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The genetic algorithm is applied to control a hybrid system which corrects wavefront
degradation. The system measures the intensity distribution on the image plane and controls
the phase modulation on the lens plane. When the dynamic range of the intensity measure-
ment is limited, the genetic algorithm enables the system to deal with more resolvable points
than does the simulated annealing algorithm which was used in our previous system. We
experimentally demonstrated correction of wavefronts degraded by defocusing or insertion of
phase objects. The number of resolvable points of 32X 32 was achieved with the dynamic

range of 128 gray levels.
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Fig.1. Two types of wavefront correction. (a) Correction using a wavefront sensor, (b) correction
based on the intensity measurement on the image plane.
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Hybrid system which corrects degraded wavefront by use of a liquid-crystal phase modulator.
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Fig. 3. Genetic algorithm for optimization of phase
distribution.
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Fig. 4. Decrease of cost function to correct defocus-
ing, obtained by computer simulation. Matrix size is
(a) N=16, (b) N=32, and (c) N=64.
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Fig.5. Dependence of final cost function on dynamic
range of image sensor to correct defocusing, obtained
by computer simulation. The optimization algorithm
is (a) the genetic algorithm, (b) the simulated anneal-
ing algorithm.
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Fig.6. Degradation of wavefront by (a) defocusing,

(b) flat-surface phase object, and (c) rough-surface
phase object.
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Fig. 7. Experimental results of correction of defocus-
ing. (a) intensity distribution, (b) 3 D representation
of defocused point-spread function, (c) phase distribu-
tion optimized by the hybrid system, and (d) intensity
distribution, (e) 3D representation of corrected
point-spread function.
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Fig.8. Decrease of cost function to correct defocus-
ing by the experimental system.
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Fig. 9. Experimental results of correction of degra-
dation by flat-surface phase object. (a) Intensity
distribution, (b) 3 D representation of degraded point-
spread function, (¢) phase distribution optimized by
the hybrid system, and (d) intensity distribution, (e)
3 D representation of corrected point-spread function.
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Fig.10. Experimental results of correction of degra-
dation by rough-surface phase object, (a) Intensity
distribution, (b) 3 D representation of degraded point-
spread function, (c) phase distribution optimized by
the hybrid system, and (d) intensity distribution, (e)
3 D representation of corrected point-spread function.
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Table 1. Experimental results for correction of degraded
wavefront.

Standard deviation ¢ Light concentration 7

Degraded Corrected Degraded Corrected

image image image image

Defocusing 0.0152  0.00520 0.0436 0.513
(0.438)  (0.860)

Flat-surface 0.0128 0.00981 0.213 0.393
phase object (0.837)  (0.929)
Rough-surface  0.0152  0.0115 0.0912 0.286
phase object (0.843)  (0.901)
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