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15 =

E WAL AT InSAR  (Interferometric
Synthetic Aperture Radar) 1 FH T2 PG U ik 355 4k B
(4[] — L X SAR 5248, i T35 W] 44 A8 R n AR Ao
ZEARMO R ML B F AR F R, AN T ge b i
PURIIIS B= 85 S R N 7N N 51 I =Y € S A
e (X EFE 4, 2019; Hanssen, 2001; Ferretti
2 2007; F# %, 2002; RosenZ%, 2000), .
Iz T2k g & (Graham, 19745 Zebker
1 Goldstein, 1986) . i 5T % % Wil (Hashimoto,
2020; Henderson %%, 2017; Hu%§, 2020; Strozzi
4, 20055 Liu %5, 2021) . LA K vk 1 i o 42 e
(Liao 5§, 2018) ZEMFFX @k, KM, f£4: InSAR
B A A P — P B AT AL AR 2D R (Costantini,
1998; Yu%¥, 2018; GoldsteinZ, 1988), 7EHiIE
R PR R R AR B T A8 DX I8 T R 32 2% B0 4R ) 36
AADOETR B, DTG 51 AR AL fige 4 15 22 JF B I InSAR

rim HEA: 2025-06-27; FEDZAR: 2025-10-24

LI 28 ) ] SEPEFURG B (Luo 55, 2019) . 1AL,
H T SAR 1R R G R ML 1R, X580k 5
InSAR HAR I A TEARF 2 A 3R BT AR K f A
IR F7 10 LOS (Line of Sight) FUHAME, v
T30 InSAR ff PEHL R G 2R AR REAE (i Bow A2 |
b 52 ) O AR A )R TE G AT M MERT (Hu 55,
2014) . R0l InSAR H2 A AE 55 %85 B 4 S0 X I 1)
A % 98 1R 2%, Madsen fll Zebker 1E /& 45 InSAR W,
W JEFR AL AE B, RIEXT SAR BE 2 m 45035 15 5 F
1757 B AR BCEAT AR RIS RRAE 1) T4 SAR 214,
FAE BE IR 82 7 SAR AL T RSSI (Range
Split—Spectrum Interferometry) %5 $i Zb B LB, M
M ARAFHR B A SO FE R T I, ARG SAR 401l
+ 85 A R A HEA: (Madsen Fl1 Zebker, 1992;
Madsen %5, 1993) , RSSIHZF AR AH TR T H T
InSAR A 25 SR B 5 | A gk 20 0 AT, L) s
JE "5 A7 BRF SAR A& J8R 0 FE B9 17 47 98 (Bamler
Fl Eineder, 2004, 2005). W TFISAR REGHE

BEE&TR . R ARPARES (45 :42401535,42371458 , U22A20565 ) 5 PU )14 RHE TS T 4ERF2- 34 (445 : 2024NSFIQ0040)
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T4 i H BN, R RSST AR B 145 85 18 i
W2, FEREAKMRM R TN, A
21128, BEE B — QKM 17 98 SAR T2 (1
TerraSAR-X . CosmoSkyMed) ¥ A1 4% & 5 I A
it 1, RSSLAY a7 195 [ B s 45 B A 2448 A, Of
MR FHF DEM 3 EL (Breic %5, 2008, 2009) .
W5, 52 GNSS LI AT A FHSUSI -5 W I T H, 25
JRIEIR R 25 B &, 2 1K RSSTR AR i — 25
P W H T InSAR H 55 J2 152 22 4% 1 A1 K R AR
W, JfF e T HE KM R HWE T (Luo 5%,
2019; Breic%, 2010a, 2011; GombaZ¥, 2016a;
Liang Fll Fielding, 2017).

