1007-4619(2026)04-0798-21

49

InSAR K BE 37 18 B AZ iE A2 2 Ja ) -

5% Svid RSPV EAY S

Pt

X

[\
%%{
=

FER', KE', HEE?, RBmk-Baok
RER', Wi, RE?

L. RS 2 5 B2k, B 200092;
2. Kb RALZS [RIBHE W IE B A BR A 7], K7D 410205

B OE. AR E T E InSAR (Interferometric Synthetic Aperture Radar) AE Jhy 555 %) X6 o UL 5 A, 6E
fEIGE BB TG . K GORT A I P N A0 2, ARSI Hb U . 07 IXTT2R | 5T 9 5 45 4 R TE A8 1 43
AR, JFE R R AGE BRI . R B R SIS BB R A ) Lk
B SIS MBI IR AR RHIE , XL G I B R L T K, 1] InSAR HOR SN AR A TR 1 A
RiEAZ . ABFIY LA InSAR £ 28 58 FE Al 35 i I o (i i ORIy 48, ARG TFR ke 5 K Rk . &%,

National Remote Sensing Bulletin i & 5 4k

MIATWFFERR %, £ T InSARFEIE I . BRI . A7 SR AIAIL A 26 A ] 248 28 5 i 5 Al 2 it M ) b ) S R 037 T
Bk T AR RTINS AR U S S5 22 Al R B T o K, A58 Sl BRI BN S 5w B RRIR TR, JHT A
T T InSAR BT A7 A B LN, RAE D 55 BN B BR B0 A L B RS B A 25 (] R S A2 5
B AL IR 22, AR R TR 22 R M IORS BE (™ BT 9% . IS8 LIRMIAR, © THredeth 172 Mt
S, RGO R R AR S AN A RS . R S 2 U B B R 4, XTI E—E R b
PETE T WM AE R A TS g k. Bn, S5 A VR T BATE AN () 288 1 A i Al 5 0 e ) R R SR 4, R
7R T ISP InSAR EORTE LA I T T, IFdE— B0 T AR T ] o BRI, InSAR HOARTE S8 He il
WO I P LR B T RIS, (HH5 A S R A AT oe 8, LS G Ml S 45 S 4 A B XU By 4

R : InSAR, STHAERBII, LA, GERTIRE, BrRiil, YUsiikE

fE 4SS P237/P2

I AEN: BER,KE, FHE, RMNRE-BEER, B, RER, FiBRE, BRE.2026.InSAR I AL % B E MG R TN - 5

RitRE R AL . BREFEH,30(4): 798-818

Lei B C, Zhang L, Ren W J, Nijiati M, Liang H Y, Song X Y, Chen H L and Yin H. 2026. InSAR for
transportation infrastructure deformation monitoring: Advances and applications. National Remote Sensing Bulletin,

30(4):798-818[ DOI:10.11834/jrs.20265391]

1 51 7

A2 3 e A 15 it e R Rk St AR R A B
X, Hiz B HECRBIAGL TS XE
Crfeg o SR, TEREUIRE . i3k IR L i B2
% 1 AR TP 46 ] S 7E 4 B AR A% RN 1) 4R 9 AR R R B
PR, N RS iE I i A A ™ E Ry (BEERF
45, 2005; DuanZF, 2016; sKkK4L %5, 2016) .
Al = KBTS AR I, e 5| & TR

rfm HHA . 2025-09-23; FENZR: 2025-12-07
HEWB . FEH KRB 4 (G5 :42574040,42174005)

PRI, %t 5 3 R Al 15 it 1) 445 A 4t B 55 RS P R AT
W, Ok OR b a2 A B HERE

BT, A 28T Bon] 1T 228 B i F
W, K HEM - (Mossop 1 Segall, 1997) . il i
B it (Chen %F, 2011) #1 GNSS (Hwang &
2008) . X L6775 vk BB S LA kS B B, (HE
A7 S Y A PR L T R AN T A v
S NSO R DO EaB IR S iR A oy 2 NN
FETt, R R R A S B L IS e I A

