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Fig. 1. Composition diagram of aperture-divided off-axis

simultaneous polarization super-resolution imaging system.
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Fig. 2. W-W model of coaxial two-mirror system.
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Fig. 3. Initial structure design flow chart of relay reflection optical system.
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Fig. 4. Ideal light spot at the image plane.
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Table 1.

neous polarization super-resolution imaging optical system.

Specification of aperture-divided off-axis simulta-

Parameter Specification
Effective focal length 100 mm
Entrance pupil diameter 40 mm
Field of view 2.70° x 2.00°
F number 2.5
Wavelength 3—14 pm
MTF > 0.4@20 lp/mm

Pixel number and size of detector 384 x 288; 25 pm

Pixel number and size of DMD 1536 x 1152; 10.8 pm
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Fig. 5. Layout of aperture-divided off-axis simultaneous po-

larization super-resolution imaging optical system.
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Table 2.  Profile data points of M; and M,.
N 2 Y % Yo
1 -0.008126 2.5 0.046 3.549
2 -0.018 3.75 0.104 5.324
3 -0.026 4.499 0.15 6.389
4 -0.073 7.497 0.415 10.647
5 -0.129 9.994 0.739 14.195

Kl 6 DMD BAk T SORAS I HELE 7R &
Fig. 6. Direction of the light when the DMD micro-mirror is off.
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Table 3. Lens parameters.
Surface Surface type ~ Radius/mm Thickness/mm
Objective Free-form surface —301.483 —150
M, Free-form surface  —439.79 150
M, Free-form surface 180 ~144.122
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Fig. 7. MTF of Long-range objective: (a) Sub-aperture 1; (b) sub-aperture 2; (c) sub-aperture 3; (d) sub-aperture 4.
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Fig. 9. MTF of aperture-divided off-axis simultaneous polarization super-resolution imaging optical system: (a) Sub-aperture 1;
(b) sub-aperture 2; (c) sub-aperture 3; (d) sub-aperture 4.
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Fig. 10. Footprint diagram of aperture-divided off-axis simultaneous polarization super-resolution imaging optical system: (a) At the

DMD plane; (b) at the image plane.
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Fig. 11. Spot diagram of aperture-divided off-axis simultaneous polarization super-resolution imaging optical system: (a) Sub-aper-
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Fig. 12. Ray aberration of aperture-divided off-axis simultaneous polarization super-resolution imaging optical system: (a) Sub-aper-

ture 1; (b) sub-aperture 2; (c) sub-aperture 3; (d) sub-aperture 4.
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Fig. 13. Grid Distortion: (a) Sub-aperture 1; (b) sub-aperture 2; (c) sub-aperture 3; (d) sub-aperture 4.
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Abstract

According to the requirements for broadband simultaneous polarization high-resolution imaging, a divided-
aperture simultaneous polarization super-resolution imaging system based on reflective free-form surface optical
system and digital micro-mirror device is proposed. It has the advantages of wide working wavelength band,
simultaneous imaging of multiple polarization states, single detector, high resolution and lightweight. The
aberration correction principle and design optimization method of the optical structure for this imaging system
are given. The Wassermann-Wolf theory is further developed, and the reflective Wassermann-Wolf differential
equations that eliminate a variety of aberrations are derived. At the same time, combined with Seidel aberration
theory and using iterative method, the distortion elimination boundary condition is added when solving the
Wassermann-Wolf equation. Through the iterative method, the optical initial structure is obtained, which can
correct spherical aberration, coma, astigmatism and distortion at the same time. The initial structure is
subjected to off-axis treatment and further optimized, and the user-defined optimization evaluation function is
written to strictly control the position of the light falling point of each sub aperture and each field of view on
the middle image plane and the final image plane, so as to effectively suppress the distortion in the final system
and avoid the mismatch error between the mirror element and the pixel in the process of super-resolution
reconstruction. The reconstruction quality can be improved. Finally, the design of the four-sub-aperture free-
form surface off-axis reflective super-resolution imaging optical system is completed, which possesses a large
relative aperture (F# = 2.5) and compact structure. The imaging quality of each polarization channel is close
to the diffraction limit. The above aberration correction principle and the image quality optimization method
can effectively guide the design of the wide band simultaneous polarization super-resolution imaging optical

system.
Keywords: aberration correction, off-axis optical system, polarization imaging, super-resolution imaging
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