AR (R 3E30)

14 AEROSPACE SHANGHAI (CHINESE &. ENGLISH) 5 39 4 2022 4F5 3 W

Z KK SAR £ RN FH 77 &R

MO EE BT N gt g Y
(1. bR T EZ IR, EH201109;2. EATEZERETREFERRALAHZRKET L EZERE, E5201109;
B LHEMRBAMARE ZRERBEFEARET LERET, L% 201109)

FMCW 4% #l

W OB RS AR MARRERENTRORE SHL, EETHFMNG . THUNEFRAG S ZLERLEFTL
(SAR)AM 2 %t & @ e TAA LI EM , A BAKA M 2 JE s Ao AL I TAT RIM 8T W ERM
# 2 (FMCW )4k ) 2 Kk SAR A Gett &, S 4T 2E L oF Z 8 R | A AR 2 W) 203 1 4 F X 4k P R AT T 3
EREFGGABE BT SZAMERFTX EEARLET S0 . THMNH FIMEFMRA, HAKSAR
ZER R T RS

KGR AMEL N ARILBEFEEE; 2RI

HMESES: TNI58.95  XEtiREM: A DOI: 10.19328/].cnki.2096-8655.2022.03.002
Future Application Methods for FMCW Millimeter Wave SAR Constellation

ZHAO Qiang]‘”, YUAN Yingnanl‘z‘g, WANG Hui"*?, CHEN Xiang”'3 , ZHENG Shichao"*"*
(1.Shanghai Institute of Satellite Engineering, Shanghai 201109, China; 2.Shanghai Key Laboratory of Remote
Sensing and Millimeter Wave Information Acquisition and Application Technology, Shanghai 201109, China; 3.Key
Laboratory of Millimeter Imaging, Shanghai Academy of Spaceflight Technology, Shanghai 201109, China)

Abstract: In recent years, with the increasing diversification of application requirements for space-based remote
sensing, the concept of multi-satellite synthetic aperture radar (SAR) networking system with capabilities such as
interferometric altimetry and interferometric velocity measurement is facing the challenge of engineering realization. In
order to reduce the cost and scale of the networking constellation and improve the engineering feasibility, in this paper,
the concept of dual-satellite frequency modulated continuous wave (FMCW) millimeter-wave SAR system is
and inter-satellite data

proposed. The key issues such as inter-satellite synchronization, internal calibration,

transmission are discussed in detail. Based on the dual-satellite system, a multi-satellite networking expansion method
is designed, which enables the system to have the capabilities such as high-resolution wideband, interferometric
altimetry, and interferometric velocity measurement, providing a reference for future research on SAR constellation
application methods.
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Fig.1 Comparison of transmission power by pulses and

continuous waves
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Fig.3 Principle of dual-satellite FMCW millimeter-wave SAR system
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Fig. 4 Signal flow of the Mirror SAR

Mirror SAR #E & B9 75 — 4> 5 % fig 7 J2 78 0
b B R SR BULAS Rx 4R, o i B2 RS 1 19 SAR
T A TR, A T T M
34~ Rx L2 ) Mirror SAR % BA W& 5 Fr 7k, 1 Tx
TR Rx B AL —HE BTG AT, 5 4h
2 Rx TR 545 1 Rx T2 — [R) L2 i 28 Tx
B AT Horh IREHE S © £ i TanDEM-X
1T 55 1) 2 39030 0 4 BN 1L A T T ROR T

FHF WUEE 3 SAR HAF 19 4 2 g Rx TL AL A Jt 28
WA 6(a) i, BT M Rx LA SAR K2k 3 F 174k

ko
R P
%ﬁ Lo Tx it
i P o
Wit 2 e -
~ e j*‘]‘
I Eﬁi_ iff
Lo,L—f e £ |
_4__*%ﬂﬁ
MR [\
sz N

(a) HI T XIEHSARRAEI A TN RERx A2

5 Mirror SAR % %t S2 5
Fig. 5 Example of the Mirror SAR system
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Fig. 6 Block diagram of the Rx satellite in the double-satellite Mirror SAR

