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Abstract

This study presents a ground deformation detection and early monitoring method using Sentinel-1 SAR
satellite imagery to address the frequent occurrences of road subsidence and sinkholes in urban areas. Due
to climate change and aging infrastructure, road collapses in cities have been increasing; however,
traditional visual inspection methods are limited by time and spatial constraints, making real-time response
difficult. Synthetic Aperture Radar (SAR) has the advantage of detecting ground surface changes even under
conditions such as rain, cloud cover, or nighttime, making it suitable for infrastructure safety monitoring.
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Study on Radar Band Characteristics of Sinkholes through Sentinel-1 Image Preprocessing

Previous studies have demonstrated the feasibility of combining SAR imagery with deep learning techniques
to detect road damage, structural collapse, and ground subsidence, highlighting the effectiveness of
quantitative backscatter analysis and coherence-based detection methods. In this study, Sentinel-1 SAR data
were preprocessed using the SNAP platform through Deburst, Calibration, Speckle Noise Removal, and
Terrain Correction steps to generate normalized intensity images. Vector layers of sinkhole and normal road
areas were then constructed in QGIS, aligned with SAR data, and statistically compared in terms of
backscatter intensity distribution. The analysis showed that the sinkhole area exhibited little or no
backscatter signal, often appearing as discontinuous spike patterns, whereas the normal road maintained
consistent intensity values. Future research should apply time-series Sentinel-1 analysis, integrate PMS
(Pavement Management System) data, and develop deep learning - based change detection models to more
accurately capture the spatiotemporal variations of road deformation.
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[Fig. 1] The site of the sinkhole incident at Aeogae Station
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WeowWE

[28 5] SNAPS Ol MO|Zufent SAR H|O|E Fg
[Fig. 5] Alignment of shapefiles and SAR data using SNAP

759



Study on Radar Band Characteristics of Sinkholes through Sentinel-1 Image Preprocessing

E B20f ZEE At YAl S ATIZ HECR A3Z i Q120 XS oW Y 2
%%l o2 X2 7|EFOE HYSIALL oY 2 E1= 72 X|Z(Google Maps)E S0 =
olstion, o[ 7[8o2 oIy Q12 3z U XHQ r-4dx IS FYSIALL i
AEE (O 49 Z0] WGS 84 7|Z=22 QGISO| 2&st0] A3Z FMH(Point layer)2 2 AlZ4s}
SHRACE
0|F, AlZStE A3E FAUEE 7IFC2, QGIS M0AM AA =2 Lf m0] LddHS He=z
FYaE HRE 1esto] Aazs U XS E2|E(Polygon) FEHZ ZESIQICH (OF 519 Z
Of HuE 9ot Y& £2 #7te Y HACR QGIS H0AM HEo| ZE2|& Oo|o2 Mdst
Fon, sied 72 2025 48 132 7|F T o0l Y Y2t gl XYezE MBI
Ct O] 4d%t shp T2 HIOlE{2te] B 2M0f 2&3HRACt

SX ChOl YAZ WY YT HDTO BY T2 Y0 CfE BIH saR

mjo ot

o
oA QGIS 0ilA 2443t sink_hole ﬁnal(é,'ﬂg 9 =23
2 g9 E2|3) HHE 7|8tO=2, SNAPY| Statistics =TS 86t intensity

M Ab
(X<

7] Use ROI mask(s):

foeign pnpold

sBeuEA BN [y

P75 thresh.. 00000 3

: o 2 o

P80 thesh... 00000 & o0
5

select all [ Select none:

5« 8 09 2 0 s e
Value Percentile (o)

2550 25,1 252 2953 2954 2555 2556 2957 2558 2559 2560 0 1 220 2 4 s 6 70 s % 100

Value Percentile (o) Py )

[ 6] sink hole final?t norm road2| SNAP Statistics H| 1l
[Fig. 6] Comparison of SNAP statistics between sink hole final and norm road

760



Journal of Next-generation Convergence Information Services Technology
Vol.14, No.6 December (2025)

SHZ, 43Z LY X|Ysink hole fina) FAAME ROL BFAZ LI F&SHH AMtE §
Mo| EXSIA| 4= MO QTR Ol ST Y U inensity HEOA BHAISI} Aol g
JLh DA Lol 24 Jhs 93 HMo| ZNH %8S 0/t ZIHOE SNAPOA L
W@, EEEA, Y% SO X0 BE NaNOE M2lSQith T3, HM EE SlAEIY 4

AME y= 0| 5e9, 5e9 HEl W= +HEO A0 ALY 8l T8 20| 72 oS Bl

14=A0| ROI LHO|| EX{SHH, O|F2| intensity 242 &=

WL ", SYU, A, HELL BF 255022 350, #EH
= ofojetot.

