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Topography and bathymetry integration is one of the essential things in
providing height data. So far, the topography and bathymetry problems are
the lack of height data availability, not up to date, and low vertical accuracy.
The latest DTM is one of the topography data with up to date elevation with
a spatial resolution of 5 m. Bathymetry extracted from SAR images. It is an
alternative depth data for ocean bathymetry and inland water bathymetry.
Topography and bathymetry integration is required to obtain comprehensive
height data. This study aimed to integrate the latest DTM with SAR
bathymetry. The method used in this integration was DEM integration. The
method combined the latest DTM data with SAR bathymetry based on the
correlation of the two data's standard deviation. The integration of the latest
DTM with SAR bathymetry needs to consider differences in height
reference fields. Two integration studies were conducted in this research-the
latest DTM integration with ocean bathymetry for Rote Island. Then the
integration of the latest DTM with inland water bathymetry in Lake
Singkarak. The result of the integration is necessary to check the surface by
generating longitudinal and cross-section profiles. Integrating the latest
DTM and SAR bathymetry can be used for various mapping surveys on
lands and waters.
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Introduction
Geospatial information includes various basic and
thematic mapping of earth resources (Hirt, 2014). A
thematic map of geological resources can be generated
from a detailed scale base map (Kaichang et al., 2000).
Various methods and technologies are used to extract
basic geospatial information, one of which is remote
sensing (Bordogna et al., 2016). The development of
remote sensing technology can be used for basic
Open Access

geospatial mapping, especially in detailed-scale 3D
mapping extraction (Wilkinson, 2012). The 3D
mapping includes land and waters area (Yang et al.,
2017). 3D mapping for land and waters area requires
height model data. This 3D mapping is needed as
primary data to produce thematic geospatial
information. The thematic geospatial information
identifies, monitors, and land change applications in
mining areas, forests, lakes, spatial planning, land
dynamics, coastal, marine dynamics, and various other
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thematic applications (Valeriano et al., 2004). Land
dynamics caused by subsidence, uplifted, and
displacement can be monitored using height model
data (Gorelick et al., 2017). Likewise, the coastal
dynamics monitoring in coastal environmental
degradation requires height model data.
The current problem is the lack of up-to-date
height models in inland areas and the lack of height
model data in the waters. The height reference field
difference in land and water height becomes the main
problem in height mapping (Hirt, 2014). The height
reference field must be equalized between the height
data on land and the height data in the waters using
integration data. This integration aims to make height
reference for terrestrial mapping and aquatic
monitoring (Gorelick et al., 2017). The height model
with high vertical accuracy can be used for detailed
mapping. Data integration that results in high vertical
accuracy will also produce detailed thematic
information on degraded and mining lands (Valeriano
et al., 2004). Suppose the quality of the thematic
information's accuracy and precision is better and
more detailed (Aji et al., 2013). In that case, it will
make it easier to carry out management related to
degraded and mining lands, both on land and in waters.
In addition to the problem of differences in
height reference fields, the main problem with DEM
and bathymetry in Indonesia is a lack of height model
data. The DEM and bathymetry are not on a detailed
scale, up to date, and have high vertical accuracy
(Julzarika and Harintaka, 2019). Indonesia's latest
DEM data is currently DEM Nasional (DEMNAS),
with acquisitions in 2010-2011 (BIG, 2019). Likewise,
with the National Bathymetry (BATNAS) data, a
combination of Gebco data with several bathymetry
measurements in only a few areas. The available DEM
and bathymetry data are not dynamic, not up-to-date,
and do not represent current conditions. The latest
DTM and SAR bathymetry is expected to overcome
these problems. This research was proposed to
integrate the latest DTM with SAR bathymetry. It will
solve DEM and bathymetry problems in Indonesia. It
is hoped that integrating the latest DTM and SAR
bathymetry can be used for various thematic mapping
of land in Indonesia.
The height model is a 3D model that includes
topography and bathymetry, which describes the
earth's surface (Hirt, 2014). The height model is known
as DEM (Maune and Nayegandhi, 2018). Topography
can be described in the form of the object surface and
terrain surface (Wilson, 2012). Digital Surface Model
(DSM) is a topography that describes the object's
surface (Li et al., 2005). The topography that depicts
the terrain's surface is called the DTM (Champion and
Boldo, 2006; Zhang et al., 2016). The topography
height reference area refers to the Mean Sea Level
(MSL) (Hirt, 2014). There are two types of
bathymetry: ocean bathymetry and inland water
bathymetry (Wiehle and Pleskachevsky, 2018). The
difference between these bathymetries is the location
and height reference field used. Ocean bathymetry has
Open Access

