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ABSTRACT:

Digital elevation model serves to illustrate the appearance of the earth's surface. DEM can be produced from a wide variety of data
sources including from radar data, LIDAR data, and stereo satellite imagery. Making the LIDAR DEM conducted using point cloud
data from LiDAR sensor. Making a DEM from stereo satellite imagery can be done using same temporal or multitemporal stereo
satellite imagery. How much the accuracy of DEM generated from multitemporal stereo stellite imagery and LiDAR data is not
known with certainty. The study was conducted using LIDAR DEM data and multitemporal stereo satellite imagery DEM.
Multitemporal stereo satellite imagery generated semi-automatically by using 3 scene stereo satellite imagery with acquisition 2013-
2014. The high value given each of DEM serve as the basis for calculating high accuracy DEM respectively. The results showed the

high value differences in the fraction of the meter between LiDAR DEM and multitemporal stereo satellite imagery DEM.

1. INTRODUCTION

Digital elevation model have many benefits. Digital elevation
model serves to illustrate the appearance of the earth's surface
(Ebner, et al., 1988). Some activities require a digital elevation
model data namely orthorectification image, erosion control,
flood simulation, creation of contour lines, and many others
(Jacobsen, 2003).

Digital elevation models can be produced from a wide variety of
manner and a wide variety of data sources such as digitized
using topographical map (Li, et al., 2010; Kang, et al., 2008;
Narender, et al., 2006), field measurements using a total station
or Global Positioning System (GPS) (Li, et al., 2010; Jacobsen,
2003), using overlap of satellite imagery or aerial photograph
(Li, et al., 2010; Srivastava, et al., 2007; Nadeem, et al., 2006;
Jacobsen, 2003), using SAR imagery and using LiDAR point
cloud (Li, et al., 2010; Jacobsen, 2003). Each of these methods
will produce digital elevation models data with different
accuracy (Li, et al., 2010). Up to this time, the DEM data that
has a high accuracy DEM is LiDAR DEM. Vertical Accuracy
LIiDAR DEM can reach 30 cm with many kind of spatial
resolution. (Liu, 2008).

Currently in Indonesia, the manufacture of large-scale maps of
1: 5000 using satellite imageries data is not contain with
contours data. The map only present 2D information. High
information can be generated from stereo satellite imageries.
However, because of doubts in the accuracy of the DEM
generated from stereo satellite imageries, the DEM is not
formed and high information is not displayed on the map. Need
to do a comparison of the DEM generated from stereo satellite
imageries to other precise DEM to determine the vertical
accuracy of the DEM from stereo satellite imageries. This paper
discuss about vertical acuracy comparison of digital elevation
model from LIiDAR and Multitemporal Stereo Satellite
Imageries.

* Corresponding author

2. STUDY AREA

The selected reasearch area of this paper is three island of
Indonesia namely Gili Trawangan Island, Gili Meno Island, and
Gili Air Island. The three island located near Lombok Island
(figure 1). These Island has flat topography surface between 0 -
71m of MSL.

Bali Sea

Figure 1. Location of study area

Gili Trawangan Island has the famous island and tourism
industries in Indonesia and in the world. The undergoing rapid
development in Gili Trawangan Island mainly to facilitate
domestic and foreign tourists needs during their visit. This
situation resulting many new building and road accesses
throughout the island, this situation make a different appearance
from multitemporal stereo satellite imageries. It is necessary to
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be considered in the process of making a DEM from
multitemporal stereo satellite imageries.

3. DATA

There are three main data used in this study namely Ground
Control Point, Multitemporal Satellite Imageries, and LiDAR
Digital Elevation Model.

3.1 Ground Control Point

The Ground Control Point (GCP) data are acquired though field
works by using GPS Geodetic dual frequency and static
measurement method. Each GCP object is located on an object
that easily identified in the image and in the field such us corner
of street, swimming pole, etc (figure 2).

Figure 2. GCP and ICP field measurement in various object

There are 6 GCP used for geometric correction of satellite
imageries. All of the GCP can be identified in multitemporal
stereo satellite imageries. Beside GCP, there are 12 ICP that
used to evaluate the quality of DEM. Same like GCP, ICP are
acquired though field works by using GPS geodetic dual
frequency and static method. GCP and ICP spread evenly
throughout image coverage. This is done in order to GCP and
ICP may represent the surface terrain of the area taken by it
(figure 3).

