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A Review of Urban Building Complex Deformation Monitoring and Safety Risk Assessment Based
on Spaceborne INSAR Technology

ZHOU Yun"®, CHEN Jianwei’, ZOU Shaohao’, HAO Guanwang’, ZHOU Xiaofeng’, ZHU Shiqi’
(1. Hunan Provincial Key Laboratory for Damage Diagnosis of Engineering Structure, Hunan University, Changsha Hunan 410082, China; 2. College of Civil

Engineering, Hunan University, Changsha, Hunan 410082, China)

Abstract: As a crucial component of cities, enhancing the deformation monitoring and risk management of large-scale
building clusters contributes to the future development of an “urban health examination” mechanism, thereby advancing
the governance of urban public safety. Spaceborne Synthetic Aperture Radar Interferometry (INSAR) technology, with
its advantages of wide monitoring range, high precision, low cost, and minimal weather interference, is gradually being
applied in the field of building safety monitoring. This paper reviews the research and application status of this
technology in the monitoring of building structures over the past two decades, focusing on technical characteristics,
deformation identification, and risk assessment. The main contributions of this review are as follows: it systematically
summarizes the commonly used INSAR technologies and satellite systems for building structure monitoring and
evaluates the deformation observation accuracy of these technologies; it categorizes the causes of deformation and
reviews the current research on deformation observation of building structures using this technology; from a
spatiotemporal perspective, it summarizes the structural risk assessment methods based on this technology; it highlights
the limitations of this technology in terms of point acquisition, monitoring frequency, and three-dimensional
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deformation decomposition, and discusses the future development trends of multi-source data fusion monitoring.
Finally, examples of building deformation monitoring and risk assessment are provided using high-resolution and
medium-resolution satellite imagery, respectively. The comprehensive review of current research indicates that building
structure deformation monitoring and risk assessment based on spaceborne INSAR technology hold significant potential,
and the deep integration of structural engineering theory and multi-source monitoring data is expected to further

improve the reliability of this technology.

Keywords: structural health monitoring; review study; INSAR; building deformation; risk assessment
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1.2 PSI HiAR

T D-INSAR AR BN MR B Rt
T AL, RNTEFRRE R teAh, TR
FEPINE SAR SR VUM H AR, S EOLICIEIRIH b5
HIAS T[] P31, ANH T e B4 s SRR 40 A6 AR T 1
M. fEMLIERE B, Ferretti ZBSIE6 T 2000 4E4EH T4
#i PSI iR, HOEREET, M NIE SAR 1%
e 1 ISR N AR, BOEE AR N-1 TR,
I J JE R A7 B8 22 AT R S 2 AR, AT R
BORME RN Tk, RS 1) SO R AR E K A
& (PS) , HFET PS rif)& BALK M SIEAR K .
PSI BEAR AL AE T-XF PS I8 2% rr A5 — FE 2L 1 i 1Y) 22 5
TIARRLBEAT HER A AS T, AT HER IR0 s AL AT
G2 TS AR R N (2) R, A,
RANTPEEFE G HFRHIRER, 2 NEEEREA, 0
NGRS A8, Av R ARTE 43 BN HE PS i %
EMEIERZE, AT M B, 735 5500 P gz
BT (R B4 570 () e B 2L, Ag,, WA

4ﬂ&'AmE+A@a )
né

A@Z%%ATAV+

X R B AR AT DU S Y PS R TEAR I,
ELE THIGT 5 2 S AR R % A SR P 2 e U P AR T
25 oy ™ B AR T S W 22 . NI, Monserrat 7£ 2
(2) e T EED, 2 T (3 FispidhfE
FUAHRLAE R0 b, ATemp AN R R s 20056 17
MR %, AThe NAHIE PS MK S B2 %,



=1 ERTEATHRYENE SAR BERLE

Table 1 Satellite SAR systems commonly used for building deformation monitoring
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Table 2 Characterization statistics of INSAR technologies
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Table 3 Research on the measurement accuracy of building deformation using InSAR technology
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Fig.4 Settlement of buildings induced by self-weight
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Fig.5 Observation of temperature deformation in buildings
3.2 ARTFHERFLLTR

