images
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