h ZE WAL BT InSAR — 4 LOS JE A8 I 5 ¥ DL
Ut 36 B TE AR FRAEME ST, Bechor F Zebker 1387
PE M2 1 2 fL 42 3k T W H R MAT (Multiple
Aperture InSAR) (Bechor £l Zebker, 2006), B3
T SAR J5 L 7] M 3% 1 43 3% 1 9 I A 5 75 ASSI
(Azimuth Split-Spectrum Interferometry) . ASSI A] 3£
b Z s SAR 5 2 [l D1 RS A5 B, MR BRAD T 1%
4t InSAR LOS [MJEASM 1A 2, AAITHS InSAR —
YR AR I R & G, wh Iz N T L R
LA A PR B E %% (Hu%:, 2014, 2012,
2017; Liang fll Fielding, 2017; Jung%§, 2011; F
e, 2017). 5 RSSIZEML, ASSIH A M &K B
Z FR T SAR AL IR (14 J5 67 [a] 4l 58 (5 Jik i 22 52 i
RIEMC) . (B —NE, YTz H W
Sentinel—-1 Z %1 SAR T & 2k F TOPS A5 =X L LA 512
PR B Rg, T H R A TE
iR AL T B SAR 28 ) 0 A R AE B burst
BB LA KA ] burst Z A 25 A 1 2528 4k, 1 LT
AR ASST R T2 i DA 3K b 35 1) J7 457 [m)
i, Mit, Grandin ZFHR 8 ASSIF AR JHE, Jf-44
4 Sentinel-1 SAR WA FF1E, $2H T —Fh Burst #
& X1 ¥ BOI (Burst Overlap Interferometry) 1]
b2 7 1) 6 B I S i, IR S R AR I R
JE 515458 InSAR WA (Grandin 5, 2016). 7
B B2 BOLEE AR AL AT AR B /N Bl (AH 48
Burst i 88 X)) (R Ty i1 i 88, — M 24
AN T] Brust 528 X0 UL 45 546 (5 75 31 S il b 2
J7 71 JE A8 (He %, 2019a, 2019b; Pepe %%,
2023).

BlE SAR HEAR ISR A e, B4 SAR R 48 1EH]
Kirve ., Wik, ZWM. Wik, %EES . &

HEE ., RS RRE (KEE %, 2020),
SR T BORTEBGE SAR T ARAL iR R JE |
FOIE L B2 SER R 25 . I SAR 248 728 45 J5 T
JEBLR F LS, AT A R RE 25 AT AR R T A
SAR ZGLN HI Il 9 R PRI . A LRGSR T
SAR ZF il T N ORI BT SEBUIR,, JFE & EH
HINE LR, A4 T SAR 35T I R 7R
PR LY A KRB BRI A 24 R
AR BHEE . DA InSAR HL 8 J2 15 25 1 1E 7 T 1Y)
REHPERE, ¥RUTT SAR A3 T3 BOAR /Y I 0K i
AT SR T e B B R Bl o 7R e A b, AR SCRA
SAR X Hu LI F) A B 75 5RO 1, R T
SAR & T HAR M K SR

2 B SAR LA K R IUIR 5

WA AR FZEHTAEFHEN, 19784,
FEEFMm (NASA) K4 T H A T A SAR R4
SEASAT (LUEBL), JFia T R A SAR X i
Hi o 25 (Thompson% , 1983). 1981 4FH1 1984 4F,
NASA SAHE A 5 1 R FE 45 48 L B Y SIR-A FHI
SIR-B DA, MEHIAE SAR REAUABEE T JLhth
(Cimino %%, 1986; Gabriel fil Goldstein, 1988;
A 2017). HEA 9O, 3 SAR BRI
THECREME, 161991 4E—19954F ], 4BRIc)E K 5t
T CUBLERS-1/2, LBt JERS-1, [AIEHH4 L/C/X
W BEA SIR-C/X-SAR . DA% C % Bt RADARSAT-1
(Attema, 1991; Rignot Fll Van Zyl, 1993; Dobson %%,
1996; JordanZ§, 1995; Perski, 1998; Wackerman
4, 2001) FHERG., BA2LMARE, B
SAR Z Gt i UL B 7 BUAS R 28 . 2000 4%, 5
FE A AR QLIS 2k SAR 2248, 580 T 78 5 2 Bk
80% [ifi b 30 m 1190 m %5 [H] 73 B4 DEM 7= i il 1
RIALR KL IS HJE I 455 SRTM  (Shuttle Radar
Topography Mission) DEM (4 & %45 55, 2017;
Van Zyl, 2001), A InSARBAME S $-4E T 0 HEAY
AN DEM #5085 . 2002 45112006 4, BRI K = A
HAZS [\ R e )5 &4 T # 8 ASAR (CUEBL) 1
ENVISAT #1 PALSAR (L J# Bt ) #9 ALOS-1 T2
(Pepe Z: 0 2005; IwataZF, 2008), H—HFEEFT
SAR R M, AR H, LR s RN T A
SAR R GL KB AR o3 PRt 3w fy . IR B,
P 85 1) 2 58— /N T 30 MHZ.

