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Fig.1 The appearance of car-borne dual-antenna INSAR system
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Tab.1The main parameters of car-borne dual-antenna INSAR system
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Tab.2 The main parameters of POS
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Fig.2 Geometric sketch of car-borne SAR imaging
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Fig.3 Flow chart of deformation monitoring for car-borne dual-antenna INSAR system based on zero space base-
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Fig.6 Interferometric phase images. Figure (a) is the interferogram of the first group of car-borne SAR data, Figure
(b) is the interferogram after using Goldstein filtering algorithm for Figure (a); Figure (c) is the interferogram of
the second group of car-borne SAR data, and Figure (d) is the interferogram after Goldstein filtering of Figure (c).

- nrgs ARPAL) T

g ., E :

" 0o i 0.9

[’EJ 08 IJEJ 0.8
0.7 0.7
06 0.6
05 0.5
0.4 04
03 0.3
0.2 0.2
0.1 0.1
0 0

@ (b)

B 7 R E b R T R A



Fig.7 Coherence coefficient diagram of interferometric pairs in a set of data

BRITARGL)E, AR 2.2 7514,
A FIAS SCHE H ) 2% 22 (8] L 28 4238 D-InSAR
TR HAT AR AE AR, AT DL G 4T &
AR AL AR BE, P A I8 A 2 R ATV BR
AL, BEEGREAAMAL. (H2hT
TIARGL P A AL B AE [—m, mVE L, A7 A
2km(F R PR 5, TCVA AR SE AR,

7 L fil

1T

JiiEl
= 12
I

(@)

RRCZ

JiEcl
=
i

PRI AEREAT A TS A, A 200K T80 A
PEREATRGE o AN SO (0 4 595 0 o /N
WHR AL, | 8 &g s kI,
FLVE BT B R RO g 58 R T
SREUH R, BEAFAR X AR {7 7 25 7] 1
SCHL T S AT, RUAH QR AR 2= Z 18] 1
N Z A S

YAEVAL] T
_—

IR

(b)

B 8 fif 8 f T AR AL B CFf S S S AE A I T8 AR 6L BT v B B2 B/ IE DT TR A7)

Fig.8 Interferogram after unwrapping (The position of the corner reflector in the unwrapped interferogram is indi-

cated by a small square)

i e 1) TP ARAL 5, R i A
TN~ K (14) BT AT 153 2T AR 45 2R
N T VPSR 27V T 543 B R AR 45 2R
MIRE L, BB BRI DX 7 S U
P, IR B S B A T A A
FUSIC A 4 1) T AR AR R 20 T 8 B K T2 A A 2
i S s RO b AT S B A R, D
i ZOR U SAS BAL LT 7 TR A2 00 g N
e BT AN KT R, 88 e R 2 EL T A Y
J BRI SR B PR A G R R A AT
PR 2 4 5T 7 DRI R SE
ARG, wJUER, 155855
RS R Z XK, £ 3 mm~4 mm

i, HARSIRAR NS R Am =8N, 1E 2
mm P, ¥J7HRIRZEA RMSE=2.206 mm,
BPFI 223 () B R R 30K 26 InSAR R4t
BT AR BRI RS FE BRI IL 2] 2.2 mm.
15 5 55 S E S E 51T R
FMZERR, AN HATRER R A LU L

(D MRS mE SRS IRE.

(2) AT FH A Sl A5G 52 S 55 2 ()
UM BN A e 2

(3) BUERCRMR I, f RS
BT AN, AR R 2 20 .

R AW THERER
Tab.4 Deformation results
J=Rs 1 2 3 4 5 6 7
B IEAR (mm) -10.0  -10.0 10.0 -10.0  -10.0 10.0 10.0



THEIEAE (mm) -13.1

-10.0

11.2 -11.8 -14.3 9.7 8.9

4 B4

ASCHEH T TR A A HE LR R R
2% INSAR RS AR IR 751, eI
T XSG AT IR IE 004 45 3% 0 3 A
SCH AR T AR E R B BR I8 2] 2.2 mm.
FEF T3 A HE L D-InSAR 7V RENS 8 T
WAL TR b LA AL R, MK TRIE T
# InSAR ¥ ab B IR, [FIN, A A
MIZEEL InNSAR RGUATU/N, BRI ARYE L Fx
BRIV, )TN R A B
Yo A I B A E W i SE e . HU R
WIS, 3 InSAR BRI KA LER
FEAEARR R ZE AR A B