a height reference field in the lowest water level at one
tidal period (18.61 years) (IHB, 2006). Inland water
bathymetry has a height reference field in the highest
water level. Inland water bathymetry includes lakes,
rivers, and swamps.
Topography can be extracted from terrestrial
mapping and non-terrestrial mapping (Julzarika and
Djurdjani, 2019). The terrestrial mapping is in the form
of direct measurements in the field using a theodolite,
levelling, total station, Global Navigation Satellite
System (GNSS), and terrestrial Light Detection and
Ranging (LiDAR) (Serrano-Juan et al., 2017; Bigdeli
et al., 2018). This non-terrestrial mapping is in the
form of aerial mapping, LiDAR, and remote sensing.
Remote sensing data can be used for optical and SAR
images (Liosis et al., 2018). The methods used to
extract the DSM and DTM are stereo models, reverse
stereo models, interferometry SAR (InSAR), and
videogrammetry (Serrano-Juan et al., 2017; Julzarika
and Djurdjani, 2019). The topography used in this
paper is the latest DTM. The latest DTM describes the
up to date conditions of the surface terrain. The latest
DTM extraction can be done using a combination of
the InSAR and Differential InSAR (DInSAR)
methods. The latest DTM can be extracted using
ALOS PALSAR/PALSAR-2 and Sentinel-1 images.
The latest topography conditions can be extracted
based on the latest displacement and adjusted to the
latest Sentinel-1 image data (Costantini, 1998; Chang
et al., 2019). Sentinel-1 imagery can be obtained every
six days (ESA, 2013).
Bathymetry extraction can be done with
terrestrial and non-terrestrial mapping (Wiehle and
Lehner, 2015). The terrestrial mapping is direct
measurements in waters using sonar and other
bathymetry measuring instruments. The non-terrestrial
mapping can be performed using aerial LiDAR; it uses
the Green LiDAR sensors and Blue LiDAR sensors
(Pirotti, 2010). Remote sensing data can also be used
for bathymetry extraction (Mishra et al., 2014). The
detail of the bathymetry information depends on the
type and quality of remote sensing data used (Shen,
2018). The potential for bathymetry extraction from
remote sensing data can be carried out with various
data sources (Pereira et al., 2019). The bathymetry
extraction includes optical data, SAR, LiDAR,
altimetry, gravity, and multi-data from crowdsourced
(Wiehle et al., 2019). Bathymetry extraction using
optical images will provide optimal in clear waters
with low turbidity and total suspended solids (TSS).
The extraction is optimal at a depth of 0-25 m. SAR
bathymetry extraction will result in higher vertical
accuracy at normal water levels, wind speeds of 3-10
m/s, surface current velocities > 0.5 m/s, and at depths
of 10-70 m (Pereira et al., 2019).
The use of LiDAR for bathymetry extraction has
also proliferated (Pratomo et al., 2019). Green LiDAR
sensor can extract bathymetry at a depth of 0-30 m in
clear waters and has a vertical accuracy of the
centimetre fraction (Allouis et al., 2015; Pratomo et al.,
2019). The Blue LiDAR sensor can perform
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bathymetry extraction at a depth of 25-70 cm (Allouis
et al., 2015). Bathymetry extraction using altimetry
satellite can extract the depth of more than 30 m (Smith
and Sandwell, 1997). The use of gravity data will map
the bottom topography's detailed conditions below the
water surface (Brusch et al., 2011). Gravity can also be
extracted using Geodesy satellite data. In addition to
data sources from remote sensing, bathymetry
extraction can also use crowdsourced bathymetry. It is
a combination of bathymetry data from remote sensing
with field measurement data. Figure 1 is a view of the
multi-sources data in extracted bathymetry.