Bifi 5 H AR 0 BE R SAR R 48 1 Bl 2238 1% & SAR
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WG FE AR TSR, #H— R SAR RGN
W, AR Ak . BRI, BB RALEAT . [
EAGA L RE VRS R 2. 2
K., ZUWE, WERERZEAW . TAEAS A
DT AR 1 R . 2007 4F, fEE A TR
Jay o BRI A3 R] Jm AU AR 4k % G T X B
TerraSAR-X (Werninghaus #1 Buckreuss, 2010) .
COSMO-SkyMed (Bianchessi #ll Righini, 2008;
Covello %, 2010; Caltagirone 2 2014) FICUE
RADARSAT-2 T & (Riendeau 1 Grenier, 2007),
XTI B A HEE 535025 m, T m Al L m,
s 5 R 2R SAR X HOULI 2E A 155 2 8] 43 HE R AR
bR ey, 8 E A A R R T 2010 4 & 5 T
TerraSAR-X () {h Ik B TanDEM-X, A4 5K 525 45
InSAR JE 7% il &5t 1 1% I 2 B8 41t 7 55 o o 4
(Zink %, 2014), 20134F, #hE K ST B W
X I B B A SAR T2 KOMPSAT-5, #24tf
1 m 3 FEREAR (Lee 55, 2022). LA, HAT
2014 4F W2 & 5t T ALOS-1 AU 48 4T &2 ALOS-2, i
AEEMZERHER (Rl lm) ., BRENH
BRI AR (FUBERE IR EEE 500 m LLN) DLRHE
B EDI A (14 d), ERBHFRE (AHRE .
WYEAE) e R 45 T EEA/EH  (Kankaku &%,
2013; Arikawa?%, 2014),

2014 4F, BT KR B2 & 95 T C % Bt SAR
B2 Sentinel-1A, I 54k 5 T H ik E Sentinel -
IB/1C, Mtk s . w6 d F i A o 2t
SAR $¥5, 4 iHEsh T 2 SAR HAR Y & J
i (Potin%§, 2016) . Bbfa, A4 E LA JE G
R T Z W EON R DB SAR LA, HK £ W
BRI SAR T3 AL B A0 & B 0 AR R R
w, 20184EZ )5, HAS, PUPEA . ERH K3k
TR HR SAR DR T mEIRE 1, Sels &4t
TR X P B SAR T2 ASNARO-2 (/MR |
PAZ. COSMO-SkyMed — 10 T0 & & fE (CSG-1)
LA J& Capella 1 Umbra N TR R (Kawasaki
25 2019; Munoz %5, 2024; Buono %%, 2024;
Farquharson %5, 2023; Clemente %5, 2024); I4h,
) R ke TR & 6 AR X BB A v 0 R O R
SAR L& (HRWS) (Bartusch%§, 2021). 7E1&
W SAR TR J51H, e kST T ES Ik By /N
SAR T & NovaSAR-1 (Rosenqvist &, 2020), P
AR e J5 & Ot T #5 2% L% B B9 SAOCOM-1A Al