F—EEE N TR, P57 N InSARBHRALF 5 W . E-mail: 2410270@tongji.edu.cn
BEMEE R KA, WF9E 7 20 InSAR ¥ Ab #1575 K o FHWF 9 . E-mail: Islzhang@tongji.edu.cn



BTN A5 : InSAR WK AE SCIE KL BT AL W B R 5 13 S92 799

e I 25 O BER R B R, DL B VT B AR
TSGR R XU T

A AL AT ¥ InSAR  (Interferometric
Synthetic Aperture Radar) F A& — Ff 55 %2 1) K Mo
T, AR I W I RN 9 AL A U
Bz RH (BER] 28, 20165 Carla %, 2019;
Tosti 4%, 2020) . 5 & 48 T %2 W I F B AH I,
InSAR FEJE A2 Wil Jy 1 Jje PR . A 8. oo, M
WG, SR ES E I A R, i
S PR DXl RUBEE g A I 5 R, U
WBIANFEAE F X B B AR I, AP 5 2 B ] SRR
PLAT5 0 F A8 el 5, DA T R R 4 T 25 ) SR A fiE
R, VR —Fh R A )52, InSAR 7R
B WP ARG B AT BAL Y BRI T RS
WA TR T, WA SRR T I sA s R,
B 22 A InSAR FOR 1K &, i i i e K gl 4k
T ] A A% 5 gk I 8] 5 45 [] 25 AH 0 S R AUHE 3B 19 52
Mal, SR JHE K 2 2 R R Y b R IE B A 55 (Ferretti
ZE 2000, 2001; Berardino %, 2002). £ ik
FiPE, InSAR 7EACHE FAl B it ORI | 3R
T A R RGE PEVTAT v R ) ] 1 O FH i 5

SR, 55 7 1 S5 9 35 B8 R Rl 4 T 7 o W
e f A ke A B, S R Al i S R A AT
SRR AN B A2 3 S5 i BAF S, BRI
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InSAR A AEAZ 10 LAt 15 Jth A6 0] 0042k 170 11 155 2245 A7
P, Blhn, 8 PR S A HUH B8 AR 5 B0
THEAR R s SRR IE 5y 52 JUART e A8 520, 53 X
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Ty W X G ) AR R BT
InSAR 7 5 i AU ) Pl FE 4 S 4 T . A A
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o 5 AL BR LK T e L4 U O T B A B A
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8, 2021) . ZdBCHAER KR, InSAR ERCN 2
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JRE TR T i 8L FH 5

N F G B SC ST e S AR AR )R, ASBE
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N T IE BTN . SRR e T 5 R BRI AR K
W, BEAE 7E A B RUBE - S0 B 22 R GORS B 1) I
AR (Milillo %, 2019; Gagliardi %, 2023; F
4, 2025). SR, FR T RS B i E A Lt oy
A 23 (BB AE TN BN S PE R AFRRE , InSAR B HI Hhds
g th— ROIRE 5P . T, AT
A 5L At 15 il W D R A9 InSAR Ty vk HEAT R 2L 45
R, I ARG HAE SEBR Y v I A 32 )
2.1 InSAR¥EARMI%E