Figure 1. Combination of multi-sources data in
extracted bathymetry (modified from Isardsat, 2017).
The novelty of this research is the latest DTM
integration with ocean and inland water bathymetry.
All of the data using SAR images and extracted using
the Interferometry method. From the related literature
in this study, no one has implemented the latest
integration of the latest DTM with SAR bathymetry,
especially in Indonesia. This study aimed to integrate
the latest DTM with SAR bathymetry using the DEM
integration method.

Material and Methods
In this research, topography and bathymetry
integration used data from satellite images. Data for
topography modelling used the latest DTM. The latest
DTM was chosen because it can visualize up-to-date
topographic data with high vertical accuracy. Data for
ocean bathymetry and inland water bathymetry used
SAR bathymetry. SAR data was chosen for
bathymetry extraction because it is cloud-free, is not
affected by the water turbidity effect, and data
availability is free. The study area for the integration
of the latest DTM with ocean bathymetry is Rote
island. The study area for integrating the latest DTM
with inland water bathymetry is the Semangko Fault,
Lake Singkarak (Hurukawa et al., 2014).
This study chose two regions because the water
area has two different height reference. The ocean area
uses the lowest water level reference field, while the
inland water area uses the highest water level reference
field. Both of these conditions need to be studied in
terms of topography integration with bathymetry. The
research was carried out related to integrating the latest
DTM with SAR bathymetry to solve the main problem
Open Access

of DEM and bathymetry availability in Indonesia. The
latest DTM on Rote Island is the result of satellite
image extraction in 2019. The ocean bathymetry used
is 2019. The Rote area was chosen because of the
completeness of the 1972-2020 period image data. The
latest DTM on Lake Singkarak is the result of satellite
image extraction in 2018. The inland water bathymetry
used in Lake Singkarak is 2018. The Singkarak lake
area was chosen because the highest water level
measurement data is available for the latest DTM
integration. The method in this study discussed the
latest DTM, SAR bathymetry, DEM integration,
surface mathematical model, and difference of height
reference field. Integration of the latest DTM with
SAR bathymetry can be done using the DEM
integration method. This research's integration is
related to; (1) the latest DTM integration with ocean
bathymetry and (2) the latest DTM integration with
inland water bathymetry. Both the surface integrations
were tested by generating the longitudinal and crosssection profiles.
The integration carried out on Rote Island used
InSAR ALOS PALSAR/PALSAR-2 and DInSAR
Sentinel-1 to produce the latest DTM. Ocean
bathymetry in this study used the SAR Bathymetry of
equation (2). This ocean bathymetry used Sentinel-1
imagery combined with satellite altimetry and gravity
data, especially at depths > 100 m. The method used to
integrate the latest DTM with ocean bathymetry was
by equalizing the height reference field. The depth
value exceeded the MSL value was corrected based on
the variance-covariance correlation value between the
topography and the SAR bathymetry. This method can
be done using the DEM integration equation, see
equation 3. Apart from the DEM integration equation,
it is also necessary to check the waterfront boundaries
with multitemporal monitoring from 1972-2019.
Surface shape testing on the latest DTM and SAR
bathymetry can be carried out by generating
longitudinal and cross-section profiles. Longitudinal
profiles are used for checking areas along rivers, roads,
or longitudinal surfaces.
The Semangko Fault area on Lake Singkarak was
selected to integrate the latest DTM with inland water
bathymetry. In this integration, the height reference
area chosen is the highest water level. The latest DTM
in this study used 2018 data, and SAR bathymetry uses
2018 data. The method used for integration of the
topography with bathymetry was DEM integration.
The integration also considers the correlation of the
latest DTM data and the inland water bathymetry at the
lake borderline. The correlation is variance-covariance
between the latest DTM standard deviation and inland
water bathymetry. This combining is adjusted to the
DEM integration equation.
The latest DTM
The latest DTM is a combination of the DTM master
and the latest displacement. The latest DTM is the
DTM extracted from ALOS PALSAR/PALSAR-2 and
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Sentinel-1, which depicts up to date conditions on the
terrain surface (Julzarika and Harintaka, 2020). The up
to date condition is obtained from the latest
displacement extracted from Sentinel-1 using the
DInSAR method (Cuevas-González et al., 2018). The
reference DTM master is extracted from InSAR ALOS
PALSAR/PALSAR-2 (Naidoo et al., 2016).
InSAR is a remote sensing technology that uses
radar sensor images from aerial or satellite aircraft
(Lusch, 1999; Ferretti et al., 2007). DInSAR is an
interferometric method for detecting difference phases
between at least two InSAR results (Rucci et al., 2012).
This DInSAR produces vertical deformation or
displacement information (Bakon et al., 2014; Dias et
al., 2018). Sentinel-1 imagery can be used to extract
the latest DTM every six days or extract DEM every
month.

