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Development of Aberration Retrieval Method Using Low-Resolution Spot Images

Kazuyoshi OKADA, Kenji AMAYA and Yuki ONISHI

Department of Mechanical and Environmental Informatics, Graduate School of Information Science and
Engineering, Tokyo Institute of Technology, 2-12-1 O-okayama, Meguro-ku, Tokyo 152-8550

In this study, aberration retrieval method using low-resolution spot images has been developed. The
amplitude of the generalized pupil function and the wavefront aberration which is the phase of the
generalized pupil function are expanded with the lower Zernike polynomials, respectively. The present
aberration retrieval problem is reduced to the nonlinear least square problem minimizing the difference
between the observed images on the imaging device and the corresponding model images which can
be calculated by assuming these Zernike coefficients. In the mathematical model for calculating the
captured spot images, the mathematical model considering the characteristics of the imaging device are
applied to the current model. The overlapped frequency information of the spot images is separated by
using the multiple spot images modulated differently. The effectiveness of this method was verified by

the numerical simulation and the practical experiments.
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Fig. 1 The set up of the optical system for the camera module
aberration measurement and the definition of the coordinate
system. a, a’: Numerical aperture.
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Table 1 Relation between the Fringe Zernike index and the aberra-

tions.

Index 7 Aberration
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Piston
X-Tilt
Y-Tilt
Defocus
3rd Astigmatism 0 degree
3rd Astigmatism 45 degree
3rd Coma 0 degree
3rd Coma 90 degree
3rd Spherical
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Fig. 2 'The histogram of the dark image captured
by the actual imaging device.
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Fig. 3 The spot images at d = 22.5 [um]. (a) The phantom
spot image, (b) the fitted spot image.
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Fig. 4 The prescribed Zernike coefficients. (a) The ampli-
tude coefficients, (b) the wavefront aberration coefficients.
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Fig. 5 The maximum error of the Zernike coefficients. (a)
The amplitude coefficients, (b) the wavefront aberration
coefficients.
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aberration coefficients with respect to the cell size.
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Fig. 7 The spot images at d =20.0 [um], Ady= —2.5 [um].
(a) The observed spot image, (b) the fitted spot image.
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Fig. 10 The spot images at d =22.5 [um], 6, = 0.577 [rad].
(a) The observed spot image, (b) the fitted spot image.
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