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1. INTRODUCTION 

 
Monitoring is important for assessing the stability of 

the ground and for confirming the validity of the de-
sign during the construction and operation of infra-
structures. Monitoring is also useful for predicting 
risks, for managing safe operations, and for reducing 
project costs.  

One of the important requirements of a monitoring 
system, employed during the construction and opera-
tion of infrastructures, is that it be able to monitor the 
behavior of the ground over extensive areas at a rea-
sonable cost and with reasonable accuracy.  

There are various types of instruments for field 
measurements in Geotechnical Engineering, such as 
extensometers, inclinometers, etc. Although they are 
useful, these instruments may not be adequate for 
monitoring large structures and extensive areas be-
cause they can only be applied to limited areas.  

On the other hand, DInSAR (Differential Interfero-
metric Synthetic Aperture Radar), using satellite-
based radar, is capable of overcoming the above issues. 
This is because it can be applied to monitor the time-
transition of the spatial distribution of ground surface 
displacements over extensive areas without the need 

for any devices on the ground1).  
Many applications of DInSAR have already been 

studied for monitoring and detecting displacements. 
The second and third authors and their colleagues have 
applied DInSAR to monitor ground subsidence2)-4), 
landslides5)-7), a mining slope8), ground movements 
due to volcanic activity and an earthquake9)-11), and a 
dam embankment12).  

The aim of this study is to investigate the applica-
bility of DInSAR for monitoring the ground surface 
displacements above a tunnel construction site in 
Busan, Republic of Korea. 
 
 
2. OUTLINE OF SAR AND DInSAR 

 
SAR (Synthetic Aperture Radar) is a high-resolu-

tion radar device that is mounted on an artificial satel-
lite. It operates day and night regardless the weather 
conditions. The SAR satellite travels on ascending 
(northward) and descending (southward) orbits (Fig. 
1).  

 InSAR is a method for taking the signal phase dif-
ference from two scenes of SAR data, which are ob-
served in the same area at different times. DInSAR is 
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a technique for providing the displacement distribution 
of the Earth’s surface based on the following equa-
tion1): 
 

∆𝜑 =
4𝜋

𝜆
𝑑𝐿𝑂𝑆 + ∆𝜑𝑡𝑜𝑝𝑜 + ∆𝜑𝑜𝑟𝑏 + ∆𝜑𝑎𝑡𝑚𝑜 

+∆𝜑𝑠𝑐𝑎𝑡𝑡 + ∆𝜑𝑛𝑜𝑖𝑠𝑒   (1) 
 
where ∆𝜑 = 𝜑 − 𝜑𝑡𝑜𝑝𝑜 − 𝜑𝑓𝑙𝑎𝑡 can be computed by re-
moving the contribution of the topography, 𝜑𝑡𝑜𝑝𝑜, and 
the phase effect due to the distance between two satel-
lite positions, 𝜑𝑓𝑙𝑎𝑡, from the interferogram, 𝜑 (phase 
difference observed by SAR). 𝑑𝐿𝑂𝑆  is the unknown 
ground surface displacement along the radar beam di-
rection between a satellite and the Earth’s surface; it is 
called the Line of Sight (LOS) displacement (Fig. 2).  
𝜆 is the wavelength of the microwave transmitted from 
SAR. ∆𝜑𝑡𝑜𝑝𝑜 is the residual phase due to the error in 
the topographic elevation of the Earth’s surface, ∆𝜑𝑜𝑟𝑏 
is the residual phase due to the use of the inaccurate 
satellite orbital position, ∆𝜑𝑎𝑡𝑚𝑜is the effect of the at-
mospheric phase delay, ∆𝜑𝑠𝑐𝑎𝑡𝑡  indicates the phase 
scatter due to changes in the conditions on the ground 
surface, and ∆𝜑𝑛𝑜𝑖𝑠𝑒is the phase due to the noise con-
tribution.  
 

 
Fig. 1 Ascending and descending orbits of SAR satellite 

 

 
Fig. 2 Line of sight and LOS displacement 

 
Small Baseline Subset (SBAS) DInSAR13) is em-

ployed in this study to obtain the spatial distribution 
and temporal transition of the surface displacements. 
SBAS-DInSAR utilizes a series of SAR images in a 
target area and conducts multi-temporal DInSAR pro-
cessing to produce the distribution of spatio-temporal 
LOS displacements. 
 
 
3. STUDY AREA 
 

An urban highway connecting Mandeok and Cen-
tum City in Busan, Republic of Korea, was approved 
as a construction project based on a private invest-
ment (Fig. 3). A total of 783.2 billion won, including 
a private investment of 588.5 billion won, will be 
used to construct the four-lane highway, each lane 
having a length of 9.62 kilometers14).  

