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Fig.l Schematic diagram of annular aperture folded imaging system

principle. (a) Traditional refractive system; (b) Annular aperture

folded imaging system
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Tab.1 Design specifications for long-wave infrared

annular aperture folded imaging system

Parameter Value
Wavelength/um 8-12
F-number 1
Effective focal length/mm 70
Field of view (2w)/(°) 8
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Fig.3 Schematic of the annular aperture folded imaging system. (a)
Optical layout; (b) Front view of the solid model; (c) Rear view of

the solid model
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Fig.4 MTF of the annular aperture folded imaging system at different

temperatures
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Fig.9 Results of the image restoration. (a) Original images at different
temperatures; (b) Image restoration using the PSF at the design

temperature; (¢) Image restoration using the synthesized PSF
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based on light-digital combination (cover paper-invited)
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Wang Zhe', Zhang Bo'

(1. School of Opto-electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China;

2. The 27th Research Institute of China Electronic Technology Group Corporation, Zhengzhou 450047, China)

Abstract:
Objective

With the advancement and development of science and technology, the demand for miniaturized

optical systems is becoming increasingly significant. The total length of the optical system can be reduced by

folding the optical path in the annular aperture folding imaging system. However, the annular aperture folding

imaging system only uses a piece of base material, so the annular aperture folding imaging system cannot achieve

high-quality imaging in a wide temperature range. In order to reduce the impact of temperature on the imaging

quality and simplify the optical system structure, the wavefront encoding method is introduced to design a light-
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digital combined annular aperture folding imaging system.

Methods The design principle of the annular aperture folding imaging system based on light-digital is studied.
The relationship between the obscuration ratio and the phase mask parameters is studied to achieve defocus
consistency (Fig.5). In the image decoding part, the image restoration effect is analyzed. The synthetic PSF model
is studied through simulated annealing algorithm (Fig.2). High-quality imaging in a wide temperature range is

achieved through a light-digital combination method.

Results and Discussions A long-wave infrared annular aperture folding imaging system is designed (Fig.3).
The focal length is 70 mm, the system aperture is 98 mm, the full field of view is 8°, and the total length is
25 mm. The synthesized PSF is constructed by simulated annealing algorithm. When over a wide temperature
range, the high-quality image restoration is achieved through a single filter. Although the PSNR of the restored
image dropped by 3.572 3 dB at the design temperature, the PSNR of the restored image at —40 °C also increased
from 19.417 3 dB to 24.461 5 dB, which increased by 5.044 2 dB. The PSNR of the restored image at 60 °C also
increased from 19.751 9 dB to 24.460 9 dB, which increased by 4.709 0 dB. This method outperforms traditional

PSF image restoration at the design temperature. Image artifacts and blur are significantly reduced by this method.

Conclusions Athermalization of infrared annular aperture folding imaging system is achieved. The light-digital
combination method is introduced into the annular aperture folding imaging system. The annular cubic phase
mask is introduced into the annular aperture folding imaging system, and the restored image is achieved through
image restoration. The relationship between central obscuration and phase mask parameters is studied. The
conclusion that increasing central obscuration will reduce PSF consistency is studied. The synthesized PSF is
constructed by simulated annealing algorithm. When over a wide temperature range, high-quality image
restoration is achieved through a single filter. In order to verify the effectiveness of this theoretical model, an
annular aperture folding imaging system based on light-digital combination is designed. The total length is
25 mm, the focal length is 70 mm, the system aperture is 98 mm, and the full field of view is 8°. High-quality
image restoration is achieved by synthesizing PSF when the temperature is between —40 °C and 60 °C. Although
the PSNR of the restored image dropped by 3.572 3 dB at the design temperature, the PSNR of the restored image
at —40 °C also increased from 19.417 3 dB to 24.461 5 dB, which increased by 5.044 2 dB. The PSNR of the
restored image at 60 °C also increased from 19.751 9 dB to 24.460 9 dB, which increased by 4.709 0 dB.
Compared with PSF image restoration at design temperature, this method significantly reduces image artifacts.
The study not only simplifies the infrared imaging optical system, but also uses a light-digital combination
method to overcome the temperature limitations of the annular aperture folding imaging system. A new idea is

provided for the miniaturization of infrared systems across a wide temperature range.

Key words: annular aperture folding imaging system;  light-digital combination;  athermalization;

central obscuration
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