2607 T 5 AL 75 15 DInSAR  (Differential
Interferometric Synthetic Aperture Radar) J&7F InSAR
PRI F At — 2 Rk S . %07V i 25 oy Ak B
FLBRWLIN AR L i AT 73 (AR 2500 1l T
FAGL) . BEMSHL T B 10 18 B e O R IE A2 (5
B, TER R DR AR (R rp 2 35 T B
YER . BRI, TR RARER | BaE R 2E AT
e Ul o AU, DInSAR 75 4 Bk i) J7 37 Wi ) A 41K
A DX A 3 32 B 8 PR (Zebkeer 45
1997; Hanssen, 2001). M3k SeRE, F5H
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Synthetic Aperture Radar, MT-InSAR) Jrik, i#id
a2 . ZnMTwEdE, AR80rsixRE
IR ERAZFS . Hrb, KABSH KT
Il & PSInSAR (Persistent Scatterer Interferometric
Synthetic Aperture Radar) JEfcEACRYER Ik, fE
BEAE R AT i SR GO I (Ferretti 55
2001). fEid 2k 20 4R ], “A A AHAR K R 2 Mk
PR, ALF5/NIEZE4E SBAS (Small Baseline Subset)
(Berardino %% , 2002) . T 3 & H 5 43 7 IPTA
(Interferometric Point Target Analysis) (Werner %,
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2003) . Hr HH A5 7K AT 147 3% StaMPS - (Stanford
Method for Persistent Scatterers) (Hooper 55, 2004) |
BHEAR T H AR T (Zhang %, 2011) . K A 4
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PR Z U Bk, IMHES) T InSAR 7E 52 i B
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Hosseini Nourzad fll Pradhan, 2016) . #f — 2 Hb,
BT BRI B BESE & g i, O Bk TR T
DAt T B EE, SR UWE (b)) Al
Sentinel-15 TerraSAR 1 Eda 76 b H v i 4 =%
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Fig. 1 Research trends of InSAR applications in transportation infrastructure monitoring
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WEREXT E, BE T W S5 SR A rTEE 5 Orellana
% (2020) ¥f PSInSAR 5 SBAS Jrik4h &, FIH

Sentinel—1 5 CSK ${t4i % & K 2 Hy I X 2 5% i ikt
N BETTJE DInSAR F3 AT, BCEDHRIN 47 7 ik 2 TR
B BOTHEAT T 4025, Xing %8 (2022) 7EHERY
OSBRI B SE B, R SBAS 7% 5 TerraSAR-X
Bl Az BLUURR TR 51, IFXT L 4 Fhers P AR
BEAY, () 45 G /K HERCE B0 iE 1 22 K G IRS 2
Wasowski 5§ (2015) Wi ik 5 73 ## 4 PSInSAR Jr ik
SPINUA (Stable Point Interferometry over Unurbanised
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Areas) JE7R T DU IE 5 A T AR SR IE A2 1V
VIR TP SRR NI (e LR
AW, FEHSF (2018) R PSInSAR J5 ¥4 1 if
(e SR T B AT WO, R G R M T TR L R
5 e A7 100 LA D T (R s W [ A5 R - T T I
g ER B I & . Karimzade F1 Matsuoka (2020) ]
JI SBAS-InSAR A8 I 3k 17 A M X 65 kem i BE K 3 570
Pyt KRS, O 38 2k X L CSK R4 19 F5 1 #5002
B E PR R R (IRD, B0UE T E A —E
KM Ozden5F (2016) MBLASEL M BE AT T
InSAR (W, 4§ 356 T SAR A9 W I 5 v BE A% [
RBAR D FHE T RGEBR, PSInSAR R ul 1
SIS i i N 7 NS T VU 1= T S 1 A
Macchiarulo 55 (2022) K 4 H stk iy GIS 5
PSInSAR I 73 T HESL X6 S (R AZAIL g i o0 2 B
ORI Ry 0 25 T e T 22 A R e R Y I F O
BB G B Y TR A X SRS AR T
InSAR $ AR TE I8 #% -5 23 3 W DU b 0 585 IR 5 A5 4L
Ph o 518 B I HUR A% BN LI, P InSAR
(9 45 SRATS AT VR S il B A5 B Al A B 0> 2 %
ik — DR T W RE Ty, 42 AR S S A A T
SRR A BN AN FE T B, HAR T1& Ge st
TET M DU AE A, BB A A R i e DXl 25 1 52 1f
J¥ InSAR B SR (Lazecky 45, 2017),

