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Table 1 Main parameters of optical system
Parameter Value
Spectral range/pm 0. 4~17
IFOV/() 0. 026
Field of view/ (%) 72
f/mm 20
F/# 4
MTEF( ) =0. 4
Uniformity of illumination/ % =80
Distortion <15% 2 Offner
Structure type image square telecentric Fig 2 Schematic of Offner system
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Fig 1 Inverted telephoto system optical principle ’
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3 CDGM P-v
Fig 3 P-V diagrams of CDGM glasses in visible band
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Fig 4 Typical refractive index curve of optical material
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Fig S P-V diagrams of CDGM glasses in SWIR band
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2 CDGM 0. 4~1 7 pm
Table 2 Dispersion performance of some CDGM

glasses in 0. 4~1. 7 pm wide-band

. Index of Chromatic dispersive power/ %
Material .
refraction n 7 7 7
D-FK95 1. 437 2. 33 0. 71 1. 01 1. 95
H-ZPK7 1. 569 311 0. 88 1. 08 240
H-LAF10LA 1. 788 472 1 32 1. 70 3. 63
D-ZLLAF50 1 802 4 95 1 34 161 3. 68
H-ZLLAF2A 1. 803 4. 80 1. 32 1. 67 3. 64
H-ZLAF50E 1. 804 4. 82 1. 32 1. 65 3. 64
H-ZLLAF55D 1. 835 5 29 1 41 1. 65 3. 86
H-K9L 1L 517 3. 43 1. 08 1L 71 3. 00
H-K9LA 1 517 3. 42 1. 09 1. 75 3. 03
H-BAK?7 1. 569 398 1L 15 1. 59 3. 18
H-ZF88 1. 946 13 93 2. 82 2. 58 7. 89
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3 PSIM
Table 3 The maximum incident angle of
each field of view of PSIM
Field 1 2 3 4 5 6 7
Angle/(®) 4. 917 4 957 4. 983 4 996 4 990 4. 944 4 863
Rl N RZ R(‘. ’ ’ ’
12 MTF
Fig 12 MTF curve of front optical system Hy. s AL .
N(p+mm '), ,
(€)) (€D) bl .
© mN AX ®
R, = R, = 2R, 9)
NA 0. 13,

13
Fig 13 Spot diagram of front optical system

14 (a) (b)

Fig 14 Chromatic aberration curve (a) and focal shift (b) of

front optical system

PSIM
4. 996°,

Offner

Table 4 Parameters of dispersive light system

Fig 15 Design result of Offner spectrometer

Technical Value
Work wavelength/nm 400~1 700
Spectral resolution/nm L5
FOV/mm 30
Nunerical aperture 0. 13
R;/mm 100
R;/mm 100
Ri/mm 50
ZEMAX
s . ,
1
15 o 16
MTF s Offner
, 5%
15 Offner
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17
Fig 17 Design result of optical system
16 Offner MTF
Fig 16 MTF curve of Offner spectrometer MTF
18 1 000 nm
a3 . RMS 19
17 . Nyquist (55
. 362 mm, Ly MTF 0.6, .

18
(a): 400 nm; (b): 700 nm; (c¢): 1 000 nm; (d): 1 700 nm
Fig 18 Spot diagram of each wavelength of optical system
(a): 400 nm; (b): 700 nm; (c): 1 000 nm; (d): 1 700 nm



256 44

19
(a): 400 nm; (b): 700 nm; (¢): 1 000 nm; (d): 1 700 nm
Fig 19 MTF curve of each wavelength of optical system
(a): 400 nm; (b): 700 nm; (¢): 1 000 nm; (d): 1 700 nm

+5° ,
4 o Offner R

o PSIM

20 mm, 0.8 ’ ’
’ s PSIM

MTF , PSIM .

References

[ 1] Peyghambari S, Zhang Y. Journal of Applied Remote Sensing, 2021, 15(3): 031501.

[ 2] YAN Lei, LIAO Xiao-han, ZHOU Cheng-hu, et al( s s , ). Journal of Geo-Information Science(
), 2019, 21(4) . 476.

[ 3] Zhao Y, Peng Q, Yi C, et al. Journal of Sensors, 2016, 2016 5985673.

[4] TyolJ S, Goldstein D L, Chenault D B, et al. Applied Optics, 2006, 45(22); 5453.

[5] Jones S H, Iannarilli F J, Kebabian P L. Opt. Express, 2004, 12(26);: 6559.

[ 6] Kudenov M W, Lowenstern M E, Craven ] M, et al. Optical Engineering, 2017, 56(10): 103107.

[ 7] CHEN Jianfa, PAN Zhi-feng, WANG He-long( . . ). Infrared and Laser Engineering( ), 2020, 49
(6): 20190443.
[ 8] SONG Maoxin, SUN Liang, HONG Jin, et al( s s , ). Laser & Optoelectronics Progress(
), 2015, 52(11). 112206.
[ 9] ZHU Jia-cheng, SHEN Wei-min( . ). Journal of Infrared and Millimeter Waves( ), 2019, 38(4): 04542,
[10] ZHU Yuji, YIN Da-yi, CHEN Yong-he, et al( s , , ). Acta Optica Sinica( ), 2018, 38(2): 0222001.
[11] LIAO Yan-biao( ). Polarized optics( ). Beijing: Science Press( : ), 2003.
[12] Ren D Q. Allington-Smith J R. Optical Engineering, 1999, 38(3); 537.
[13] WU Cong-jun, YAN Chang-xiang, LIU Wei, et al( . . , ). Spectroscopy and Spectral Analysis(
), 2013, 33(8): 2272.
[14] SHEN Yu-hang. NI Zheng-ji, HUANG Yuan-shen, et al( , s , ). Laser & Optoelectronics Progress(

), 2021, 58(9): 0900002.



1 : PSIM 257

Optical Design of Airborne Large Field of View Wide Band Polarization
Spectral Imaging System Based on PSIM
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Abstract According to the technical requirements of the large field of view and wide spectral band in polarization spectral
imaging detection, a wide spectral band and large field of view polarization imaging spectrometer based on Polarimetric-spectral
intensity modulation (PSIM) was designed. For the front telescope group, according to the achromatic analysis of existing
domestic glass materials, the achromatic glass from visible to short-wave infrared is selected. By controlling the light angle of the
PSIM module in the mirror group, the incident angle demand on the PSIM module in the large field of view is realized. Based on
the results of the analysis, optical design software is used to optimize the design. The design results show that the front
telescopic system can achieve high-quality imaging with a wavelength range of 400~1 700 nm, a field angle of 72°, a focal length
of 20 mm, and an F-number of 4. The transfer function of the detector at the cut-off frequency in the full spectrum is better than
0. 4, and the maximum incidence angle on the PSIM module is + 4. 99°, effectively ensuring the consistency of polarization
modulation in each field of view. The post-spectral spectroscopic system uses a convex grating based on the Offner structure.
The optimization results show that the point array of each band is less than one pixel and the MTF of the central wavelength at
the Nyquist frequency of the detector reaches 0. 6, and all indicators meet the design requirements. This paper has important
practical significance for the engineering of polarization spectral imaging instruments based on PSIM wide spectrum and also has

certain guiding significance for the achromatic design of wide-spectrum optical systems.
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