WEULHM R, AR “F 2
JH 2R A W AR AR 3 LA o v N I A
P TH] LRI X8, 3 S Bl AR AN
ik 20 em, XL TR RS R A R AR
N o N I8 B WX AN, TE TR B ARAIE B
T —EE, FERAE POS ARG
S (A R 2R, AR T SRR A AT I
1E; [FIENFIHEAEER POS R4l kR4
MR AS, DUEFAT IR AR AME . R
) 2 28 3k K, bk T A 2R AL YT+ A 4R
INSAR R4t 3% it TAE, AHBNCE
XIAREL INSAR RGUHH SRR HEAT HE T 3
17 T REGIGE, AH ¢ TAE WoCHk[22] -

A SCR AL 75 4% WA AT v (R Uk
I R M R 2 () 3 2k, BV R H 3h
BRI RPRE, TIEL LSR5
BEME S, R INSAR REx #%
AT T A% W W ) L P R 2 BE )2

2 % W

[1] Lazecky M, Hlavacova I, Bakon M, et al. Bridge
Displacements Monitoring Using Space-Borne
X-Band SAR Interferometry[J]. IEEE Journal of
Selected Topics in Applied Earth Observations
and Remote Sensing, 2016, 10(1): 205-210.

Colesanti C, Wasowski J. Investigating Land-
slides with Space-Borne Synthetic Aperture Ra-
dar (SAR) Interferometry[J]. Engineering geolo-

gy, 20006, 88(3-4): 173-199.

10

[3] Closson D, Karaki N A, Hansen H, et al. Space-
Borne Radar Interferometric Mapping of Precur-
sory Deformations of a Dyke Collapse, Dead Sea
Avrea, Jordan[J]. International Journal of Remote
Sensing, 2003, 24(4): 843-849.

Esposito C, Natale A, Palmese G, et al. On the
Capabilities of the Italian Airborne FMCW AX-
IS InSARSystem[J]. 2020,
12(3): 539.

Frey O, Werner C L, Wegmuller U, et al. A Car-
borne SAR and InSAR Experiment[C].2013
IEEE Geoscience and Remote
Sensing Symposium-1GARSS. IEEE, 2013: 93-96.
Frey O, Werner C, Hajnsek I, et al. A Car-Borne

(4]

Remote Sensing,

(5]

International

[6]
SAR System for Interferometric Measurements:
Development Status and System Enhance-
ments[C]. IGARSS 2018-2018 IEEE Internation-
al Geoscience and Remote Sensing Symposium.
IEEE, 2018: 6508-6511.

[7]1 Antonello G, Casagli N, Farina P, et al. Ground-

based SAR Interferometry for Monitoring Mass

Movements[J]. Landslides, 2004, 1(1): 21-28.

[8] Tarchi D, Casagli N, Fanti R, et al. Landslide

Monitoring by Using Ground-Based SAR Inter-

ferometry: an Example of Application to the Tes-

sina landslide in Italy[J]. Engineering geology,

2003, 68(1-2): 15-30.

Simons M, Fialko Y, Rivera L. Coseismic De-

formation from the 1999 M w 7.1 Hector Mine,

(9]

California, Earthquake as Inferred from InSAR
and GPS Observations[J]. Bulletin of the Seismo-
logical Society of America, 2002, 92(4): 1390-
1402.

[10] Osmanoglu B, Dixon H, Wdowinski S, et al.
Mexico City Subsidence Observed with Persis-
tent Scattererinsar[J]. International Journal of
Applied Earth Observation and Geoinformation,
2011, 13(1): 1-12.

[11] Agram P S, Simons M. A Noise Model for In-
SAR Time Series[J]. Journal of Geophysical Re-
search: Solid Earth, 2015, 120(4): 2752-2771.

[12] Osmanoglu B, Dixon T H, Wdowinski S, et al.

Mexico City Subsidence Observed with Persis-



tent Scattererinsar[J]. International Journal of
Applied Earth Observation and Geoinformation,
2011, 13(1): 1-12.

[13] Z4Rit, RE, RIR, % DEGHIXEREREY
9 T PRI 00 e 14 7 - kb 5 % 3R ] i
K2R« 5 BB, 2019, 44(7):967-
979.(Li Zhenhong, Song Chuang, Yu Chen, et al.
Application of Satellite Radar Remote Sensing to
Landslide Detection And Monitoring: Challenges
and Solutions[J].Geomatics and Information Sci-
ence of Wuhan University, 2019, 44(7): 967-979.)

[14] BRER, 8T A, #IRAL, 5. & HL %K FH
SRR ) v S e SN ) S S ],
BBURZE AR « (5 BARMEEIR, 2019, 44(7): 949-
956.(Ge Daging, Dai Keren, Guo Zhaocheng, et
al. Early lIdentification of Serious Geological
Hazards with Integrated Remote Sensing Tech-
nologies: Thoughts and Recommendations[J].
Geomatics and Information Science of Wuhan
University, 2019, 44(7): 949-956.)