TR S8 W D7 1T, AR O InSAR AR BT iz
TG S5 Fe R v 5 R B 2w, JUHO= e
T3 50 2 R SCAR 3 7 S 2 R %) M T v R e v
Bl . BT InSAR $52 R BE % A 24 ST 92 1 4 M
AR RS B B ROV S KV 4 i 2 (Zhao
2017, Qin 5 2019; Gagliardi &5 2021a,
2022), JfC RN T A A IR EE L S AT A Y
PREEMANL o BEoh, A A2 0K InSAR JE A2 25 2R
SR RTERIASS S, T AR R A5H ) 2
J53HT (Cusson 55, 2018, 2021) . &R A [H] 2
AR GE , IFSEE B T AR A B30 Ak B A 5
W, BT HERE (Qin %, 2018) . RHIHE (Jia
Ml Liu, 2016; Qin%F, 2021) 2R fRZEH), DI A
FHA: (CussonZE, 2021). #i¥k (Selvakumaran %%,
2020) SEOCHEMIME, R RE T HAE X Y
oWk, VG dE n HOE 22 R A 5 45 4 i
BRI . AN, R S SAR S AR AT VE A A 22
e B BT 1 R M 2 TR 0 W AR R AL
(Selvakumaran 2%, 2018; Sousa fil Bastos, 2013).

) BRI S0 5 22 38 A ) S A )
RIZH], Milillo %5 (2019) FET LU SAR Bdi %
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thif i SBAS 5 & mlifL1E 18 ZE AT S TOMOSAR
(Tomographic Synthetic Aperture Radar) % K 7k fig
R 20 [F 28 50, A ME DU SR B TF InSAR X
R YPRIEAT M . X e R 5T R W] InSAR 7E M7 3
TEAR WM | AR PEAL A I R e e i A
HEVE ), AR AE D BTy A A AE LR
JRiBR

TE K 6 W 5 T, 22 I AH InSAR 5 AR 35 4F 5k
RRPH L T, RENE DL K GRS i U4k B VR 42
UL 5 AR E FRHE (Zhang %, 2019; Luo 4%,
2022; M E#E 45, 2022), ChangZs (2017) #2i
T FET PSInSAR A9 InSAR A 7 55 48 Ji5 Ak FHLARE >R 7
e, JPAEf 22 A E R N HEAT IR UE, A 213 5%
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BRESIT IO AH T A%, IS R S0 T A
G0 W25 SR AT A M, SRR R
W — b . Luo 55 (2024) W) A1 &5 4 #E R
TerraSAR-X 4, X [ R P 53t 3k s 4k % T e
InSAR Wi, 5 vy 4 B K offe ) et 5l ok A7 % b
SRR 3 HA S8, FREM T InSAR
1o PR U R WD T S S RS B . InSAR
BRI 2R G000 A8 W i v 6 R B0 R N A
B, R 2 A VA R 0 286 20 it B W D4R 43E 1
HIHART-BE (Ferrante %5, 2021).

FEALZ WS Jy T, R F 5% 2 B InSAR $ AR
B K HL A i X A T R S T AR U o B A
BAEM. U LB ARERLE NG, Jiang 55
(2016) i 3 22 I AH InSAR $5 AR 45 & H 5T 35 55 43
M, 88 T 2 A0 FULIX K H 5 b 5 S AR TR 56
Z; RN, Jiang 1 Lin (2010) Kf Envisat 5¢
Pt 5K LI AR 25 A, U R SRR DT R
FHTHS R TRERRE M OCHE; Wu s (2020) 3
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SRR P INVESE, RE T T M AL 20
AAERIUETE AL, Il 1 GNSS 53l ORI LA
W, NH#EN TREITERME T Z2% . Gao %



802

National Remote Sensing Bulletin i & 54k 2026, 30(4)

(2019) fEdbnt i &R E PR AL M AF 5 iE— 20 R B,
UUREARTE 5 N K AL AR AR B IR O . ik Se 58 A
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Fig. 2 The impact of runway scattering characteristics on the performance of InSAR applications
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B, K BT 55 25 3 P T o DB AR T 1, A
TR 722 W I 235 R 7= A W S ey o 5 b o o 3 IXC
BT U DCORH [, 38 5 Bk I A5 A 1l JAR T BT Ak
W B EWMish . W TiEsh . Imi
TR LA R 6 T 7 i 728 A 55 DR 3R 4 2 ik — 25 e i
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Matsuoka, 2020). fl4n, K2 (¢) /R T HEILY
DXCIRTE A 6] I DG A A8 1, B T A
ML SR R S A R A i R AN B RS R A X
KN B AR HEWIR T BT InSAR 52 A B4 #i 11
AR — B, SO T A BCS ARALARY
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2008; Jiang 4%, 2020) . FEAZH SR R 2 A
BRI T IX L, X —REIe R . s H A
IUHE S 1 IE B AR L SOE 2 E S, A RESIA

