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Abstract

The construction of underground infrastructure is garnering growing increasing research attention
owing to population concentration and infrastructure overcrowding in urban areas. An important
associated task is establishing a monitoring system to evaluate stability during infrastructure construc-
tion and operation, which relies on developing techniques for ground investigation that can evaluate
ground stability, verify design validity, predict risk, facilitate safe operation management, and reduce
construction costs. The method proposed here uses satellite imaging in a cost-effective and accurate
ground investigation technique that can be applied over a wide area during the construction and ope-
ration of infrastructure. In this study, analysis was performed using Synthetic Aperture Radar (SAR)
data with the time-series radar interferometric technique to observe surface displacement during the
construction of urban underground roads. As a result, it was confirmed that continuous surface displa-
cement was occurring at some locations. In the future, comparing and analyzing on-site measurement
a OPEN ACCESS data with the points of interest would aid in confirming whether displacement occurs due to tunnel
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Fig. 1. (a) Location of the study area. The red band is the underground tunnel construction site. (b) Geological map of the
study area. Solid and dotted lines show faults and probable faults or geological boundaries. Alluvial layers are shown in
yellow. The red solid line represents the underground tunnel construction route.
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231 glo|eH A A S APt o] 5 ARG 2|9 RIRLE AAloh= 71H 02 B x|y L2zl tisf A521<1
£ ek Eﬂ Zetsiet. ofeft 7|HE2 Aol 2] X7 Wb HIFIeh X Hof| A -{-85HA ARE-E 4= ATk 24
SAR Z}& $= A% AR 612 AFRslo] 5% sPFo 2 Z3h 1657) o|n| A2 ARSI A= %‘4% 717220159 5
U2595E 20219 19 11 ¥R 2E Sentinel-1 A/B SAR AF&=-G4 95 9-Z-=I(European Satellite Agency, ESA)°]|
A Ba 2 Algdtol AR8olTt, ML oA A @ A4E AlAsH | 918l 2] 1 d(Digital Elevation Model, DEM)

S AH85tom, 30m]E] 7t wollsat @7 ALOS-3WG DEM<2 ©|-87 DEM2 Y2 25854771+ (Japan
Aerospace eXploration Agency, JAXA)olA 22 Algrtol -85t}

SBAS DInSAR #4

SAR ZF&+= 0] Z(Noise)oll &Joll A7zt Gk W= 74971 3.2 ™, DInSAR Z1}9] e 5 =017] 916l SBAS W
ol A|QH=| ek (Berardino et al., 2002). o] -2 574 2| HoflA] A719] SAR ©]R[2A|E A5t thE A{HA DInSAR
A& pagsto] FX-ARLOS WI9] RS sk 2 o= Fo o] PR o =740 1 9] 4o -85kt

12 2= 9ltk(Lanari et al., 2007). SBAS H'HO| F£Q 7|58 tho] 7ML oA BE QA -8} @ 75 Fo|= o]t}
ofofl FAIZE FRF &= A W 2|3 W}, 2|7 Y skt s 5o BUE Y ok -8kl & 4= Qlck

B Aol 4= SAR AF=-E Envi-SARscape 5.6(Harris Geospatial Solutions, Inc.)E -85} SBAS DInSAR "<
AMg3to] BA519.00, 16571 o]0 2] o] 85} 705 7] ZHI = H4-8- 51T SBAS HA0]| AFE-E]= w74~ Table
137 2o, Fig. 204= SAR AH& 2] ATE-2121 & LE AL ‘215}. A Tho]oHEE = SAR b, A To|ofRE= 17
1 HfAE(super master), 42 THIE ﬁﬁr\% 218+ SAR A= 48 A4S on|gitt.

UF I = T7] weto|u Al @ 53t o] iRt @ 7] ks o, o] 242 @ 75 Fo|7] 9o ZlEHd
(reflattening) 1t Wﬂ(reﬁnement)o}‘“ IS Fffotofof gt th i 2| GollA] el Bojl 687 A1/ Ao (Ground
Control Point, GCP)°] P& oletal 7Pgs}ar, offd Alojd-& Astar Tk 219 0 = HA st

F3E, B O] ol i X 30] FF HISIE Aok, B42 U3 Attewell et al.(1986)- EI'E =2t o}
2 22} 3 W= 4504 2/2) 2 A9 2™, Seoul Metropolitan City(2020)041= B'E A (ET 1) 60 mY 3¢
=22 FFHAE B ASolAFE 2] 71.5 m=E AHgH B Qleh

Table 1. SBAS parameter setting

Parameter Descending (2015~2021)
Temporal baseline threshold Max: 60 days
Perpendicular baseline threshold 2% of critical baseline
Azimuth looks 1
Range looks 4
Number of interferograms 705
Interferogram filtering method Goldstein
Unwrapping method Minimum cost flow (MCF)
Unwrapping coherence threshold 0.2
Refinement method Remove residual phase

SBAS displacement model Linear
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Fig. 2. Time-Position maps in connection graphs for SBAS-DINSAR analysis (descending, Sentinel-1 data) (yellow dot:
super master data, green dot: SAR data).
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Fig. 3. Time-Position plot for PSINSAR processing (descending, Sentinel-1 data). The yellow dot is a super master data.
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Fig. 5. The LOS displacement transitions at the GCPs Nos. 1 to 68 (descending (2015~2021)).
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Fig. 6. Descending (2015~2021). Spatial distribution of LOS displacement occurring within a 500 meters radius of tunnel
construction projects (red line) (modified from Kim et al., 2022a).
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Fig. 7. Spatio—temporal distribution of LOS displacement at the areas within 500 meters of tunnel alignment. In particular,
there are sharp changes observed at “P6” and “P16” in the data. (a) to (c) represent enlarged portions of Fig. 6, with (b)
corresponding to Group 2 and Groups. (d) to (f) illustrate displacements at key POl identified in (a) to (c).
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Fig. 8. Ground surface condition as a factor of scattered results. (a) To identify locations where displacement is observed
in vegetated areas at P6, P9 and P11, (b)&(c) To pinpoint locations where displacement is observed due to the
construction of infrastructure (such as apartments) in the same area at P16.
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Fig. 9. The spatial distribution of LOS displacement generated from PSINSAR analysis.
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