SAR bathymetry was extracted using Liqui-InSAR
(LiSAR) on the surface roughness of the water surface
(Wackerman et al., 1998; Pleskachevsky et al., 2011;
Tarikhi, 2012). This LiSAR method has similarities
with InSAR (Tarikhi, 2012) (Figure 3). There were
main parameters and additional parameters used in this
bathymetry extraction (Alpers and Hennings,1984;
Hennings, 1989). The main parameters were phase to
height and sea surface of Bragg waves.

SAR Bathymetry
SAR bathymetry is a bathymetry extraction method
using interferometry of a specific polarization band
(Hessner et al., 1999). Each SAR image has a specific
wavelength and band characteristic (Siermann et al.,
2014). Four types of bands are often used in SAR
bathymetry; X, C, L, and P bands (Ferretti et al., 2011).
Besides, there are also several types of polarization in
SAR images; HH, HV, VH, and VV (Hooper et al.,
2012). SAR bathymetry can be extracted by
approaching the surface roughness of seawater, lake,
or river (Pereira et al., 2019) (Figure 2). Sea surface
roughness dramatically determines the resulting
bathymetry quality (Romeiser and Alpers, 1997; Li
and Lehner, 2014).

Figure 2. SAR Bathymetry using surface roughness
approach (modified from Wensink and Alpers, 2015).
The type of SAR image used also determines the
quality of the bathymetry extraction results (Young et
al., 1985). The Sentinel-1 image used in this study is a
SAR image with band C and VV polarization. The
Open Access

Figure 3. Liqui-InSAR (LiSAR): a method to extract
the bathymetry SAR (Tarikhi, 2012).
Additional parameters used in bathymetry extraction
were phase unwrapped, interferogram, backscattering
of SAR images, surface currents, surface winds,
surface swells, ocean gravity, hydrodynamics steepest
slope, Bragg sea surface, long swell wave, sea bed
geomorphology, and height wave sand (Finkl et al.,
2005; Lehner et al., 2012; Pereira et al., 2019).
Interferogram and phase unwrapped parameters can be
substituted because they both have similar
information; only the difference in visualizing the
results (Costantini, 1998; Krieger et al., 2007). The
interferogram is still in the reduced fringe. The phase
unwrapped, there are no fringe repetitions (Costantini,
1998; Ferretti et al., 2007).
The bathymetry calculation was done by
combining the formulas of Bragg, Alpers and
Henning, Volterra, Brusch, and Pereira (Alpers and
Rufenach, 1979; Alpers and Hennings,1984;
Vogelzang, 1989; Inglada and Garello, 2002;
Horstmann et al., 2015; Pereira et al., 2019). From
these various methods, checking the dominant
parameters using the least square adjustment approach
was carried out (Mishra et al., 2014; Shen, 2018). The
new algorithms used in this research were equations 1
and 2. Equation 1 is a bathymetry extraction of SAR
with the main parameters. Equation 2 is a bathymetry
extraction of SAR with additional parameters.
SAR Bathymetry (hd) = Phase to height + ((𝜆0 / 2 sin
𝜃) * (interferogram / backscattering) + (surfaces
currents / surface winds)) ………….. equation (1)
SAR Bathymetry (hd) = (phase to height * Q) + ((( 𝜆0 /
2 sin 𝜃) * (interferogram / backscattering) * Q) +
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(surface currents / surface winds) + hydrodynamics
steepest slope + Bragg water surface + ocean gravity +
long swell wave + height wave sand) + e
………………… equation (2)
where:
𝜆0
𝜃
Q
e