@ cp

Figure 3. Distribution GCP and ICP over the satellite imagery

Horizontal accuracy of GCP and ICP data processing better
than 15cm. This is done so that the corrected image having
good accuracy. GCP and ICP has an accuracy lower than 15 cm
must be processing again or repeatability of measurements with
a longer observation time.

3.2 Multitemporal Stereo Satellite Imageries.

There are 3 scene Worldview-2 satellite imageries are used in
this research. The accusition time of the satellite imageries are
October 2013, June 2014, and May 2014 (figure 4) with
incidence angle varying each other. One scene satellite imagery
coverage all of island in this research. Each satellite image have
overlap 100%.

(©)
Figure 4. Satellite image with accusition time October 2013 (a),
May 2014 (b), and June 2014 (c)

Satellite imagery have 2 channels namely multispectral with 3
bands and panchromatic with one band. Multispectral Channel
has a spatial resolution of 2m, while the panchromatic channel
has a spatial resolution of 0.5m. The channels used for making a
DEM in this study is panchromatic channel. Panchromatic
channel selected because this channel have the best spatial
resolution.

3.3 Point Cloud LiDAR.

The airborne LiDAR on the area study surveyed in June 2016.
The point density of the LiDAR point cloud is 4 ppm (point per
metre square). The vertical accuracy of the LiDAR point cloud
compared to the previous GNSS survey is better than 20 cm
RMSEz. LiDAR DEM obtained after automatic point cloud
classification and manual editing process .
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4. METHODOLOGY
4.1 Multitemporal Stereo Satellite Imageries DEM.

DEM formation begins with geometric correction of
multitemporal stereo satellite imageries using 6 GCP. After
correction done, do epipolar image formation. Epipolar image
formed from a combination of three images. There are three
epipolar image formed from 3 combinations of satellite
imagery, epipolar image from satellite image october 2013 and
june 2014, october 2013 and may 2014, and may 2014 and june
2014. After epipolar image formed then carried DSM formation.
DSM is formed at a spatial resolution of 1m. Manually editing
done on DSM formed, mainly on the object with difference
appearance due to difference time accusition. Filtering and
manual editing is done to convert the DSM into DEM. Figure 6
presents the flowchart of the processing making a DEM from
multitemporal stereo satellite imagery.

/ / Input Images /

| Geometric Corection |

/ Input GCP

| Create Epipolar Image

| Create DSM |

| Editing DSM |

| Filtering and Editing DEM |

DEM from

Multitemporal Stereo
Satellite Imageries

Figure 6. Flowchart making a DEM from Multitemporal Stereo
Satellite Imageries

4.2 LiDAR Digital Elevation Model.

LiDAR DEM created from point cloud LiDAR with 4 ppm
density. Blunder and error point removed to get real condition
of topographic surface. The automatic classification process is
used to classify the ground and non-ground data. Ground data
used to make a DEM. Manual editing perform to delete
missclassification point from automatic classification process.
After manual editing, DEM generated perform using good
quality ground point cloud data LiDAR. Figure 7 show the
flowchart of the processing making a DEM from point cloud
LiDAR.

LiDAR Point cloud

A 4

Blunder point and
error point removal

\ 4

Automatic
Classification

A 4

Manual Editing
Point Cloud

DT™M

Figure 7. Flowchart making a DEM from LiDAR DEM

4.3 Vertical Accuracy Comparison

Indonesia geoid model used as a reference value as the most
correct high. High accuracy is obtained by comparing the high
value given by each DEM against high value given by the
Indonesia geoid model. The smaller the difference high value to
the value from Indonesia geoid model the better high accuracy
of DEM. Tabel 1 show vertical accuracy standard from
Geospatial Information Agency of Indonesia to make various
maps.

No| sale | mea | S| Chs2 | cliws
(m)

1 1:1000000 400 200 300 500
2 1:500000 200 100 150 250
3 1:250000 100 50 75 125
4 1:100000 40 20 30 50
5 1:50000 20 10 15 25
6 1:25000 10 5 75 125
7 1:10000 4 2 3 5
8 1:5000 2 1 15 25
9 1:2500 1 0.5 0.75 1.25
10 1:1000 0.4 0.2 0.3 0.5

Table 1. Vertical accuracy standard from Geospatial
Information Agency of Indonesia to make various maps

5. RESULTS

The vertical accuracy of DEM evaluated based on difference
high value of DEM to Indonesia geoid model.