This highway is expected to greatly reduce the 
commute between Mandeok and Centum City from 
the current 40 minutes to just 10 minutes. The con-
struction was begun in 2019 and is expected to be fin-
ished in 2024. About 10% of the entire construction 
has been completed thus far (October 2021). 

The area for applying SBAS-DInSAR in this study 
is shown in Fig. 315). 

 
Fig. 3 Schematic plan view of tunnel construction site in Busan15) 
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4. SAR DATASETS AND ANALYSIS 
 
(1) Datasets 

Sentinel 1A/B SAR data were used for the SBAS-
DInSAR analysis. The analyzed SAR data comprise 
165 images taken in the right-looking descending orbit 
with the Sentinel’s path number 61. The period of data 
acquisition was from 25 May 2015 to 11 January 2021.  

In the same period, 152 SAR data images were 
taken in the ascending orbit. However, there are blank 
(no data available) periods between 9 January 2018 
and 14 June 2018, for a half year; and thus, the data are 
not continuous. Therefore, an SBAS-DInSAR analysis 
for the ascending data was conducted by dividing the 
datasets into two periods of 2 November 2014 to 9 Jan-
uary 2018 and 14 June 2018 to 21 August 2021.  

Fig. 4 shows a footprint of the SAR data. The mon-
itoring target area is marked by a yellow polygon. All 
Sentinel-1 A/B SAR data were provided by the Euro-
pean Space Agency at no charge. 

To remove the topography component from the in-
terferogram, a Digital Elevation Model (DEM) was 
used. The DEM data using ALOS World 3D (AW3D) 
DEM with a 30-meter spatial resolution was employed. 
This DEM was provided free of charge by the Japa-
nese Aerospace Exploration Agency (JAXA). 
 
(2) Data Processing – SBAS DInSAR 

The SAR data were analyzed with the SBAS-
DInSAR method13) which is implemented in the Envi-
SARscape 5.6 (Harris Geospatial Solutions, Inc.). On 
the one hand, 705 interferograms were analyzed using 
165 ascending images. Fig. 5 (a) shows the connection 
graph for the descending data, which represents the 
time-position table (the relative position/distance of 
the pair of satellites vs. the acquisition date of the data)  
 

 
Fig. 4 Areas covered by Sentinel-1 data are in red (descend-

ing) and blue (ascending) boxes, while the study area is 
marked by a yellow box on the map. 

of the SAR data used in the SBAS analysis. On the 
other hand, 163 and 314 interferograms were analyzed 
using 152 ascending images in the periods of 2014 to 
2018 and 2018 to 2021, respectively (Figs. 5 (b) and 
(c)). 

Some interferograms were affected by the various 
error sources. In order to reduce the errors, processes 
called re-flattening and refinement were carried out. 
At the first stage of the analysis, 68 ground control 
points (GCPs) were selected and set over the observa-
tion area, assuming that the ground around the GCPs 
was stable. The coherence threshold values were set at 
0.2 and 0.3 for the cases of using the descending and 
ascending data, respectively, and the spatial resolution 
of the ground was about 15 m by 15 m. 
 

 
(a)  Descending (25/5/2015-11/1/2021) 

 
(b) Ascending (2/11/2014 - 9/1/2018) 

 
(c) Ascending (14/6/2018 – 21/8/2019) 

Fig. 5 Connection graphs for SBAS-DInSAR analysis (yellow 
dot: super master data, green dot: SAR data) 
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5. RESULTS OF SBAS-DInSAR 
 
(1) LOS displacement distribution 

The SBAS-DInSAR analysis produced the time-
transition of the spatial distribution of the displace-
ments for each date of the SAR data acquisition. 
Therefore, a map of the displacement distribution was 
obtained almost every 10 days from 165 descending 
images and 152 ascending images during the last six 
or seven years. Figs. 6 (a) and (b) show the last results, 
the final displacement distribution maps for the de-
scending and ascending data, respectively. Green indi-
cates no (0) or only small displacements of less than 
±10 mm, and red and blue are negative (extension) 
and positive (compression) LOS displacements (see 
Fig. 2), respectively. Some areas on these maps do not 
show any results because of low coherence (less than 
the threshold) due to dense vegetation. The red line 
across the map represents the tunnel alignment (see 
Fig. 3). 

It is found that the displacements are totally small, 
within a few cm, except the portion with red (“A”) in 
the northeast section of the maps in both descending 
and ascending cases.  

In order to see the details of the tunnel construction 
site, the displacement distribution is extracted for a 
band-shaped area along the tunnel alignment with a 
width of 500 m, as shown in Fig. 7. It is noted that the 
scale of the displacement in Fig. 7 is different from the 
one in Fig. 6. 

In both portions “M” around Mondeok IC (Inter 
Change) and “C” around Centum IC in Fig. 7, the de-
scending LOS displacements are negative and the as-
cending LOS displacements are positive. On the other 
hand, there seem to be small displacements in portion 
“B” near the center of the tunnel alignment. 
 