RSO ATFIRE R BRI E S, BN
BRI T K SR RS E T S 0BT s R )
WA . W WAG A T H T 28T A A
AFEGUTYZ. R K, Sk Rk
3.21 HUFIKIFREER

B3k TR PRk, AATT6T 3 K Ry B R T
RE-P B0 T /KAL T R, T 5 RS [ P A SR
—MRAIEBLT, X R BB T B sk A e,
A B YT e 1 53 KA B A AR DGRk AT
5. Hussain ZEESIAT Gumilar 2EMA gt — B0 70 45
AR, H R K BT RIE 7T g 3 BUR ) TR
H T3 KT R 3 B i AR T AT AT DLKIE T P e
R AAFAE, ARG A AT W 77 1252 IR T
ORI B H, M AR R IF 0 T MR AT . B AR
INSAR HARIRIAAET, AT i R i BRI F 7K
(AN S SRS N A 824 1 MR SR I
T, A7 BT ST XSG Y90 A4 T v 38 e S 1 1) 7

S AR TR W 0 1 M 2 A T 1 R AR 4 P 3R
B, B ] % 3 Xl 7K I 73 AT I B M, 7K
ALK IRt . [RIE, bR K A 1] 43 A

ANIET, CARAS IR 32 3R KA AR Ak 5 3038 R
JERPEARTE, 3BT RS 1 AT M
322 HIFREREFIZHRER

M EZ InSAR AR AT LA b 8 30 7E & 1 it
HT A B FEHEAT R X b, 3R T 1R IR B T
B E BT . fEREIFZ T, Barla 2504
BAFIH SAR B2 THIUABERAAZ FEL K P A LOS
AR T A R, WA S T 3 T Mk B T AN 7R
LXK TR B 8 ) RO [ R 3% . (HRE AR, &6
YW TR IAEREIE TFZ0 , SRR I (R A7 /R R
FIAE EAE ] - Giardina 251 F B £ InSRA HARILA
BEIE IR 2R T THT 5 R I, B (E 2 B3 Uit
B0 T (LA, BV S SRURT b 35 [B) 7745 R 4 IR A AR T
HE—P i, Yang ZUSURIL, FEHLURBEE ISR, @
BRI R A7 TE 2 AR A, X e m T AR
TE TS 4. Ak, TERRIER TR RNIZITIY]
W, Perissin ZEMURHL, T kST L2
3, oS B EE e —E TR .

A S0 R R 7K 55 7 U0 e R T 4R i AR T
WEINR, 52 21 W I RN W A 1 2, AR T B
NN FEA R MNTEE, 78S 8RB 5
Bt . K INSAR FA I AT DA vy 24 7 56 B 1 W 26 BT A7
A, TS W ROR (0 R AR KT 2 I R A . (H
M IR AR DA TSR AT L, 52 B R it T 5K
Hb A 1S 22 U TR 3R RS, TR RS T2 3 80 |
RN TAE AT NG SR, FE A R —
SRR B LOS [0 REVEIE AT IR . BRIk, an
FIRANTZHE R 2L INSAR HE AR AR TL 4551, £ 0IA
A TREMISEPRIE O, 32 H A HAL I 55 2B T FE br
B E 715, et — D3 R R 2 INSAR HRTE AR
TV B 0 i P 1 ) S
323 MR XIFREE

MR B K AT REAR KRR AR AT R S B AR
PE, AT 5 R BRI, #5158 SAR R TE
iR T AR T ZEBEE LT, AT fRAE @4
(R S5 3R B, DL R T A7 R S R P O T AR ] 22
PRI AR E . 7R3y S A% 7 T, PR A
SBAS-INSAR 7 A 2 AH 5 14 05 1) T s AR 0 4
G, E— R ErIREAR TR, IR 3 2 58
FAF #5005 AR T 43T 1A 5 T8 78 K AR 37 1R 1 7
M, FFIFH D-InNSAR ¥ R4FHH Xyik, IFET
Boltzmann iR ZUI A fift PR 28 R 3 T v 30 Sl S
B A, R E R RO X R IX K TR
MO, geoh, FAEMRIENZ, B X BRI
WA BRAAAE R BT MR e, —J7, kK



(YT R = rT RE 51 B SRR [ AR 4 0 S — T
T, A e R 7K R X 1) b 2 300 v e R b R
FLBR K 7 () 388 DK 1T A7 1 1B i) g e AR 11200,