F
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(a) Schematic illustration of geometric distortions
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Fig. 3 Effects of geometric distortions on InSAR imaging (The red rectangular box in (b) indicates an area with significant geometric
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Hooper il Zebker, 2007). Y4JEA7EZS 0] L 2K



804 National Remote Sensing Bulletin i & 54k 2026, 30(4)

B P B 2L, AR S A S R 2E, &
EV ey R S s AU Al Ty A T
FOR, 22l Bt e s B IR N A E S 2
AR, AnTRE . BRI AR . A 8 i A
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Tl B — I 7 07 1R AR AU 0 A I 28 52 2% iod g
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Kampes 1 Hanssen 5%, 2004), Mii#t—2H2 T
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Fig. 4 Comparative results of phase optimization using the proposed method in this study
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Fig. 5 Phase discontinuities at bridge expansion joints (Song et al., 2024) (The dashed lines in each subplot indicate the locations of

the expansion joints, numbered 1—7 from right to left)
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Fig. 6 Comparison of phase unwrapping results between the adaptive segmentation method and the MCF method (Song et al., 2024)

(The four subplots in (a) and (b), arranged from left to right and top to bottom, correspond to the four subplots in Figure 5. The

dashed lines in each subplot indicate the locations of expansion joints, numbered 1—7 from right to left)
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Fig. 7 Comparative results of atmospheric turbulence mitigation (Chen et al., 2025)
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Fig. 9 Expansion joints of the Shanghai Yangtze River Bridge with a schematic illustration (Song et al., 2024) (The numbers

in (a) indicate the identified locations and corresponding labels of the expansion joints )
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InSAR for transportation infrastructure deformation monitoring:
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Abstract: As an important Earth observation technology, Interferometric Synthetic Aperture Radar (InSAR) has been widely applied in
surface deformation monitoring, such as urban subsidence, mining activities, and geological hazards, owing to its advantages of wide spatial
coverage, millimeter-level precision, and long-term temporal observations. In recent years, its applications have extended to the safety
monitoring of transportation infrastructure. Roads, railways, bridges, and airports are characterized by wide spatial distribution, linear and
elongated structures, dynamic operation, and complex service environments, which pose high demands on conventional monitoring
methods. InSAR provides a promising alternative solution. This study focuses on the applications of InSAR in transportation infrastructure
monitoring by systematically reviewing research progress and development trends. First, based on current studies, typical applications of
InSAR for different types of infrastructure, including roads, railways, bridges, and airports, are summarized to demonstrate its potential in
subsidence monitoring, deformation identification, and structural safety assessment. Second, the major challenges of current InSAR
applications are outlined by considering the particularities of transportation scenarios. These challenges include insufficient coherence due to
weak scattering targets, discontinuous deformation of bridges and similar facilities that violate conventional models, and severe interference
of atmospheric turbulence with millimeter-level monitoring precision. Several methodological improvements are discussed to address these
challenges. These improvements include phase optimization, localized inversion with external constraints, atmospheric delay modeling, and
integration with auxiliary datasets, which collectively enhance the reliability and applicability of InSAR results. Finally, the study incorporates
representative application cases from the authors’ team on various types of infrastructure, thereby highlighting the potential of time-series
InSAR technology in this field and further outlining future research directions. The application of InSAR technology in transportation
infrastructure monitoring has already demonstrated broad prospects; however, continuous methodological and application-oriented improvements
are still required to support transportation safety management and risk mitigation adequately.
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