A JLFNSZ B Mirror Link 19 7 . Al Z8 5 % &
HOR B E SO A A PR AL T S, — R
PEOCEE B R ROR R B AR T 5

1) B k. BUHENERORIITE, R
SR B Y b TR S B 5 7 Rx DA BCR S #%
Ko Tx TR, 75 55 g Tx TR A% %) M 1w 1) 55

So. QL Nt DR 7/

2) Jt2% Mirror Link, JGHE B AR08 8 B 55 5 4H
A7 ] 25 B Ak B ey 100 H5 4 1% a5, B 2ok 7R A A
5 R 5 B 1) I s S R 8L PR e ol BE B K o Rx
ALY T R R 0k T S Y R AR S, IR R
VR EDE RS B AR Tx A, Tx DAEZIRE



AR (R 3E30)

18 AEROSPACE SHANGHAI (CHINESE & ENGLISH)

o539 % 2022 4R 31

{55 e, (R A 5 7 A B AR P Sl A T e
e, BCE G RTAR T 1/ Q Ak 9 & 4 0 7 23 B 1 £
SHEATRAE WAL T R o JGEERE AL 2 T AN R SE
AR A B AT AR HE L F T B R R A/

1\0,“‘/\ |4 /ﬂ)\qy v
V/\vﬂ"\,”\’\!\flll‘u me

fRARAH L
SR

A% ) i i

Tx-only
|=|

/ ,’,);'f////// WY
W Q W

ss RIS o GiR 2

B 7 7TEYZ Mirror Link $% 2% J7 18
Fig. 7 Schematic diagram of the optical Mirror Link

3) = B4 Mirror Link. & T 0% 2% % , Mirror
Link i A] DL F o 56 000 2% 0% o T 6 P 20 38 0 & 4
T IEFEHREGEL,

3 Z K% SAR E E Kk M A

A FMCW SAR 7 #Llk & 43 & 1 7 X 15
Rx DA FHAMRDRDEE, Wi Tx DA A
ZWoine, e T XA RG] LB Tx A
Z W Rx DRk d DAY, it fE Pk R 5
E Vo R RS 2, DR Ak B AR AT AL &R g2 T
PE L TE TR B RT3 M RS 40 Ak SAR X 1 0L I B
J3 RGP AR /N SAR TR R A 1Y LAl b
AL o A 4 I S BT R A Y R G BE R AR
K6 BT 8 H AR 45 — IR (LB gE J) o T g
1 T g AR AL 35

1) o SE i 2 2E vE A A A

AR TR 23 R 2 2K IR 02 % Bk 3 A 114 O
Fa b, T H AR TR0 B DR AR % Y A T R AR I
F B BRI o BE AR S0 O R R &
o ST R R R ORI JR T, 38 DT R R R ) B R T
Tl AR TR LS BT A A5t X B s 00

FE T SCAUR R G0 SERE F 28 U 5 1) b 3% fin
20 S S R AN AL AT S B PR 4 R 40 T R A
18, i 8 s .

B8 FHESIEREG
Fig. 8 Schematic diagram of sub-band stitching
HRWS imaging

2) Z KL InSAR T .

V5 = R AT A BT AR A A Y
s T AR SR RGN T
B - R BRI W A Ay R A B T
Pl E AR R I VG T

TE 75 B 3IF f BL AL bR R B 1 0 R S BT
W, EI S 2~ 3 i W RS Bl 2 Rk T R T
WG 23 InSARWE 9 Fis

9 ZELZInSAR
Fig. 9 Schematic diagram of multi-baseline InSAR

3) ZRELIUE T3 8l B ARKR I .

W HE 2 i g K i 58 ad b st 9 gl H s T
R St i U R M ER L B U A e N &
PRSI, A B T Sk Sk i T g S A e Sl R A
o O B TRVRE AT LASE Sk X T DKL A 45 1A THT 2
FI b B0 A7 IV TR A R, 356 B4 3R A5 45 B 5 14
EHRB A B TR E BRI R

FE T8 7 5 UE A kAl b B b 1O 0 B St B



9539 %% 2022 4E45 3 1 B

VA FMCW Ml 22 20 il SAR B A 3 7 77 v I 4% 19

GMTI( 17 2h H B A I ) | 38800 1~ 2 59 422 0 &2 52 80
£ GMTI, GMTI D E &% TAEME 1 E 10
FE R o

10 K@ E L I EL T i

Fig. 10 Schematic diagram of long and short baseline

speed measurement along the track

4 %R E

AR S LAREAR 22 5 2 I AR FIRRASE O % 0 4 1
T AT BE AR R A DR FMCW 4 il 22 K 9%
SAR &4, il 1t X} SAR ZRGE i &G it A2 [A]
Mo P b A5 A 1) IR AT AT, X o e T 1
Mirror Link & [8] £% % 3 AR JE47 X b, 8 UE T W A2
FMCW il 2k i SAR RS n) TRE AT A7k, [H
PR FMCW A 22K i SAR Z 48 H & vl 40 ek,
0 e 4 I R A R L P R T A 22 4% R T
28 RENS LG ST 40 T I T R O U S )
fit. B FMCW il 2K SAR RS0 —Fl/hEL
B ARIAS 5 40 B 1) 2 T RE K FE41 M SAR R 55

S % 3k

[ 1] g, e e, 5 Ka I BRI 82 0 SAR 25
GIE BARBER R AT [T]. B R, 2021, 3834 T 1)
49-55.

