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surface topographical transformations accurately. The
DInSAR method aims to extract the total phase caused by
deformation by eliminating or reducing other contributing
things. This study identified material movements in the form
of decreases or increases. The activity of monitoring material
movement is considered essential to be carried out in
monitoring potential landslides in the future. SAR imagery
can be used as an early warning for disaster mitigation which
still requires further action, such as taking data directly to the
field in the hope of getting more accuracy.
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1. INTRODUCTION

Indonesia that has areas prone to natural disasters. The Regional Disaster Management
Agency (BPBD) of Bogor Regency said that out of 40 sub-districts, 22 could be prone to
intertwining with medium to large soil movements.

A landslide is surface movement resulting from natural events such as landslides,
earthquakes, slumping, or surface flows. (Calo, et al., 2014) (Budetta, 2020). In addition, this
can be caused by natural events, such as earthquakes and volcanic eruptions, or human
activities, such as the detonation of nuclear weapons. (Niraj, 2022) (Merlin, 2021). Soil
movement, grass wasting, is a change in the location of the soil, regolith and rocks caused by
the force of gravity with the type of crawl, flow, lying down or falling (Noor, 2014). In several
studies, it has been proven that population growth influences surface deformation. (Vélez,
2021) (Samsonov, 2020). Research shows that population growth in recent decades is due to
increased demand for food and the development of economic activity. (Ningsih, 2023). This
has resulted in more people choosing to live in areas prone to landslides and often
compromising natural ecosystems (Arthur Depicker, 2021). The classification of ground
movement can be divided based on the main mechanisms involved (creep, flow, slide, heave,
fall, and subsidence) and the moisture content of the moving body (very low, low, medium,
high, very high, and very high). (Hugget, 2017).

Deformation is a change of form caused by a reaction to the force applied—the styles it
defines already and surface forces (Stein, 2003). The method uses more than one
interferogram to capture topographic surface transformations accurately. The purpose of
using this DInSAR method is to perform total phase extraction caused by deformation by
eliminating or reducing other contributing things. (Boni, 2018). This method can be used if at
least three radar images or changes in topographic surface nodules can be used as a
reference. Interferograms can produce explanations of phases produced by predictions of 2
SARs at different times. The information we get from the interferogram includes topography,
orbital displacement, surface deformation, and atmospheric effects (Castafieda, 2011).

The effort to track land movement is a step in mitigating and investigating unexpected
natural disasters. (Dini, 2019). Based on this case, this research seeks to share solutions with
the DINSAR procedure approach in tracking surface deformation in the 2018—-2022 period so
that it helps analyse the characteristics of intertwined surface deformations. The DInSAR
method can determine the change in the earth's surface by using different phases of
electromagnetic waves recorded at two other observation times. (Acosta, et al., 2021).
Tracking these deformations provides the geometric state of the deformed object
information from the load response (Shan-Long, 1991).

The research area conducted was 9 x 9 km?. Based on the stratigraphic sequence of the
study area from old to young formations consisting of Bojongmanik Formation (Tmb) with
Middle Miocene age, Tuff and Breccia Formation (Tmtb) with Late Miocene age, and
Volcanic Breccia (Qvb) with Pleistocene age (Effendi et al, 1998). (Figure 1).
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Figure 1. Stratigraphy of Research Area
2. METHODS

The DInSAR method is a side-looking radar imaging that utilises phase, wavelength, and
amplitude data (Firdaus, 2016 ).

This study uses two-path interferometry with the help of the second Shuttle Topographic
Radar Mission (SRTM) 3 DEM for the study area. Data sets are required to produce real
interferograms at each time interval. Differential interferometric processing aims to separate
topographic terms and displacement within an interferogram. (Raspini, 2022). Topographic
phases must be omitted to identify the components of displacement. (Sarychikhina, 2021).
Therefore, two interferograms are formed. So there are six format interferograms to estimate
the displacement during the time interval between the dates of these images. Each aspect is
presented to address how to collect and process data. This stage is also expected to produce
a research design in the form of a flow chart that can be seen in (Figure 2).

