Opto-Electronic Engineering Art|C|e

% @& x 4

2022, 55495, 5 98

DOI: 10.12086/0ee.2022.210421

SAR SRR G e F A TR
YW R G TT
wEEY? wERY O, BER, FERF

" E RS B R E R B S BTSSR K& 130033;
PR E R RS, JEET 100049

HWE. AT #— PR S5 mILETF L (synthetic aperture radar, SAR) @752 & ik 4038 09 LT RAZ A28 ), AT
Af R eE M3t SAR B ARG F AL BT T A AL Z oM. G4, KT TERNFRELROARLRZ
21 mm. ARG A 7°. FIE T2 mm F Z et TdeiE 4, P AF AF R ARIB AR, KB, AR EamAs ik
HACT Af MM 6 Tt B0, FEad BARGE M BAT T AR o AT, ST R AN M AFEZARBFEA
FATAAR MR, 15 2ot T HF 4569 MTF £ 55 Ip/mm 445 F 0.57, 4f AMALET R 1g A LA TELEHH RMS 1A
NFA/50, HARLEMEIAKT 100 Hz, 4f K322 ZHIKR 25 405 mmx145 mmx92 mm, A &4 % 2.94 kg, 3
KA. B AR F SAR HE L R P o) 4H-F B A F L) 30%. 48%. BiTHAE BT E, R R%IK
it R B A B AR A F K.

KA SRIBTE; T ARG, BAkK Rk

RE 525 TN911; TH745 XHFREE: A

RHER, SRERE, T2F, 4F. SAR SISO R IR [J]. L TR, 2022, 49(9): 210421
Zhao H Q, Zhang X X, Wang D, et al. Optical-mechanical system design of SAR real-time imaging optical processor[J].
Opto-Electron Eng, 2022, 49(9): 210421

Optical-mechanical system design of SAR
real-time imaging optical processor

Zhao Hongqgiang"’, Zhang Xingxiang'*, Wang Duo’, Bi Guoling’, Fu Tianjiao

! Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun, Jilin 130033, China;
? University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: In order to further improve the real-time imaging processing ability of synthetic aperture radar (SAR) in
the face of massive echo data, the optical and mechanical system of SAR real-time imaging optical processor is
designed and analyzed based on 4f optical structure. Firstly, a Fourier transform lens with an entrance pupil
diameter of 21 mm, a field angle of 7°, and a focal length of 172 mm is designed for the filtering algorithm, and a
compact design is adopted for the 4f optical system. Then, the flexible mirror base in 4f optical mechanical structure
is optimized by using the integrated optimization method, and the overall structure is modularized designed and
analyzed. The results show that the imaging quality of 4f optical system tends to the diffraction limit, and the MTF of
Fourier transform lens is better than 0.57 at 55 Ip/mm. The RMS value of lens surface shape of 4f optical
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mechanical system under normal temperature 1g gravity condition is less than A/50. The fundamental frequency of
the overall structure is greater than 100 Hz. The overall size of 4f optical processor is 405 mmx145 mmx92 mm,
the mass is about 2.94 kg, and its volume and mass are only 30% and 48% of those of oblique plane optical
processors with the same SAR data processing level. Through data simulation, it shows that the system design
meets the needs of real-time imaging on satellite or airborne.

Keywords: synthetic aperture radar; real-time imaging processing; compact design; modular design
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Fig. 1 Schematic diagram of 4f system
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Fig. 2 Schematic diagram of SAR optical processor
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Table 1 SLM specifications
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(£ PN 9.2 um

RS AITP AN 17.6 mmx10.7 mm

TAEBKIER 400 nm~1650 nm

W HEF 95.7%
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Table 2 Optical parameters of Fourier transform lens

# bYW LT 242 /mm JEEE /mm o= K042 /mm
1 -171.909 15.748 16.932

51 SILICA
2 -74.994 14.257 17.984
3 -28.628 5.682 17.919

B2 N-KZFS11
4 -31.483 35.986 19.444
5 31.483 5.682 19.623

brii ) N-KZFS11
6 28.628 14.257 18.098
7 o 74.994 15.748 18.245

54 SILICA
8 171.909 126.3 17.258
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Fig. 3 Structure diagram and image quality evaluation diagram of Fourier transform lens.
(a) Structure chart; (b) Spot diagram; (c) MTF figure; (d) Wavefront figure
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Fig. 4 Optical system structure diagram and image quality evaluation diagram. (a) Structure chart; (b) MTF chart
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Table 3 Properties of common opto-mechanical structural materials