SAOCOM-1B (Palomeque %, 2025); KUK
R THE B Pk B ) AR PRI v R A A T A
BIOMASS (Le Toan%%, 2011; Moreira%%, 2015);
5% [ RN BN BE RS R T T A R Lk B S B B
NISAR & (Kellogg %, 2020); i {2 F&l A1 R I A
KIF AR AT AT & G452 L Be i) Bk M R 3l 25
Ak Wil P& Tandem—-L #l ROSE-L (Moreira 25 ,
2015) . H[EITE 2 3R SAR R G A 07 T e A0 s g
AR AR . 20124F, W EAS T E W8Sk
BEAY R SAR LA HI-1C, 5 2008 4F & 5 19 HJ -
LA/BOG2: BRIE MCE AN, AN THERAISAR T
X HE LI 2S8R 5§, 2014) . 2016 4F
oE R BT E R TV R ) g B R
SAR LA, HI¥E# CU B m 4> — % SAR LA,
e ks T m AR HR GRECHE, 2017). IF,
eI A TSR C BB A =5 02 R 03 A
T Ea =5 = REAMBERS, KiE#EAT
o [E SAR TR WL GE /) (Zhang 55, 2024)
UEAh, R TS AN R L B RO
HMSAR &4 (LT-1A/B), P T fierm 3 m 25 [f]
I3 R 4 d U5 R A0 6 s OO e D (Li
45 .02022), 1EFRAHGE SAR FAR DT H,  H L ER
TEREM, KT e R LB
BRIF 808 SAR TUAE (LT-4), MM 52 1 & & 1)y
(feP 1 dFE 7)) A T8 MR 0T Ui ge oy (Ji &%,
2025). {HAS—$ERJE, TETE/NESAR TR
WIS T HE SR, R 2 R S R —
(HT-1) B (W), w15 R 3 ik 2
R, HA IR S0 aR . g R 2
FIUAS WE M A RE 7, PR | s 2 o 1 v G
By RIBA (DSM) I 58 il 4 BR AR AR X 2341
% (Mou%§, 2024).

BILZa i 1 ad 25 METACR R L FZE R
SAR D EM AR (KXAETEHSAR LAE
FRG) . AR SAR TEBEE XA [F ik i 470t
(EWSR NN N 2 RS ol Ty
X B SAR R AR KRIEE & A 98, I
V- fif SAR 7 15 i [B] Ak b HE 52 4R PRF (Pulse
Repetition Frequency) . 247, KZ 23 SAR R4
4 I 1) 4 9 ) 28 LI 9 30 MHz DL $2 71 21130
FE) 40 MHz DL I, #843 SAR T2 45715 ol 3 TR Ak
15 2 BE 7 9 L 2288 80 MHz, 4 b 3Cid Je iy
TerraSAR-X. COSMO-SkyMed. ALOS-2. LT-1 7l
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Fig. 1 The development of spaceborne SAR over the past, present, and the next few years
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Table 1 Pulse repetition frequencies and range bandwidths of mainstream SAR satellites

BBV 4 e B SAR LA Jok b L A2 A</ I 1) 7 58 /M Hz
2007/2010 TerraSAR-X/TanDEM-X
800—2400 150—300
2018 X PAZ
2007—2010 COSMO-SkyMed 2000—3900 100—400
1991/1995 ERS-1/2 1678 155
1995/2007 Radarsat—1/2 1256.98/2000—6500 11.6/17.3/30.50/100
2002 C ENVISAT 1650—2100 16
2014/2016/2024 Sentinel-1A/B/C 1000—2500 25—100
2016 Gaofen—3 500—4000 25—100
1992 JERS-1 1505.8—1606.0 15
2006 ALOS-1 1500—2500 14/28
2014 ALOS-2 1500—3000 14/28/42/84
2018/2020 . SAOCOM-1A/B 500—2000 14—40
2022 LT-1 500—2500 14—42
2024 ALOS-4 1500—3500 14—85
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Fig.2 Key milestones in the development of SAR split—spectrum interferometry
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Eineder %% (2008) . Bricic % (2009) ¥ RSSIH; A
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(a) The interferometric geometry of the primary and

secondary SAR with nonzero doppler centroid frequency

AR AT . JELPIIE T LIS SAR R 18 TEUL3E
fili b, XF LR SAR AR AT 25 0 b B, 7= AR T
TR TR (K4 (b); BT, JFEM AL
BEWEIE T Rk E 5, v 3R I SAR Jrf
WIJE AR5 S o ASSTHEE AR U1K InSAR JE A8 I 5 DA
—E YR R Yk, WP T InSAR B AR I i (1)K
R 0T iR

JEAL 2 Hif

(b) ZALAETE A T RIS LT3 7s B IA

(b) The schematic diagram of forward—looking and backward—looking

interferometry for multiple—aperture InSAR
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Fig. 4 The interferometric geometry of SAR azimuth split-spectrum (Adapted from Bechor & Zebker (Bechor and Zebker, 2006) and
Jung et al. (Jung et al., 2009))
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(a) Principle of Sentinel-1 TOPS imaging mode
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(b) The relationship between squint angle difference and
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5 Sentinel-1 TOPS BB LS WM LA (B [ Grandin %(2016))
Fig. 5 Principles of Sentinel-1 TOPS imaging mode and observation geometry (Adapted from (Grandin et al., 2016))