=
=
=
=

the wavelength of SAR satellite
the incidence angle
co-factor matrix (1 / weight)
the random error

DEM integration
Combining DEM data was done using two methods;
DEM integration and DEM fusion. The concept of
DEM integration and DEM fusion refers to concepts
developed in previous studies (Hoja and D'Angelo,
2010; Hoja et al., 2006). Some modifications were
extracted, such as height error correction, height error
maps generation, adding weight, detection and error
removal methods (making voids), and CoKriging
interpolation methods performed. Equation 3 is the
DEM integration algorithm (Hoja and D'Angelo, 2010;
Julzarika, 2015).

After surface modelling, it is necessary to reconstruct
the DEM surface using Fuzzy B-Spline and Fast
Fourier Transforms (FFT) (Alpers and Hennings,1984;
Pereira et al., 2019). Figure 4 is a DEM reconstruction
using a surface mathematical model. It aims to get a
smoother surface and height error-free.
The difference of height reference field for
topography and bathymetry
The reference fields of topography and bathymetry are
different in height (Vanicek and Krakiwsky, 1986).
Topography refers to the MSL height reference field.
Bathymetry has two height reference field conditions.
Ocean bathymetry refers to the lowest water level
during one tidal period (18.61 years) (IHB, 2006).
Inland water bathymetry refers to the highest water
level. Inland water bathymetry includes lakes, rivers,
and swamps.

height (integration) = ((𝛴hi * pi) / 𝛴pi) + void filling
the gaps + delta surface fill + e .…equation (3)
where:
hi
pi

=
=

elevation in number pixel
weighted mean height in number pixel

The best method with higher accuracy for combining
DEM is integration, while the fastest method is fusion
but less accuracy for combining DEM (Hoja et al.,
2006; Trisakti and Julzarika, 2011). Topography and
bathymetry can be combined using the DEM
integration concept. The main problem that must be
considered is the definition of the zero points (height
reference field) on the topography of the latest DTM
with the zero points in bathymetry (Vanicek and
Krakiwsky, 1986).
Surface mathematical model
The extraction results of the latest DTM, SAR
bathymetry, and DEM integration are influenced by
the type of surface mathematical model used (Hengl
and Evans, 2009). The type of order in a surface
mathematical model determines whether the surface is
smooth or unsmooth. A first-order polynomial will be
more optimal in producing a surface similar to a field
(Hengl and Evans, 2009). Areas that are hilly or
mountainous will be more optimal with third-order
polynomials (Kienzle, 2004). Areas with extreme
elevation or depth are preferable to use fifth-order
polynomials (Kienzle, 2004). In this surface
modelling, the type of filter on SAR also determines
DEM integration (Liu et al., 2018; Arai, 2019). Lowpass filters tend to be more suitable for lowland
(Julzarika, 2015). Highland areas are more suitable for
using high-pass filters (Julzarika and Djurdjani, 2019).
Open Access

Figure 4. DEM reconstruction using a surface
mathematical model.
The combination of bathymetry and topography must
consider the reference height difference (Baptista et
al., 2011). This combining can be done by the DEM
integration method. This method considers the
correlation between bathymetry and topography
(Baptista et al., 2011). The correlation is in the form of
variance-covariance between the standard deviation of
topography and bathymetry (ASPRS, 2014). The
difference between the topography and bathymetry
reference field can be seen in Figure 5 (IHB, 2006).