[15] Corsini G, Diani M, Lombardini F, et al. Simu-
lated Analysis and Optimization of a Three-
Antenna Airborne Insar System for Topographic
mapping[J]. IEEE Transactions on Geoscience
and Remote Sensing, 1999, 37(5): 2518-2529.

[16] Zhang Lin, Yan Jun. Analysis of Ka car-vehicle
Borne SAR Imaging System[J]. Science and
Technology Innovation Herald, 2011 (24): 27-28.
(FRI, HZE. Ka FIBER SAR R RG 01T
[3]. BHEAIH 34k, 2011 (24): 27-28.)

[17] ZREeh, 2ok, 23057, 5. BT AL B sl

125 T A 1 0 e B A& M DA 7T 5 80 A [3] eRBUKR
2R oo {5 BB R, 2019, 44(7): 1093-
1098.(Li
Wenliang, et al. Research and Application of

Bingquan, Li Yongsheng, Jiang
Slope Dynamic Monitoring based on Ground-
Based Real Aperture Radar[J]. Geomatics and
Information Science of Wuhan University, 2019,
44(7): 1093-1098.)

[18] Ferretti A, Monti-Guarnieri A V, Prati C M, et al.
INSAR Principles: Guidelines for SAR Interfer-
ometry Processing and Interpretation [M]. ESA
publications, 2007.

[19]Goldstein R, Werner C. Radar Interferogram
Filtering for Geophysical Applications[J]. Geo-
physical Research Letters, 1998, 25(21):4035-
4038.

[20] Costantini M. A Novel Phase Unwrapping Meth-
od based on Network Programming[J]. IEEE
Transactions on geoscience and remote sensing,
1998, 36(3): 813-821.

[21]Dai Guomeng, Pan Bin, Luo Tianwen, et al.
Coordinate Location of Corner Reflector in Ve-
hicle-Mounted SAR Image based on Scale
Space[J]. Bulletin of Surveying and Mapping,
2020, 4:1-5.(HRIE B, Wk, PR CEE. BT RE
2100 R 28 23 SAR S AG A bR E AL ).
Mz i@ 2020, 4: 1-5.)

[22] Luo T, LiF, Pan B, et al. Deformation Monitor-
ing of Slopes with a Shipborne INSAR System: a
Case Study of the Lancang River Gorge[J]. IEEE
Access, 2021, 9: 5749-5759.

Highway slope deformation monitoring based on car-borne dual-antenna INSAR
system

LUO Tianwen*? LI Fei' PAN Bin® SHEN Guangbao® CHEN Tong? CHEN Jiaming®
HAO Weifeng®
1 State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan 430079,

China

2 Guizhou Survey and Design Research Institute for Water Resources and Hydropower, Guiyang 550001, China

3 School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079, China

4 Key Laboratory of Digital Earth Science, Aerospace Information Research Institute, Chinese Academy of Science, Beijing, 100094

5 Chinese Antarctic Center of Surveying and Mapping, Wuhan University, Wuhan 430079, China



Abstract: Objectives: Differential Interferometric Synthetic Aperture Radar (D-INSAR) has been widely used in
large-scale surface deformation monitoring. However, the surface deformation obtained from spaceborne SAR
data is easily affected by atmospheric noise, and the long revisit period leads to the incoherence. In order to effec-
tively reduce these effects, this paper proposes a method to monitor the deformation of highway slope by car-borne
INSAR system. Methods: Due to the orbit control of the car-borne dual-antenna INSAR system, the spatial base-
line of the interferometric pairs is close to zero. Therefore, when the D-InSAR data with this system is used to
extract the deformation information, it can avoid the flat phase, which greatly simplifies the differential interfer-
ence processing process. Results: A certain area of Wuhan, Hubei Province is chosen as the experimental area.
Seven corner reflectors are deployed in the test area to evaluate the accuracy of deformation information extracted
using the car-borne dual-antenna INSAR system. The deformation of seven reflectors is calculated by using the
method proposed in this paper. The root mean square error of deformation between the real value and the calculat-
ed value is 2.206 mm. Conclusions: In this paper, a deformation monitoring method of zero space baseline using
the car-borne dual-antenna INSAR system is proposed and verified in Wuhan city. The D-INSAR method based on
zero space baseline can avoid the process of the flat phase. At the same time, our system is small in size, and the
design of the trajectory according to the actual needs is flexibly, which is very practical for small-scale highway
slope deformation monitoring. Because of the small revisit period, the car-borne INSAR Data will not produce
phase error due to atmospheric delay, and the deformation measurement accuracy is high.
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