A& Grandin %5 (2016) FIE S (b), AJ45 BOI
F ARSI [ 57 F% Y AR S B A
Ad)ovl = Ad)fw - Ad)bw

I (
= U il

=1

fw E hw) (6)

—

J
S, Ad,, WE KB E AR A, Al
A, S 7R H A KRR RS A0 u
FIHLTEIAS 5 kA A BIFER A OLAS 00T 3
LR [ =k, ~ K, ~ AW, -]

diff

along - track ’

AW, = Anyby, J . R T TR ML L

WK, AV, IR ESE, An, R
Burst 55 Hsf 1] [11] [ k. NS AL

Grandin%5 (2016) FFH BOIH A& T 20154F
R AR R Mw8.3 9% Hit 7= () A6 1] ] R FE AL
JEFE ML FERL A LOS M JEAS i 5 T i R pY =

HeIE A Y. ML T RSSIAIASSI A, BOIHE A n]
ARICHORS i T2 AR R0, (L HC O8I0 5 55 3 [ (L BR
THHAB Burst H 5 X 8. Ak, BOTH AN FH %5
ez, HATEZN TR k%2 4P AL R
ﬁ*ﬂﬁﬁﬁl*@iﬁ{ﬁiﬁﬁﬁ()ﬂﬂ (Pepe/gf, 2023; Jiang
22017, Nergizci%, 2024 ; Magen%, 2024,
Li%, 2021),

F245H T RSSI, ASSI I BOTIX 3 Ffi i A 1) 3
SRR N R A

3 SARriEHwi & N H 5 R

Bt 21 20 Lok SAR TR AE R A F i &
KB, H—RKW I, &5 PR SAR REeAHLk
R EHE AT, A3 T o I B R i A
T IRAS BRI AT B 00 1 T 00 I A 4
ARAEDEM $EHL . KBA IR AS I & . 2488 AE JR L
F InSAR 55 J2 158 22 45 1F 45 J7 10 (7% o7 FH b g8 b A 7

N4



EWRSC G A MAR RIS TN LRA - 5 N B 785

%2 RSSI.ASSI.BOI 3 fiz R3$EE
Table 2 Comparisons of the RSSI, ASSI and BOI techniques
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(a) Copernicus DEM
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(e) DEM phase derived from RSSI
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(h) The difference between (e) and (b)
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Fig. 6 Comparison of the DEMs generated with different interferometric SAR methods (Adapted from (Mao et al., 2022a))
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Fig. 7 Application of RSSI in different large gradient deformation scenarios ( Adapted from (Luo et al., 2019; Jiang et al., 2017;

Libert et al., 2017, 2018; Shi et al., 2017))
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Table 3 Comparisons of the different measurement results in Fig. 7(d) with GPS measurements

InSAR 5 GPS 2% F/m

WIRES T K 1) /m — — I AR X Ik A 37 B8 24 5 iR 25 /m
Al vl 2
InSAR -0.133 0.019 -0.979 0.002
RSSI -1.375 0.047 0.073 0.036
InSAR+RSSI -1.362 0.039 0.042 0.006
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N HIE TR K
33 InSARZHEFTNE

SAR Rk 1) B AR 5 208 InSAR 5 A AL AT ) &
W ISP R LR T 10 1 — 4IRS (5 R, PR s
b F T AR BL PR A 16 Ot 22 B0 %, A R PRl InSAR
AR IR —F AR, =EH
InSAR 42 HU1 SAR ¥4 10 JE 22 5 ASSTHE AR SR By
SAR BB AR B A, JFIR T HuRE . il Wk,
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(a) Three—dimensional deformation based on SAR imagery, with the left, middle, and right panels representing the east—west,

north—south, and vertical deformation, respectively
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(b) Comparison of three—dimensional deformation based on SAR and GPS, with the left, middle, and right panels representing the

east—west, north—-south, and vertical deformation, respectively
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Fig. 8 Example of 3D deformation estimation by combining InSAR and ASSI/BOI (Adapted from
(Jung etal., 2011; Grandin et al., 2016))