The method used in this study is a two-pass DInSAR (Hanssen, 2001), where the equation
of at least two phases of the SAR image in the interferogram can be written as follows :

A, = @Ptopo T Pdefo T Parm + Porp (1)
) = Different phases

Ptopo = Topographic phase

Pdefo = Deformation phase

Patm = Atmospheric phase

Porb = Orbit phase
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Figure 2. Research Methods

In processing data, researchers use applications that support analysis, including:
Sentinel Application Platform (SNAP)
SNAP is one of the applications used in processing satellite image data, such as Sentinel 1,
Sentinel 2, and Sentinel 3 toolbox. This application is used in various other satellite image data
processing. This study used SNAP to process sentinel data into interferograms and
deformation maps.
Google Earth
Google Earth is an application that can be used in mapping by producing geospatial
information that utilises satellite imagery. (Aldiansyah, 2021). In this study, Google Earth was
used in processing Sentinel data results to identify areas that have experienced deformation
and get the deformation value.
Global Mapper
Global Mapper is software that can be used in satellite image processing. The application can
perform topographic analysis, displaying a 3D view of an area. In global research, mappers
are used to cut DEM research areas.
Arcgis
ArcGIS is a GIS data processing software that operates in geographic information systems,
map creation and analysis, and cartographic creation of maps assisted by supporting features.
This research used ArcGIS to make deformation maps for 2018 — 2022 and map cartography.
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3. RESULTS AND DISCUSSION

The analysis results on the map using DEM (Digital Elevation Model) data show that the
study area has an elevation ranging from 50 — 550 meters above sea level. The elevation
includes low hills (50-200 meters), hills (200-500 meters) and high hills (500-1000 meters)
(Widyaatmanti, 2016). The data is then processed into a three-dimensional form with an
elevation index of 50 meters to describe the study area's morphological state and
morphological class shape (Figure 3. A).

Slope analysis is one of the benchmarks for determining landforms on geomorphological
maps of the study area. It was found that the study area was decorated by gentle to rather
steep slopes (2%-55%) (Figure 3. B).

Based on the results of the analysis by looking at geomorphic aspects and geomorphic
processes, it is interpreted that the study area consists of four developing landform units,
including the Irrelugar Meander Channel (CIM), Low Slope Gentle Hills (PRL), Pulsed Steep
Hills (PCD), and Steep Slope High Hills (PTC) (Widyaatmanti, 2016) (Hugget, 2017).
Geomorphological maps of the study area can be viewed in (Figure 3. C).
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In the research area, it can be seen that it is controlled by passive morpho-structure, which
is a process of changing the earth's surface, which is influenced by the lithology of the study
area so that the level of rock resistance determines the degradation process. A process that
works passively without movement due to weathering, geological structure, and lithology. In
the research area, degradational processes are developed, influenced by rocks' resistance
levels. This passive morphostructure process continues until now, supported by avalanches
and drags from loose material at several observation points (Figure 4). The types of
avalanches that occurred in the study area were classified based on (Hugget, 2017).
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Figure 4. Landslide Evidence in the ReseércRArea

The author uses commands on the Sentinel Application Platform application to process
data. The command is created in the graph builder available by inputting data in (Table 1).

The results of the unwrapping phase show that the deformation pattern shows a clear and
measurable pattern with metric units. Such altered patterns may indicate changes in the
shape of the surface of the study area. On the surface of the study area, only part of the area
experienced displacement in (Figure 5). The number of invaluable pixels is large enough on
the surface to make it difficult to read the deformation value caused by the filtering and
unwrapping stages. Data coherence values reduce errors when data is hindered by high
vegetation density, noise, or scattering errors. The coherence value used is 0.2, so if there is
less than 0.2 data, it can reduce the expected error value.

The results of the sorted interferogram show that noise seems to decrease in parts that
initially still have medium coherence values. The sorting used in SNAP software is Goldstein
Phase Filtering.

