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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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s Dy 7R AR T B UE i SLM Y X f 2 K
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Niax = 1/20s1m, (11)
RS H0m=9.2 um J5 , # AL N, =54.3
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Table 1 SLM specifications

HiAsSHL BE
VR | A 7 ARV YA AR i
1R 75 19201152
[t PN 9.2 um
BRUGHE RN 17.6 mmx10.7 mm
TAEB KA 400 nm~1650 nm
T 95.7%
e 76.8/93.7/169/211.1 Hz
k2 WHBEeTmEEEAK
Table 2 Optical parameters of Fourier transform lens
# oot 2E42/mm JEREImm pup e B H42/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
53 N-KZFS11
6 28.628 14.257 18.098
7 74.994 15.748 18.245
iy SILICA
8 171.909 126.3 17.258
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®
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Surface: IMA IMA: 7.354 mm IMA: 10.505 mm
Spot diagram
Airy radius: 5.319 pm

2022/3/23 Units are pm.

Field : 1 2 3 4
RMS radius: 2266 3.111 4.689 5.409
GEO radius: 3.142 6.153  10.460 12.819
Scale bar :40 Reference : chief ray

Wavefront function

2022/3/23

0.5320 pm at 3.5000 (deg)

Peak to valley = 0.4563 waves, RMS = 0.1027 waves.
Surface: image

Exit pupil diameter: 1.7661x102 millimeters

A3 2ot T mBERRATNE. () £ME; (b) 231AE; (c) MTF B; (d) KATH
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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2) AR . NEE . SRR RS
I B T A 45 SAR B b LK f RLF DG A%
SbFRER, HR R gt B/ MU S A R Tl 2 R a2
MRS Y . BARIEbR 0SS . BRARES I RSN T
630 mm x 207 mm x 140 mm, Jfim/NTF 6.1 kg,

4.1 #HHEAGIEET

HHTE F R CHLZ M B 805 4 (TC4) . e
4 (TA09). BT 4 (CFRP) %, H AP RHPERES o
F3IPR. N THREITSE, S8R
BK7. A JeBi B S BOAHIE N, AR AR L
T LERIEE | BESE TR RAF . BB/ NERE, SRAHIE
PEHUER & SR N R

4.2 {BAEEMEIT

(A LS B 2 AR AT 26 BRZH RS 20 BR4H, n
K5 e i TIPS At AR — 2, HAT
2f BRAUAR R UEASH I 2%, SORIBCHL AT/ Hr L]
BRA R HE 0 4 T EL B AT, AR [
TETERS A Mg, I BBt et teicit, A
SCRUEBEAL AR PR BE 5 ) IBE AT 15 R i e P s
SR, D CRUESEZH Al R R

A3 F R MM A AL B A

Table 3 Properties of common opto-mechanical structural materials

MELZFR P pf(glem’) HMER R E/(GPa) LRI (E/ p)/(GN-(m/g)) LEik R A/ (107°/K) SFIEFAI(W/(M-K))
TC4 4.4 114 25.9 9.10 7.40
7A09 238 71 25.4 23.6 142.00
A 8.9 141 15.8 2.60 13.70
CFRP 1.8 #7195 52.8 0~1 70.00
FfA4rSICIAI 3.0 180 60.0 8.0 225.00
B AU SR e e B T Bt R

H5 MGZerEmsrmsmE. (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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THARTT,  HEfh I /N s BB S 83 £ L 235 ¥ ] B 1
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s 6 i, S8 a RonPEERIGRE, Z50b
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LEMIREIR, S8 MR PRy LS . B IRSEPR
N BE A5 DR 3R L sk X it 2 ™, S8
c=0.5mm, d=0.8 mm, REBREEBIGNE o, SCHEMTE
JE b MR EE A S R FLE AR A AR, f R X
Y. Z = 1g | T8 F BB RMS (AR 8 H
PReRB, R — RS S AR R R, R BT T
R BRI SRR -

Min Mass=g(a,b,r);
S.t. Xrus < 4/50,
Yrms < 4/50,
Zrms < 4/50,
60 <a<120,
1<b<14,
0.25<r<1.05. (12)