50560 R R vk R BEASR], RSSI A 32 WU
GNSS LB R R AL IE SR &, 1 SAR S48 43 i
HHUC AR AT 2 S Y R AR Al SAR A4, AT
Ty U0 L 8 R R 25 A TSR . 2010 4F, Breic 5%
(2010a) T4 K RSSIEE R 51 A InSAR HL 5 2 iR 25
f R IE I AERLIE A SE 38 UE T HoRg B F T
SEME, BEE T RSSIHL B ZIRERIEM IR, 5T
I, Gomba 4§ (2016b) FGiJr#r I RSSI L ARTE
InSAR HL B8 )2 1R 228 Iy IAEZE Y IR, 4 T

AL 0 g DR SR Mg, 3 ok SR ] T RSSTH AR g AT
SEPE R AR SR M A R s[RI, Gomba 45 B XT
NISAR XUS & 2k SAR 14, #2& H T JE XJ FR RSSI,
I8 A E K o B, IR TR AT
P, HAh, Gomba FlDe Zan (2017) % & RSSI 4%
AR M2 PR T SAR B B A 98, ME LI IE
InSAR M5 SR rh iy /N B 2R 22, 48T
FEF DU -3 e 56 45 8 59 RSST AN 07 7] i B Bk A5 110
InSAR HL 25 )2 1R 22 IEAR A | 25 5L RIS AR AL AT



790 National Remote Sensing Bulletin

# R FIR 2026,30(4)

AR IE InSAR 45 5 v R[] 23 [a] RUBE i) H g 23 1%
2%, WME9 (¢) FR. Aok RSSIFARM &N,
Wegmiiller 55 (2018) #2i T Re-RSSIH A, JfM
B A S %F 40 B T Re—RSSI 5 RSSI 17 fiE
WE B T Re-RSSI J5 ¥k % fig & & { T RSSIL. Liao
(2018) M¥fm RSSIEE ARG, $2ih T 214
RSSI 7 ¥, BB —E SAR 51443 1% 3 sk LA F 1%
T, IR TUAY I &, DLk 3] InSAR HL &
JFIREEFATT AR IEM H Y. Mao%§ (2021) Ji
T 2o RUPE HL B 2 1R 25 ¢ 1 S 36 1 ok LA AR B 4%
0] @, {E Gomba Fll De Zan (2017) Hy3Laf b, 2
T TR R B 22 40 i IS 38 Ak 9 RSSE A
ASSIER G %) InSAR HE 2§ )2 IR 22 MOERE AL, JEFIH
SRR A GPS B S0 0IE , F B O R A AL
BEIEATR) 28 [ ROBEFL B 2 iR 22, Rl i) JE 75 $2 AL
IR S5 E . MR IE RS InSAR T & (14 H1, 55 )2

w25, Fattahi 5§ (2017) B UCOK RSSIY R H T
BF )7 InSAR HL B J2 IR 22 IE, 25 R W] RSSI 7k
Al G 2 B I T InSAR JE A8 I B 0KS B . Mao %5
(2023) #4 Re-RSSIHZ AR Y J'é 2 [ ¥ InSAR HL 25 )2
RZERIE, 5 RSSIXf L, 45185 Wegmiiller 55
—%, WE9 (b) PR, (EF—#EMJE, Liang Ml
Fielding (2017) AR 1L 252X SAR J5 o7 17 JE A2 1Y
SWALE], B Uk RSSIEL AR A F 4% 1E SAR J7 i
) 8 A8 B HE S 2 22, ORI R 0 2 HiL i i 3R
I ALOS-2 ScanSAR 48 18 91E 1 3% J7 i 1Y Al 47 7k
A B . Mao % (2022a) i i Bk A RSSI Al
ASSIEEAR, BRFEE T SAR J5 0 [ HL, B 2R 22 1 X0
AR IEARE RN, Sl g SRR I, IR AR AR
P 1 GPS s B0 0IE , e 430 S T 3k OSSR 1 A5
BRI RCE, BT T SAR Jy 7 a1 JE 748 i I 5
KR