BT X REAREAEE KR, AoKENE. 4
SR . GNSS Ml S5 vl T s B E AR, G
EEROR A X . 2T, E#H InSAR #
KRR FTWe S SERAEN X P, BIAT m R EE
XA M b R . B— T, BT R
JE K, R SAR TR e M E IR IR+ B R T
FERE SRR, P AR s/ B I3 R 9 AT
BN TEEZENE, BT X @] ReFR 77
B[] R 7K 1) AR T, R R) FH S — A 1) SAR TLAE
AT BEAEAE BRI 22 o
3.24 HE ANt THZE

B FIR NN TR RS, A ek s g S 4546 N
AR, BRI LT KR T RE VG 2 1T e 5 2
R E DMK E . BT LRSI TR R
RIEFBARITE, HTERASEMERALA
—EM R A TURME, IR Rl 5 8 A
e A f. 2R, HTEMIEAR IR R
FIWR, SUR LSRR R T B R T Az T
ERERNNTIEZR. W TFRIBR, HFE RN
M SAE TN AR T B AN A T . BAR O
W TR R INSAR Hi AR L 44 U)X Fh it i 3 AR
TR RE A28, (B AR B 4 e ) B B R
BEANNERFRM B FiEG. FE, BT SAR A
FEAN I RS R, DA B A 4y AT A SR A FLIE Y
T RIBA R RN, 536 iR 0 S i AR TS B & 2k
Wb, I K 2 T AR 2l PT R A g 0 L 52 AR
B, SRR RBRARED, ZIRT SAR LEZ
R BB R B, 06T IR I 0 A2 % InSAR A7 A
TR ) e 1B BN R
3.3 BEARERFLLTH

ASCHTR F AR =5 R AR 2 B4R, 1R
ANRTIERT, BRI AR o i sl g 51 AR
o —REMR R AREHE. WL AR,
331 HERER

RS REF T ERRHARFRZ —, FIH
B INSAR HARTF R SRR J5 R Pl B A B
Fo — I, B HFE TS PR SAR SR TR E
ISP, 0 LA RO S 2 5 X Hh 72 A S
(AR AR, 3R T F XS R PP A 12410280, 5 — iy
T, FIFH R B InSAR $ AR A AR I e B 26 F 1
AP R e M HEAT s BA MR I R28) . Sciortino ZFU2THIAF 5T
RO, BT R ARG MR R SR R R,

PR 5 BN WA AT e R S R R A
BN IEA S . PR HhE 2 R XK, Rk T 45
A B INSAR BARTE AU WA 35, %o 7 X A 30
TR AR LI, 3T 5 b 72 A R R A 2
B E AT, TSGR R b RS 77 A R T A T SR 45 R A
o 25 R EIEE INSAR HA MM 11 572 X BT A&
i b AR R 2 i R BT AR T, T R B A A2
PR PERI RIS, X IR T AR AN 4. I,
SXoF T b R AR O 0 SR AR T I A SO B I 285 R
332 PEMHEZE

B R @R R KA 7E, TS R KA B B
USR5 & I b SR 2k AR Ban2e]
R X, BPOALREWNKBN G KK,
SEER G NSO N EZ AR, TR
FbAEIAHK RA I Z R, HEmPEN T A FEH 0] 6
HH I R A T R BE AN AR RIS, Ak, pl B W %o
TR A O, B FTRE IR O R AR T
B AR MRS, S T R AR R E X A
IXAREL G T 0 g R s RS BRI R, Hb i
DR Tt S b o] BETE SZ AR, FF b [ M 0 AR N T
B, K, A # InSAR HAR M B AL T
FZ KA, AR AR L s 2 I e
AR EE . WA BE, BWSEERETZM
DRI F R Z KBRS, BT HRAKBAN
bR T B (R IR), RIS R TR R TR AT REAEAE
—E MG RN . IEREOLR, SRR A AT 2
ET PRI, 23 B8 I R 45 AOR 2 S K b T
R, ETF R bR A M B, S W =B A
TS I R A S A, AT I A N A
T SRS AR ARy AR AR T .
333 TR E