(2) Time-transition of displacements 

The SBAS-DInSAR analysis can also produce the 
time-transition of the displacements at selected points.  

Fig. 8 shows the time-transition of the LOS dis-
placements in both descending and ascending cases at 
three points extracted from portion “A”. A13 and A14 
indicate the names of the points of interest in portion 
“A”. It is found that both descending and ascending 
LOS displacements are negatively large, and that the 
descending displacements are larger than the ascend-
ing ones. No ascending results were obtained for A14 

 
(a) Descending (2015-2021) 

 
(b) Ascending (2014-2021 except a half year in 2018) 

Fig. 6 LOS displacement distribution 

 

 
(a) Descending (2015-2021) 

 
(b) Ascending (2014-2021 except a half year in 2018) 

Fig. 7 LOS displacement distribution along tunnel alignment 
(red line) 
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because of low coherence. By referring to Fig. 95), the 
actual displacements can be estimated to be domi-
nantly subsidence and to be slightly directed to the 
west. Since these points are located far from the tunnel, 
this behavior must have been caused by a different fac-
tor. Actually, portion “A” is located in an area of de-
veloped land, a mountainous area sloping to the west 
that was cut for the construction of a large park. This 
may be the cause of those displacements.  

Figs. 10 to 12 present the time-transition of both de-
scending and ascending LOS displacements at points 
extracted from portions “M”, “B”, and “C”, respec-
tively. In Figs. 10 and 12, the descending LOS dis-
placements are negative, while the ascending ones are 
positive in portions “M” and “C” at the west and east 
portals of the tunnel. The absolute values of the de-
scending displacements are almost the same as or 
slightly larger than those of the ascending ones. This 
means that the actual displacements can be estimated 
to face west.  
In portion “C” (Fig. 12), near the central part of the 
tunnel, both descending and ascending LOS displace-
ments are within 10 mm, which is the detection limit 
of displacements by the DInSAR method. It seems, 
therefore, that almost no or only quite small displace-
ments have occurred in this portion. 

 

 
Fig. 8 Time-transition of LOS displacements in “A” 

 

 
Fig. 9 Schematic diagram of geometrical relationship between 
actual and LOS displacements5)  

 
Fig. 10 Time-transition of LOS displacements in “M” 

 

 
Fig. 11 Time-transition of LOS displacements in “B” 

 

 
Fig. 12 Time-transition of LOS displacements in “C” 

 
All displacements started to increase from the be-

ginning of 2014 or 2015. As construction of the tunnel 
was begun in 2019 and only 10% of the project had 
been completed as of October 2021, those displace-
ments could not have been caused by the tunnel con-
struction.  
 
 
6. CONCLUDING REMARKS 
 

This paper has described the preliminary results of 
an investigation to clarify the applicability of DInSAR 
for monitoring the ground surface displacements 
above a tunnel construction site in Busan, Republic of 
Korea.  The findings of this study are as follows:  

12/13 12/14 12/15 12/16 12/17 12/18 12/19 12/20 12/21

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

L
O

S
 D

is
p

. 
(m

m
)

Date

 A13_Asc

 A15_Asc

 A13_Dsc

 A14_Dsc

 A15_Dsc

Date (month/year)

12/13 12/14 12/15 12/16 12/17 12/18 12/19 12/20 12/21

-50

-40

-30

-20

-10

0

10

20

30

40

50

L
O

S
 D

is
p

. 
(m

m
)

Date

 P1_Asc

 P2_Asc

 P3_Asc

 P1_Dsc

 P2_Dsc

 P3_Dsc

Date (month/year)

12/13 12/14 12/15 12/16 12/17 12/18 12/19 12/20 12/21

-50

-40

-30

-20

-10

0

10

20

30

40

50

L
O

S
 D

is
p
. 
(m

m
)

Date

 P31_Asc

 P32_Asc

 P33_Asc

 P31_Dsc

 P32_Dsc

 P33_Dsc

Date (month/year)

12/13 12/14 12/15 12/16 12/17 12/18 12/19 12/20 12/21

-50

-40

-30

-20

-10

0

10

20

30

40

50

L
O

S
 D

is
p
. 
(m

m
)

Date

 P49_Asc

 P50_Asc

 P51_Asc

 P49_Dsc

 P50_Dsc

 P51_Dsc

Date (month/year)

- 450 -



 

 

 Large displacements were found at the northeast 
portion far from the tunnel construction site. Those 
displacements seem to have been caused by the land 
development around there. 

 Displacements have increased in some areas since 
2014 or 2015. Since construction of the tunnel was 
begun in 2019, those displacements had to have been 
caused by something other than the tunnel construc-
tion. 

 At present, the tunnel construction is not known to 
have caused the occurrence of any displacements. 
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