24°S |y

25°S [,

26°S

24°S | 24°S |

25°S |

25°S

26°S | 26°S |

(a) FEF ASSIHYI7 Bz [ i B InSAR HL )2
WREEMIE, 28 A7 A B IE i A 7 ]
(a) Azimuth offset InNSAR ionospheric error
correction based on ASSI, with the left and right
panels showing the interferograms before and

after correction, respectively

69°W 68°W

42 024
(CM/2)  dmmmieiemimms

(b) T B i 73 ) InSAR LB JZ IR ZZALIE 72 of A 03 AR AL IE
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(b) InSAR ionospheric error correction based on range—direction sub—band
spectrum, with the left, middle, and right panels representing the
time—series InSAR deformation rates of uncorrected, RSSI-corrected ,

and Re—RSSI-corrected results, respectively

/rad
-

() BR5J7 A [l i % I RSSTHY InSAR HL B JR IR ZEMIE , N7 B 3 5l A AL AE. 7 67 1) i % 12 T RSSTAS IE AR 43 16 1E

(¢) Joint azimuth offset and RSSI-based InSAR ionospheric error correction , with the panels from left to right showing the

uncorrected , azimuth offset—corrected, RSSI-corrected, and jointly corrected results

B9 T M5k Y InSAR HL 2 J2 1R 22K E R 1) (B FT (Jung 55,2013 5 Gomba Fil De Zan, 2017 ; Mao 45,2023) )
Fig. 9 Example of InSAR ionospheric error correction based on split-spectrum methods (Adapted from (Jung et al., 2013;
Gomba and De Zan, 2017; Mao et al., 2023))
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Synthetic Aperture Radar Split—Spectrum Interferometry: Principles,
applications, and prospects

WANG Xiaowen,MAO Wenfei, ZHANG Rui,LIU Guoxiang

Faculty of Geoscience and Engineering, Southwest Jiaotong University, Chengdu 611756, China

Abstract: Interferometric synthetic aperture radar (InSAR), as an all-weather and 24-hour operational spaceborne remote sensing
technology, has been widely utilized in applications such as terrain reconstruction, surface deformation detection, and geophysical parameter
inversion. As an extension of traditional InSAR technology, SAR split-spectrum interferometry techniques (including SAR range split-
spectrum interferometry, azimuth split-spectrum interferometry, and TOPS mode burst overlap interferometry) have shown significant
potential in fields such as interferometric phase unwrapping, three-dimensional surface deformation extraction, and ionospheric error
correction in recent years. This study aims to provide a comprehensive overview of the development status of satellite-borne SAR split-
spectrum interferometry techniques, with a particular emphasis on their principles and data processing methodologies. A total of 112
scientific papers published between 1992 and 2024, focusing specifically on the topic of split-spectrum interferometry, were reviewed. The
review content was organized into four main parts: SAR sensors, current research progress in SAR split-spectrum interferometry,
applications and advancements of SAR split-spectrum interferometry, and challenges and future perspectives of SAR split-spectrum
interferometry. The paper offers a comprehensive summary and insights into the development of split-spectrum interferometry through
analysis. First, this study summarizes the current SAR satellites, including commercial platforms. Then, it introduces the fundamental
principles of SAR split-spectrum interferometry and systematically reviews its latest advancements in areas such as high-precision terrain
mapping, surface deformation monitoring in regions with steep gradients, multidimensional surface deformation extraction, and ionospheric
error correction within InNSAR frameworks. Additionally, the study explores optimal parameter configuration schemes for high-precision
surface deformation monitoring using SAR split-spectrum interferometry. Future trends in the development of this technology are also
outlined in this paper. Continuous innovations in SAR technology enable the advancement of satellite-borne SAR systems toward broad
bandwidths, multiangle observations, multifrequency capabilities, diverse polarizations, and satellite constellations. Techniques such as
range split-spectrum interferometry and azimuth split-spectrum interferometry are expected to enhance accuracy in deformation
measurements and ionospheric error correction, whereas burst overlap interferometry may significantly enhance the spatial coverage of
deformation monitoring. Ultimately, these advancements are poised to establish a high-precision, multidimensional deformation monitoring
system that integrates InNSAR with SAR split-spectrum interferometry, thereby driving innovations in large-scale terrain mapping, geological
hazard monitoring, and global environmental change assessments.

Key words: InSAR, SAR interferometry, split-Spectrum interferometry, multiple-aperture InSAR, ionospheric correction, ground
deformation, topography mapping
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