TR S B IR 2 A T R 5 Ak
MR X 3k, SRR TR A R 2,
BRAFAE ) AR 4y B oh, B I A7 10 2 3 A AR 7 ) )
B IR PR & AR T L, Pratesi %
(I AF 72 45 FAE R 7 2% InSAR H AR R PR RGR 51
Al LARIE RS SRR SEE . SR80, B InSAR £ R
T B X & EH KRBT, gk
HRE R I e S b L S | P i Y 2 )
[l BRAff 11 DX 3, AP SRE @ 30 LOS 17178 K E 2 [l ie
T R e M, HE I SRR AR B R AR R R (134 5t
TR AW, AT RE R TR ORI,
FRAS B R SR 1) T L IR EOZR 7 [ R A o ), IR RS
TR RS TR, RS S EUR SR A R
EER NI B . U TR EAE A, MR RIR



A MR ), (AR SRR R, OSSR R
AR ARTE, FEAR G e i A5 A A TR My =R IX
FhARTEAS 4 B AR Z R, % InSAR £ 1] LA
BRI PR B S R, TN RO IR A R X 5
P 5 1 e A A (1TI38

AR RE R A X B R A e, R
| INSAR BARHEE [+ B S BN S T AR
HEMRR AME. AN NERS . HhT+
IR T R HAR R SR RS A 5 Pk
BRI R, FNEEEZ RS &, H
HEE L INSAR i ARTE 2R 2 W L 17 1 B8 K i A
Mo EAA T DUEE 2 TR PGS W 7 A — e R
P oise, EHT SAR TEHE S5k MR
/Ny SRR AR AN, SRR =4
o i e fridt— b 5e 38 . eAh, ELAEBKX
AR HL A B PR 7 o 2R, TR A0 7 IR SAR 1%
BRI AR, 30 i s PR 30 5 AR AR T U DU K 5
[P A2 SR T WAL ) 2 5
3.4 ZERBEFLTK

T4 BLETHRRNERW T ERE WG &
FRAE, (HSCRRMEN SR AAL R 2RI A
B TR SR E G R, R
AT G Wi A AR 0T b B ] 2 BT it T R AR
PO 1y R K R AR A RS A 2 o L
(o FEIRIREICIR, iR AR I AT g5 XU 80 A 1 22
TERG A I08], a2 e S L M s, St S [ 45 T 1%
W25 5 5 Hh R KA 5 R AR L IOIRA | B R i kAR A 112
REMEG. EHEREBX, BREWERIE Y23k
N ISR s m e, ghah, Wik 6 frzn, Sheng 014
X BT 1 R AR R fa AL B TR TN, R Ik
TV R 7] g 52 21 Hb 1 o 28k 55 52 2 N CRTE 3R 3R 52
Wi, 75, Chen SIMIHTFr 4 BEH],
BTH—NRFEMBREWER, ZRERETS
U AR T LA T e A U

FERXMENL R, — TS5 E# InNSAR FARAE
IR i s o T INSAR HAR RIS 2 I 2
HARAAGE T RE, RIS AR R AR AR R 4 TR Lk
PEEARLR AR T A 3 A e, 7 A0 P A A e i) i
(515 S SR/ N AR T S 58 1 i 22 049 7 — TG, J
T A AR A 2 o 50 e 5 A A AR i B R A At
Zhu %5140 Han 5080153 558 3k 22 T A 0L A& R0 & 5 o
B (SSA) (575 AT AP R BT, A ORI B%
2T, MNTIT & o R S0 S 0 A8 T IR R I RS B < ad sk X6 LOS
A, (E—EREE L3R T g A T
CERRTRNTIE . SR, FEARTAMRET, RS

TR A THRE R, R R AW I 45 SR AE
Feflt, XFEAR T ORIE FE SR 7 AR T AR AR
[FS, fEEZ I 55 BSOL T, 23 InSAR HR
P KIS € R 22 fiAE LA, 5y 0 i i a5 i A2 T
PG G . B, 1R AT AN SAR T2 HURR 0
MR, RGEMEALE [ EE@RE B &G
THRIZRBTEA, R E 7 PR iR A AT &R
Bokorik, JHREETZARBuRLBRH N EEER
SRR, 25 BREH, 7] A RO g
PR AT 22 AT E 0, A RO )
W AR 1R A FMBRIAETE -

&4 FEFETEFATMEHE
Table 4 Characteristics of building deformation under

different inducing factors
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Fig.6 Subsidence monitoring in Beijing
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