Table 1. Sentinel Data in Research Areas

ID Scene Sentinel 1A Acquisition Polarization

S1A_IW_SLC__1SDV_20180112T111433_2018 Master 12 January W+ VH
0112T111503_020120_0224F1_65B5 2018
S1A_IW_SLC__1SDV_20181226T111440_2018 Slave 26 December W+ VH
1226T111510_025195_02C8C6_8CD3 2018
S1A_IW_SLC__1SDV_20190107T111440_2019 Master 7 January 2019 W+ VH

0107T111510_025370_02CF15_572D
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S1A_IW_SLC__1SDV_20191221T111447_2019 21 December

1221T111517_030445_037C21_244F Slave 2019 WV + VH
S1A_IW_SLC__1SDV_20200102T111446_2020
0102T111516_030620_038227_82FB Master 2 January 2020 W+ VH
S1A_IW_SLC__1SDV_20201227T111453_2020 Slave 27 December W s VH
1227T111523_035870_04334D_81F8 2020
S1A_IW_SLC__1SDV_20210108T111452_2021
0108T111522_036045_043961_653D Master 8 January 2021 W+ VH
S1A_IW_SLC__1SDV_20211222T111459_2021 22 December

W0 OOV - Slave WV + VH
1222T111528_041120_04E2C3_F472 2021
S1A_IW_SLC__1SDV_20220103T111458 2022
0103T111528_041295_04E8A3_AA15 Master 3 January 2022 VV+VH
S1A_IW_SLC__1SDV_20221205T111506_2022 5 December

W00V - Slave WV + VH
1205T111535_046195_0587FF_EF33 2022
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Figure 5. Phase Interferogram
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Figure 6. Deformation Map of the Research Area

The results of data analysis that has been carried out using the DINSAR method show that
the deformation in the research area has various values from year to year in (Figure 6).
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Deformation that occurs in the study area is divided into two types, namely land level rise
(uplift) and land subsidence (subsidence). The land level rise value obtained in the study area
was 0.2 cm to 0.67 cm. At the same time, the deformation value that shows land subsidence
is at the importance of -0.03 cm to -0.38 cm.

As concluded through (Table 2), Rumpin District has a minimum deformation value of 0.67
and a maximum of -0.38, Cigudeg District has a minimum deformation value of 0.42 and a
maximum of -0.38, Leuwiliang District has a minimum deformation value of 0.36 and an as
maximum As of -0.38. In contrast, Cibungbulang District has a minimum deformation value of
0.67 and a maximum of -0.38.

Changes in surface deformation values can also be caused by increased population each
year. (Anjasmara, 2017). Over time, the increasing population will encourage infrastructure
development to support population activities in an area so that the land that supports the
building can experience subsidence. The population growth of the study area can be seen in
(Diagram 1).

Table 2. The value of deformation in the research area

Deformation/year

District 2018 2019 2020 2021 2022 Deformation/year

Max Min Max Min Max Min Max Min Max Min

Rumpin 038 -0.09 -0.258 -0.134 007 025 042 067 -009 02 0.329
Cigudeg 038 -0.3 -0.258 -0.134 007 0.6 042 042 -009 -0.06 -0.076
leuwiliang ~ -038 -004 -0.258 -0.134 007 025 036 035 -0.09 0.2 0.164
Cibungbulang 0-38 -0.03 0-0258 -0.134 007 025 058 067 02 -0.03 0.598

Diagram 1. Population in 2018-2022 in the Study Area
Population Growth in The Study Area
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4. CONCLUSION

Based on the results of literature studies, data processing, and analysis, it can be concluded
that the deformation occurs has diverse values in each region. The Rumpin District area has
an average deformation value/year of 0.329 cm, Cigudeg District has an average deformation
value/year of -0.076 cm, Leuwiliang District has an average value of deformation/year 0.164
cm, and Cibungbulang District has an average value of deformation/year 0.598 cm.

Factors such as increasing population, development, and sand mining at the research site
affect the deformation in the study area. This research can identify material movements in
the form of decreases and increases. Material movement monitoring activities are considered
essential to be carried out in monitoring possible landslides in the future. SAR imagery can be
used as an early warning of disaster mitigation that requires further actions, such as taking
data directly to the field for more accurate accuracy.

5. RECOMMENDATIONS

It is recommended to present GPS data accompanied by validation tests to determine the
accuracy of the deformation value of the DinSAR method. The pattern of deformation shown
in this study still needs to be clarified. This is due to distortions such as temporal decorrelation
and geometry that have yet to disappear entirely. Besides, the influence of topography
influenced by DEM data has also remained simple.
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