Figure 5. Height reference field of topography, ocean
bathymetry, and inland water bathymetry (modified
from IHB, 2006).
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Results
The integration of the latest DTM with ocean
bathymetry
This monitoring used satellite images and checked on
coastline changes, at least one tidal period. This
multitemporal monitoring used the harmonic
modelling method (Julzarika et al., 2019) (Figure 6).
In Figure 6. the bluish colour is water, and the bluish
whiter colour is the land. The colour border area is a
coastline. The principle of this harmonic method is to
monitor the coastline dynamics. The coastline is
changing because of the horizontal deformation.
Monitoring with this harmonic becomes a cross-check
of the results of DEM integration. The results of this
DEM integration can be seen in Figure 7.

of Rote island to the southern side. It passes through
the peninsula on the western side of Rote Island. The
profile view depicts a bathymetry basin at a depth of
0- (-50) m. In the peninsula, there is a smoother
appearance in elevation (-1) to 1 m. This location is a
topography meeting with bathymetry. The surface
shape on the latest DTM integration results with ocean
bathymetry is smoother because it has applied
variance-covariance correlation based on the two
data's standard deviation. Another check was carried
out with a cross-section profile (Figure 9). Figure 9 is
a cross-section profile that passes through Rote Island.

Figure 8. The longitudinal profile that passes through
Rote Island.
Figure 6. Coastline detection using the harmonic
model method.

Figure 9. The cross-section profile that passes
through Rote Island.
Figure 7. Integration of the latest DTM with ocean
bathymetry.
Based on Figure 7, we can visually see the details of
the latest SAR and DTM bathymetry. The latest DTM
has a spatial resolution of 5 m, and it is capable of
viewing topography details. In the SAR bathymetry,
the optimal depth identified by bathymetry SAR is 10100 m. Depths of more than 100 m can still be
modelled but do not provide optimal detail so that it
will have an impact on low vertical accuracy. It is
recommended for depths more than 100 m to use
Altimetry satellite data and gravity data from Geodesy
satellites such as the combination of Grace, GOCE,
and Champ data. Cross-section profiles are used for
topography differences. Figure 8 is a longitudinal
profile that passes through Rote Island. Figure 8 shows
a longitudinal profile generated from the northern side
Open Access

In the cross-section profile in Figure 9, we can see the
shape of the bathymetry basin. The profile is generated
crosswise from Rote Island to Ndao Island (left of the
picture in Figure 9). The bathymetry basins represent
bottom topography in the value range 0 to (-20) m. The
latest DTM integration with ocean bathymetry has
been seen to be smooth, especially at elevations of (-1)
to 1 m.
The integration of the latest DTM with inland water
bathymetry
Figure 10 is the result of the latest DTM integration
with inland water bathymetry. Visually, the latest
DTM integration results with inland water bathymetry
are good because the height error display has not been
seen. It is necessary to check the surface visualization
to ensure that a height error occurs or not. It is
necessary to check the surface shape after the DEM
2764
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integration is carried out. The way to do this is done by
generating the longitudinal profile and a cross-section
profile. The longitudinal profile follows the Semangko
Fault line that extends from north to south, see Figure
10. The condition of the longitudinal profile visualizes
the depth view of Lake Singkarak. The basin shape is
visible at elevations < 250 m, and the basin length is
about 23-25 km. The morphological depth formation
of Lake Singkarak is like subsidence, cracks, and
uplifted, especially from the lake edge, which is
immediately steep. In addition to the longitudinal
profile, a cross-section profile is generated. The crosssection profile is generated in the west to the east of
Lake Singkarak (Figure 11).