MR R I p/(glom’) BPEAHEE/(GPa) L RIEE (E1 p)/(GN-(m/g)) LMKk R Ha/(107°/K) SHEEA/(WI(m-K))
TC4 4.4 114 25.9 9.10 7.40
7A09 2.8 71 25.4 23.6 142.00
A 8.9 141 15.8 2.60 13.70
CFRP 1.8 Y95 52.8 0~1 70.00
FA4SICIAl 3.0 180 60.0 8.0 225.00
B RUEE R pran eE B TPk el Jial’

B5 GZetEmsrassmE. (a) 7T 2f 4248; (b) & 2f 454
Fig. 5 Structure of Fourier transform. (a) 2f lens group in the front; (b) 2f lens group in the back
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Fig. 6 Structural diagram of flexible lens base
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2f fem1_sim1: solution 11
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Fig. 7 Cloud diagram of front 2f lens group deformation. (a) X direction; (b) Y direction; (c) Z direction
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Fig. 8 System structure of 4f optical processor

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

i 2f 5540

http://www.cnki.net



ERERE, 2% Ser TR, 2022, 49(9): 210421

https://doi.org/10.12086/0ee.2022.210421

4f_fem1_sim1: solution 4
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Fig. 9 First two modal cloud images of the whole structure. (a) First modal cloud image; (b) Second modal cloud image
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Fig. 10 4f system device diagram and simulation result diagram.
(a) Device diagram; (b) Simulation result diagram
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Optical-mechanical system design of SAR
real-time imaging optical processor

Zhao Hongqgiang'’, Zhang Xingxiang'*, Wang Duo’, Bi Guoling’, Fu Tianjiao"

System structure of 4f optical processor

Overview: This paper is devoted to the research of synthetic aperture radar (SAR) real-time imaging processor. As the
number of SAR imaging channels increases, the number of SAR imaging channels also presents new challenges. The
optical processor not only has strong parallel processing ability, but also has the advantages of low power consumption,
small volume, fast processing speed and programmability. Therefore, this paper designs and analyzes the SAR real-time
imaging optical processor from the perspective of optical mechanical system design. Firstly, the system scheme principle
of optical processor based on 4f optical structure is proposed, and the filtering algorithm is described in detail according
to the principle. Secondly, according to the algorithm requirements, the relevant Fourier transform lens design is
completed, and the compactness of 4f optical system is further strengthened. Then, the flexible design of the lens base is
carried out, and the optimal parameter model is found by using the integrated optimization method. At the same time, it
meets the modular design idea, completes the corresponding optical mechanical structure design, and obtains the optical
mechanical system model of the overall scheme. The specific design results obtained based on the above research
methods are as follows: in the optical design process, a Fourier transform lens with an entry pupil diameter of 21 mm, a
field angle of 7°, and a focal length of 172 mm is obtained, and its MTF is better than 0.57 at 55 lp/mm. And the 4f
optical system whose imaging quality tends to the diffraction limit meets the Rayleigh criterion. In the process of optical
mechanical structure design, the overall size of 4f optical mechanical system is 405 mmx145 mmx 92 mm, with a mass
of about 2.94 kg, and its volume and mass are only 30% and 48% of that of the inclined plane optical processor with the
same SAR data processing level; At the same time, the RMS value of lens surface under normal temperature 1g gravity
condition is less than 1/50(A= 532 nm), the fundamental frequency of the overall structure is greater than 100 Hz, which
can fully meet the expected design goal of the processor optical mechanical system. Finally, the simulation processing of
SAR data is carried out on the optical platform. According to the simulation results, it shows that the system can be
suitable for airborne or spaceborne real-time processing scenes. To sum up, the 4f optical processor designed in this
paper can provide a certain reference value for improving the real-time imaging processing ability of SAR.
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