AL G R R IESEC N . a=102.2° ,
7=0.8 mm. F|H] NX Nastran 7 2f §5 20 #4705 B4

b=8 mm,

Br, HAEEW X, Y. Z =1 1g ) T.00 T W& 5
AR = el 7 frs . B AT LR B R 7R
WX, Y. Z= 1g 5 T T SR #5250 5
J993 nm, 88 nm. 9.0 nm, 5&4 ¥ & i RMS<
A/50HEREER
4.3 SbIBIEEEKLEIIZIT

AF D27 A PR B AR 5 Al BAR AL IS T 20 B2 . S5
AU SRR . IR R . B S
ARG T4, W&l 8 fivn . FAl -t SR T S 4
B S IRER:, IR BB S, TR,
I HBEAREEM AT . MR . IR S5 F %
KT, B, TR a1,

TEFIH UG el =i G, 2l 45 3t
Je B 4F Ab BRES#AA R SF A7 405 mm x 145 mm x 92 mm ,
a2k 2.94 kg, AHLL T [A]SE SAR HE 4b #RAKF- 1Y
REFEDCF AL S, R B A AURH 30% .
48%, SEAH B R E ML AR

FIF NX Nastran X} 4f Y2f A BRES AR SE R JE 47
ST, HETREES = @k o iR, Hoh R85
AR, SR 403 Hz, 479 Hz, M
WA LA, HE 20 AR Z miRA, @i s
ST, RGN — BB ATR KT R R SR AE AR Y
PBhHi# 0 Hz~100 Hz, ¥ R 4845

H6 FrsrpuihrER

Fig. 6 Structural diagram of flexible lens base
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2f_fem1_sim1: solution 9

2f_fem1_sim1: solution 10
Subcase-static loads 1, 1

Subcase-static loads 1, 1

X - Y
:0,:9.26254%107%, =mm 1 =7.64298x107°, : 8.78717%107%, =mm

I 9.26254x107®
l 8.49066x107°
7.71878x10°®
6.9469x10°°
6.17503x107°
5.40315x10°®
4.63127x107°
3.85939x107°
3.08751x10®
2.31563%x107°
1.54376%x107°
7.71878x107
0

I 8.78717x10°
l 8.05427x10°
7.32137%x10°°
6.58847x10°
5.85557x10°
5.12267%10°
4.38977%x107°
3.65686%10°
2.92396%10°
2.19106%10°
1.45816x107°
7.25259%1077
7.64298%107°

EN |

/mm m

2f_fem1_sim1: solution 11
Subcase-static loads 1, 1

-z
1 =6.14244x107", : 9.04067%107, =mm

9.04067x10°®
8.28728%x10°
7.53388x107°
6.78049%10°
6.02710%x10°
5.27370x107¢
4.52031%x10°
3.76691x10°®
3.01352x107¢
2.26012x10°
1.50673%x107°
7.53333x1077
6.14244x10™"

/mm_

B7 #WABAEHER. (@)X@; b)Y&E: (¢)Zh

Fig. 7 Cloud diagram of front 2f lens group deformation. (a) X direction; (b) Y direction; (c) Z direction

B S AR B of el Ay b UEB R
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Fig. 8 System structure of 4f optical processor
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4f_fem1_sim1: solution 4
Subcase-eigenvalue method 1, 1, 402.847 Hz

:'0.000, : 2.930, = mm
i 2.930
& 2686
2.442
2.198
1.953
= 1709

= 1.465
- 1.221

0.977 9=

4f_fem1_sim1: solution 4
Subcase-eigenvalue method 1, 2, 479.305 Hz

-'0.000, : 3.343, = mm
I 3.343
= 3.064
2.786
2,507
2.229
- 1.950
- 1.671

! 1.393

B9 HARGEMMAMESZAE. (a) —MREZHE; (b) —MEE=H

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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TARLVC RS T TRLAR B . R B RIS
BISS R ENIE 10 s o

B 10 4f 2% EIRAENERA.

(@) KEA; (b) ML RE
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 Ip/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.

Zhao H Q, Zhang X X, Wang D, et al. Optical-mechanical system design of SAR real-time imaging optical processor[J].
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