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Abstract The system indexes of a space-based synthetic aperture LIDAR (SAL) system used for ground imaging
are analyzed. A membrane-based diffractive optical system with a 10 m aperture is chosen to satisfy the requirement
of power aperture product. Based on the synthetic aperture radar phased array antenna model, the device parameters
and beam patterns in the diffractive optical system are analyzed. Aiming at the aperture transition problem existing
in the diffractive optical system with a large aperture, a signal compensation and focusing method with a high range
resolution is proposed based on digital signal processing. The research results show that based on this space-based

SAL with a 10 m diffractive aperture, the image tracking with a high resolution and a high data rate to the specific

long-distance targets is possible. Moreover, the realization of this technique can be feasible.

Key words
transition compensation; radar equation
OCIS codes 040.1240; 140.3460; 030.1640

1 51 7

KA WAL TE 35 (SAR) BEWS 4T & K, 4>
RAGE R PR XF b YL, A [ A 9 R A L ¢
5 IR P 400 353 A AR DX Sl R o A 2 R AR LA
HER RN . SO B R 3 SAR W 5 4 BE
R PR B8 0 H B X LA Ml 1 R R 1Y H B
HEAT i 43 B | B R U

A AR B & ik (SAL) 42 SAR 78 80O 4 Bt

detectors; space-based LiDAR; synthetic aperture imaging; diffractive optical system; aperture

PR B OB R H o R = A5
R LA SAL BT RIS G U T e
T 6 AL AR 52 B o BE L B RN M R
Krause %5 {38 T 35 [ 9% o0 A 78 55 T2 w] A HHL
B SAL HEAT CATIL I IS B0, 30 E T OB A AL E
BRI AT M . ARE AR A M T R T A 1] EH bR 0
W R EE SAL 1Y R Ge48 b F 5 48, JF 46 1 SAL #]
ARG R 5., 2018 4F 4 H, L ERIE T 3
THL Bk [F AL B8 (GEO) LE 4 1 SAL 525 &R

Wfm EHE: 2018-07-17; 1EEI HHA: 2018-08-16; FHA BHI. 2018-08-23

HEEWMB.: HEA ALK AELm FIH (61771449

" E-mail: 1idj@ mail.ie.ac.cn

1210002-1



th i

i ot

get, 22 % GEO s [ HAR b AT &, BT, & T
KA SAL X M A A9 AR ST 5 i A DL AR GE L A 1 73
Br R AL SAL A AR 59T 47 P HoAT B 20

M TR 5 IRA R I LIRS SAL 7 2
HAag ok 0wy He U B e A4 R AR 13 R e i s &< 1
FERURT AR A5 M L. 25 KR SAL B BIE w5 %
400 km , U JIr 5 B9 FEWCERIE B8 A2 29 9 10 m, T
X TR B BOR B  ET RGO 2 R G 10 m
UL ARIFAE S F, Ah 10 m DAL S0t % R 4
Y AR B B R AR O, ME DL BT R 7, JT 4
ok REERTHDEE R G 8 TR RN X RS
AT AR F LA BOR A RS AR 1 LIS DL R 1 L9
MBI PSR GR R, 5 ILR AT ST

T2 R G A B R AN & MR D AR AR 42
RS K AR BRIEAT G RGN THEEE /N,
KA SAL B TAEM S/ Al AR USROG 2 R 56
Hfe FE KR T DK S R R T R AT A
a2 R GORIE BRI 42

AR —A 10 m fiT i M1 48 K Ik SAL REdkAT
TAEBRAIAT I ET X K AR A G2 R G A A R AL
TR0 o P] R, B B T T TR S A Y = B R A
PERAG S AMER B,

2 RGFabrortr

g T — Al g B R R K Sk
SAL By FE 24545 .