[ 2] Zdras, T 0, R0, &5 Kadi B iz 22 9% SAR 1L A
FAEFEALT]. LA, 2021, 38(34 ) 1) : 56-60.

[3] M EJe, B, 245, 5% ZKESKE TWSAR T
B JOREEFER [T, B R , 2021, 38(HF) 1) :8-12.

[4] REBEE BFEE,ZZEE InSARB X 1] = 428 I
W5 W g kR (T 0 4 4], 2019, 48 (2) -
135-144.

[ 5] XImele, RAAR, Tk Lr, % . 8 35 T35 H R (1 28 58
Wi T A8 W A 58 [T ] 25 F) 2%, 2016,41(1) : 28-32.

[6] XYL, & LA, 5-M, 56 ROk SARF AR K R
#[J]. Fik¥AR,2020,9(1):1-33.

[ 7] ZB/NTFF,okfed, ok, % TerraSAR-X/TanDEM-X F

R RO T W5 A SCR B DEM ik iR 9 [T ). T ik 22 4],
2018,7(4):487-497.

LA, RIE VL, BkEE , 45 | 2 KD TR 22 SAR I
BAGTE[T] 62 5L HHAR ,2022,20(1) : 58-64.
FZ T, IR, % W B FMCWSAR R4 50 8
HiKg[T]. iR, 2018,35(6) :12-17.

VLARZD Bk, ST I, S TR S SAR I B 5
JELT]. AT X ,2008(2) : 20-24.

T TE bR BRIOR L 55 . 27 6 8 AL AR B IA R 5
LR T] TR AE4R L 2019,8(6) : 732-757.

AL AN BRI A B TR A R Sk 1 [
B SAR UL AR I W 52 [J]. 75 3k % 4, 2014, 3(4)
480-489.

o, RN, Rl ML SAR 2RI — 1k R Ak 1
ARSI [T]. 5B R 5 AR 2020, 18(6) « 625-
632,639.

XK, WA 0 T A B b SAR AR A [7] 25 52 22 5%
Wi o3 ML) LT E,2019,36(9) : 15-19.

SRAAA DR IR BB .k TR M 1 SAR RGE M A E
bR B AR WE ST [T]. 25 %2 B0 2 e o4 4, 2017, 31(4)
253-256.

MASSONNET D. Capabilities and limitations of the
interferometric cartwheel [J]. IEEE Transactions on
Geoscience and Remote Sensing, 2001, 39(3): 506-520.
KRIEGER G, MOREIRA A, FIEDLER H, et al.
TanDEM-X: a satellite formation for high-resolution
SAR interferometry [J]. IEEE Transactions on
Geoscience and Remote Sensing, 2007, 45(11) : 3317-
3341.

Tr R, SR B XA, 4F L A BL AT T SAR T
BRGRIEGRIT] K A4 TR, 2018, 27(1) :
116-122.

gk T, ERAE A AR A SR SAR HR K R
A HTLT] R 2 TR, 2022, 31(1) - 1-9.

g EARFE T WA RAREILIT]L SR 57
16,2013(11):40-43.

SRIGHE VESH WP AT A h U5 18 SR FH B 5 R
[J]. 3842, 2016, 20(5) : 1243-1258.

BRAFIZ sk i, SRR, % 2 IR R 8 SAR HE T ¥
ORI ] N2 4, 2020(7) 1 13-17.

MLIE AP B SR B0, 55 B 2 SAR BEARTE R e g il
WO RL BT [T 2% % 52 K, 2013(6) « 117-
122,130.

2RO, XA RIS, 25 SAR 1R 41 UL A 5 i
TR TEE R[] Mg RL A, 2021,45(5) : 145-156.
W, 25 B4 5 R A PR SARSEAR SR IR VK1 T AR
UK [J] 8 AR 5 R ,2019,34(6) : 1155-1161.