GAO| Intensity VV 21 AH Y

=27t Bt FREX Be A= LIERRCE 4

log10(Intensity) 7|& 960 A 4.44 AO[Of AN = AHLHO[ Yot AN0|3 A

7
s @ﬂr, £ 9
o =
S 20lon, MY E2E 40004 500 A0 AR 7HZe| ATo|2S0| B9t

k

d

Histogram for Intensity_VV Histogram for Intensity_VV

oottty R A A A A O AR A0 A A2 A AW B etoor ety W
[2& 7] Intensity VV2| &A= BY, HYEE S|AEYM At

[Fig. 7] Histogram results of the sinkhole area and normal road for Intensity VV

5. 2B g

ot

A7

= AF0ME 20258 48 132 M= OFET 74 220N Z¥et 435 AHE SH2
2, Sentinel-1 SAR OB 28 AL H= X|Ho| Zf0|E HHAL 58 E45 +ASIALL ASF
SAZO0AM =St sLC HIOHE sNAPS S3 TAZ[SLL, QGISHM 758 438 3 Jd =
2 Yool g FRE J[HeE A 24 U intensiy £X HWE THSIQACE 24 ZAut A3
g SY90ME B¢ 20N intensity 242 AHO|7H TYSIRAXT, HH AF2| intensity 7|
2oz JIA=S e BXIOH| fliM= ol HdEE EXettt

761



Study on Radar Band Characteristics of Sinkholes through Sentinel-1 Image Preprocessing

AW, 2N 3z Ee £=2 pE0| Tt KO et FE FIA HIO|EA0| RSN, &
G| oot gEet fix|xtre S2EdM 24 27 JHsg0| EMI =M, Sentinel-1 SAR
]
x

HOIHE s

2 37t A7 @7 ELD 2

, E2 Ot #2| A|AE(Pavement Management System, PMS)OﬂA‘I +3El= AAE HoE&ER

d StO] HCH HAUDH Al
s 24 ™S SO0 St 3], SNAP 7(‘|X‘|E| O|= MintPy 52| A|AE 24 =4E ¥

CHY AIEO| Ot &X B2k J|Hto| A WY EX7t 7tsE A2Z 7|fE

B T
ke
re
gt
p_lp
o
]
a
g
8.
=
X
2
‘é’
i)
)l
B
g
a
2
o
=3
w2
=
8
(¢}
é
=1
ol
o
re
A

= [=] 5
ot E2 g9 oiaZd % "ed 7|8te| NEatE Hat B@X| REE TS, +2F Hal Jtsd
O &2 X|Yo| A Al % 0|F =t 1E3E FXGH0{0F ot 2 AF0ME 244 SAR
HIO|HE &8%t £ md ZX| 7t oHAE &olsty gke 7|X=Xt2E E8E 4+ U2 Ao
Ch

References

[1] S. Karimzadeh, M. Ghasemi, M. Matsuoka, K. Yagi, A. C. Zulfikar, “A Deep Learning Model for Road
Damage Detection After an Earthquake Based on Synthetic Aperture Radar (SAR) and Field Datasets”,
IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 15, July 2022,
pp. 5753-5765, doi: 10.1109/JSTARS.2022.3189875.

[2] N. Kopiika, A. Karavias, P. Krassakis, Z. Ye, J. Ninic, N. Shakhovska, N. Koukouzas, S. Argyroudis, S.
Mitoulis, “Rapid post-disaster infrastructure damage characterisation enabled by remote sensing and deep
learning technologies - a tiered approach”, arXiv preprint, vol. 4, April 2024, pp. 1-42, doi:
10.48550/arXiv.2401.17759.

[3] P. Washaya, T. Balz, B. Mohamadi, “Coherence change-detection with sentinel-1 for natural and
anthropogenic disaster monitoring in urban areas”, Remote Sensing, vol. 10, no. 7, June 2018, pp. 1-22,
doi: 10.3390/rs10071026.

[4] J. G. Cha, S. H. Lee, S, H K. Kim, “Deep Learning-Based Detection and Assessment of Road Damage
Caused by Disaster with Satellite Imagery”, Applied Sciences, vol. 15, no. 14, July 2025, pp. 1-16, doi:
10.3390/app15147669.

[5] R. Fan, M. Liu, “Road Damage Detection Based on Unsupervised Disparity Map Segmentation”, IEEE
Transactions on Intelligent Transportation Systems, vol. 21, no. 11, November 2020, pp. 4906-4911, doi:
10.1109/TITS.2019.2947206.

[6] Z. Sun, H. Geng, Z. Lu, R. Scherer, M. Wozniak, “Review of road segmentation for SAR images”, Remote
Sensing, vol. 13, no. 5, pp. 1-14, doi: 10.3390/rs13051011.

762



