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Optimal research of aspherical zoom curved compound eye
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(1. School of Equipment Engineering, Shenyang Ligong University, Shenyang 110159, China;
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Abstract: A novel aspherical zoom curved compound eye structure was proposed. The curved substrate
was segmented into three same sector areas, and the microlens array of every area could image the target
object which had a certain distance to the compound eye. So the focal length can be controlled within
certain scope. The focal length and the size of microlens were calculated by the area and the position,
and the spherical surface of microlens were all optimized into aspheric surface. Finally, from the ray
tracing simulated result of the new curved compound eye, the spherical aberration of microlens is
decreased to about one percent compared with the initial model, the compound eye can realize focal
length regulation and the problem of spherical aberration at the edge can solve effectively. So the
performance of imaging is greatly improved.
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(a) Picture of ray tracing
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(b) Energy picture of image rays on detector surface
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Fig.1 Ray tracing for the single-layer non-homogeneous curved

compound eye
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Fig.2 Whole structure of compound eye
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Tab.1 Whole structure parameters of artificial
compound eye

. Refractive Sph_e rie Angle between two Angle between
Material . radius/ . . center to edge/
index adjacent microlens/(°)
mm )
Si 1.46 12 6 24
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Fig.3 Structure of microlens on radius direction
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Tab.2 Initial value of microlens on red area

Group No. of mircolens 0 1 2 3 4
f/mm 2,227 2.173 2.009 1.724 1.302
r,/mm 0.946 0.894 0.829 0.709 0.528
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(a) Ray tracing of spherical microlens
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(b) Ray Fan of spherical microlens
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(c) Spot Diagram of spherical
microlens
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Fig.4 Ray tracing results for spherical microlens
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(a) Ray tracing of aspherical microlens
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Fig.5 Ray tracing results for aspherical microlens
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Tab.3 Value of spherical aberration before and
after optimization

Group No. of mircolens 0 1 2 3 4
2.911 3.174 2.955 2.662 2.205
0.023 0.020 0.019 0.067 0.037

Before optimization/pm
After optimization/pm
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Tab.4 Basic size of microlens on red area after

optimization
Group No. of mircolens 0 1 2 3 4
Focal length/mm 2.227 2.173 2.009 1.724 1.302
Curvature radius of - )0 0 9102 0.895 0.694 0.5149
surface vertex/mm
Aperture/mm 0.638 0.624 0.579 0.501 0.382
Height/mm 0.0561 0.0520 0.0489 0.0432 0.0345
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(b) Energy picture of image rays on detector surface
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Fig.6 Ray tracing for the zoom curved compound eye model
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