1 REE SAL M F 25845

Table 1 Main specifications of space-based SAL
Parameter Value Parameter Value
Tracking height /km 400 Range width /km 5
Incident angle /(%) 30 Resolution with strip map mode /m 0.1
Operating range /km 460 Imaging signal-to-noise ratio /dB Better than 10
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Table 2 Parameters of space-based SAL system

Parameter Value Parameter Value
A /pm 10.6 Nato 0.25
P. /kW 80 D /m 10
T, /ps 5 7 0.9
Duty cycle /% 10 7: 0.8
B, /GHz 1.5 N 0.5
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Fig. 1 Geometric relationship between diffractive primary mirror and focal length under focusing condition

1210002-3



H

i b

AT BT A MRS A AT T
I FEEOAEN 10 mEROEESH 10.6 pm H0
WRT SR IE TR BN 10.6 pm, 48 41 HR T
B h 100, B 2 20 m 5B AT 5T 8 T B R
FRRE AR TRl 2 =B B AR e KBS AR i 29
3.5X10" rad,

ﬁﬁﬁfﬁﬁﬂﬁ%ﬁ%ﬁAmmu*wg
ATLL 20 MBS . & 3Ca) . (b) 403 ok E B oAb
ﬂﬂ%&%é%@ﬁ;ﬂ%ﬂo&@ﬁ%ﬁ4mkm
3T 37 IO 11 3 SR P S HE S R R R B 3 Ced
CE) 43 531 Ay 2 7 % IO 19 30 o 1) IR R G 3 e iR 1L
VT S AT 7 A 4 IR BE TR A R T R I

AT SAL B AR G FE A B 2 fi 1] 30 4% W8 LU A BT

BEAG . SCBR R GE et rp i % I e, b ah L Rl E

Phase /rad
O = DN W s U,

\/

468 470 472 474 476
Radiating element number /10°

© 0
% -50
2

£

2 -100
A=

~150 5 ‘

-60 -40 -20 0 20 40 60
Beam angle /(°)

e 0

Intensity /dB

40 60

0 Il N il L
-60 -40 —20 0 20
Beam angle /(°)

PE 3 F2 B A 2 2 R AT ik R N 95 R el

(a) TGP0 b i T S B AT B 5 (b) 7 25 1 R

Phase /(10° rad)

0o 2 4 6 8 10

Radiating element number /10°
&l 2 FEHE 20 m BAT I 32 5555 8 LAY AH 7 A8 1k il 48
Fig. 2 Phase variation curve of diffractive primary

mirror when focal length is 20 m

460 km 237, PR G0 B /N TR 1 P i 5 62/ ARF
AN ) e ARG T2 i A 5 7% I SCHIR LS T ik 5 U

®) 6
5
T4
@3
2
£ 2
1
0 . .
0 20 40 60
Radiating element number
@ 0 ,
m
S
Z
0
=
2
S
-0.02 -0.01 0 0.01 0.02
Beam angle /(°)
®» 0
-10
8 -20
z
&
ROy Y OO 1111111 AR 111
] W’W
i
2

-1 0 1
Beam angle /[10-3 (°)]

HZRAE RS AR

(c) 460 km T3 %F I B I TR 1) [ 5 (D P 3 Ce) Ko o 40 =8 R 0 A 1T 5 Ced 28 35 S5t 17 940 30t R 1) I 5 () T 3 Ced XoF 7 ) =2 9 i A

Fig. 3 Continuous phase-shifting and corresponding beam patterns of primary mirror. (a) Continuous phase-shifting at

center of primary mirror; (b) continuous phase-shifting near mirror edge of primary mirror; (c) beam pattern of

460 km near field; (d) enlargement of main lobe corresponding to Fig. 3 (c);

(e) beam pattern of far field;

(f) enlargement of main lobe corresponding to Fig. 3(e)
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Fig. 4 Phase-shifting and beam patterns of four quantization bits of primary mirror. (a) Phase-shifting of four quantization

bits at center of primary mirror; (b) phase-shifting of four quantization bits near mirror edge of primary mirror;

(c¢) beam pattern of 460 km near field; (d) enlargement of main lobe corresponding to Fig. 4(c); (e) beam pattern

of far field; (f) enlargement of main lobe corresponding to Fig. 4(e)
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(a) With aperture transition; (b) without aperture transition
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Fig. 12 Time domain echo signal after aperture transition compensation (without segmented compensation) .

(a) Target at down edge of beam; (b) target at center of beam; (c¢) target at upper edge of beam
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Fig. 13 Time domain echo signal after aperture transition compensation (with segmented compensation) .

(a) Target at down edge of beam; (b) target at center of beam; (c) target at upper edge of beam
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