Singkarak basin can be seen in Figure 12. Based on the
visualization in Figure 12, the purple colour is a basin
that can fill with water. This basin is Lake Singkarak.
Brownish-yellow colour is the topography of the latest
DTM. The lakeside line can be identified more easily,
where the purple meets brownish-yellow. The lakeside
line will help calculate the lake's surface area, the
lake's volume, and determine the lake borderline.

Figure 13. Visualization of the latest DTM-inland
water bathymetry integration.

Discussion
Figure 10. Integration of the latest DTM with inland
water bathymetry

Figure 11. Longitudinal profile in Lake Singkarak.

Figure 12. Cross-section profile in Lake Singkarak.
Based on the cross-section profile, the depth of Lake
Singkarak from the west to the east looks like a basin.
Like the longitudinal profile, the new lake basin is
visible at an elevation of approximately < 250 m. On
the west side, the possibility of landslides in the Lake
Singkarak basin is higher than the lake's eastern side.
The shape of the basin on the west side has an
approaching vertical slope. Visualization of the Lake
Open Access

The latest DTM integration results with ocean
bathymetry and the latest DTM with inland water
bathymetry have been obtained for the Rote and Lake
Singkarak areas. The quality of the results has been
carried out by generating longitudinal and crosssection profiles in both areas. According to Hoja and
D'Angelo, 2010, the integration results can be checked
the quality of results by comparing with field data,
checking the surface profile, and conducting height
difference tests. Checking the surface profile can be
done by generating longitudinal and cross-section
profiles. According to Trisakti & Julzarika, 2011,
increasing the vertical accuracy of two height model
data can improve the data's quality. The way is by
integrating two height data with the consideration of
the variance-covariance and standard deviation.
Another factor affecting the quality of surfacebased data is the input data type in the integration. The
data inputted in the form of DSM or DTM affects data
integration results. Champion and Boldo, 2006
performed a robust algorithm in DSM to DTM
conversion. It compared the input data of DTM to have
higher vertical accuracy than DSM. The condition of
changes in displacement on up to date surfaces also
affects the integration data of DTM with bathymetry.
It has been carried out by research of Dias et al. (2018).
The ideal condition for such integration is to use a
similar or adjacent image acquisition time for the latest
DTM and SAR bathymetry extraction. The choice of
mathematical models and digital models in integration
determines the quality of vertical accuracy. According
to Hengl and Evans (2009), checking surface models
with longitudinal and cross-section profiles can be
done for the initial vertical accuracy quality stages. It
is necessary to do a height difference test and a vertical
accuracy test to get more accurate and precise results.
These tests are carried out by comparing against field
2765
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measurements. Further research will be carried out
related to vertical accuracy testing of field
measurements.

Conclusion
This paper's topic limitation is integrating the latest
DTM with ocean bathymetry on Rote island and
integration of the latest DTM with inland water
bathymetry in Lake Singkarak. Both of these
integrations use the DEM integration method. Surface
shape testing is done by generating longitudinal and
cross-section profiles.
There are two integration data study locations
due to differences in height reference fields in ocean
and inland waters. The difference in integration can be
overcome by using the DEM integration method. The
method combines the latest DTM data with SAR
bathymetry based on the correlation of the two data's
standard deviation. The integration results are that the
land area has a spatial resolution of 5 m, and the ocean
bathymetry more optimal in the depth of 10-100 m.
Depths were more significant than 100 m can still be
modelled but not optimal.
Data integration on Lake Singkarak obtained
bathymetry conditions at an elevation of <250 m.
Based on the longitudinal and cross-section profiles
generation, the sea and lake bathymetry basins can be
visualized. The basin displays several locations with
cracks, uplifted, subsidence, and vertical slopes in the
research location. The results of the integration of the
latest DTM and SAR bathymetry are basic geospatial
information that can be used for thematic geospatial
information at a more detailed scale. One of the uses is
for management of degraded and mining lands.
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