5.1 Result for Multitemporal Stereo Satellite Imageries
DEM.

DEM generated from multitemporal stereo satellite imageries
relatively good and can give you a surface model properly.
However, due to lack of good filtering, the DEM gives the
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appearance of the Earth's surface slightly wavy (figure 8). This
can be resolved by manually editing.

Figure 8. DEM from Multitemporal Stereo Satellite Imageries

The results showed that there were differences high value
between multitemporal stereo satellite imageries and Indonesia
geoid model. Difference of high value in the range of 0.2 to
2.1m. Magnitude the difference between the average high is
1.06m. Table 2 presents all the results of the difference high
value between multitemporal stereo satellite imageries and
Indonesia geoid model.

LiDAR DEM evaluation results showed the average difference
high value in the range of 67cm. Table 3 presents all the results
of the difference high value between LIiDAR DEM and
Indonesia geoid model. Good results have demonstrated good
produced from LiDAR DEM.

. Indonesia Geoid | | inAR DEM | A High 2

ID Point Model m) (m)
(m)

ILOM 276 1.0108 1 0.0108
ILOM 280 4.4677 4 0.4677
LOM 273 23274 3.83 -1.5026
ILOM 275 25142 2 0.5142
ILOM 298 2.3329 3 -0.6671
ILOM 270 1.1608 3 -1.8392
ILOM 290 3.1802 4 -0.8198
LOM 275 0.847 1 -0.153
ILOM 278 27101 2 0.7101
LOM 267 2.3079 3 -0.6921
ILOM 286 4.8929 5 20,1071
LOM 268 23455 3 -0.6545

. Multitemporal Table 3. Differences high value between LiDAR DEM and
. In(_jonesm Stereo Satellite A Highl i i
ID Point Geoid Model . Indonesia geoid model
m) Imageries DEM (m) . . . .
(m) 5.3 Comparison Multitemporal Stereo Satellite Imageries
ILOM 276 1.0108 1.227 -0.2162 DEM and LiDAR DEM.
ILOM 280 44677 4.283 0.1847 The differences high value between LIiDAR DEM and
LOM 273 2.3274 2.365 -0.0376 Multitemporal Stereo Satellite Imageries DEM in range of
ILOM 275 2.5142 2.958 -0.4438 centimeter to meter. The majority of the differences high value
ILOM 298 2.3329 3.229 -0.8961 is one meter on a flat area. The smallest differences high value
ILOM 270 1.1608 2.989 -1.8282 is 0.011m and the largest is 2.218m. Table 4 below presents the
ILOM 290 3.1802 4.921 -1.7408 results of the differences high value between LiDAR DEM and
LOM 275 0.847 1.811 -0.964 Multitemporal Stereo Satellite Imageries DEM.
ILOM 278 2.7101 0.56 2.1501 Niuiitempora
LOM 267 2.3079 1.225 1.0829 D Point LI|3DE,:\AR Stereo Sat_ellite A High 3
ILOM 286 4.8929 3.229 1.6639 Imageries (m)
LOM 268 2.3455 0.782 1.5635 (m) (m)
Table 2. Differences high value between Multitemporal Stereo ILOM 276 1 1.227 -0.227
Satellite Imageries and Indonesia geoid model ILOM 280 4 4.283 -0.283
LOM 273 3.83 2.365 1.465
This value is quite good and has a high accuracy. This good ILOM 275 2 2.958 0.958
results archieved because all the test area have flat surface. The ILOM 298 3 3.229 -0.229
difference results may be archieved if the earth surface is ILOM 270 3 2.989 0.011
sloping and undulating surface. ILOM 290 4 4.921 -0.921
LOM 275 1 1.811 -0.811
5.2 Result for LIDAR DEM ILOM 278 2 0.56 1.44
. . ) . LOM 267 3 1.225 1.775
;ID$R| DEM ginhe_ra;ed has a SE?S:!RW[S)CI)EIII\J/:IO” fof 2n[1) (flgyre ILOM 286 5 3.229 1771
). Evaluation of high accuracy Li perform by using LOM 263 3 0.782 > 018

same ICPs. Evaluation results show quite different results with
the previous results.

Figure 9. LIDAR DEM from point cloud LiDAR

Table 4. Differences high value between Multitemporal Stereo
Satellite Imageries and LiDAR DEM.

RMSEz value calculation performed to determine the vertical
accuracy of each DEM has produced. RMSEz calculation is
done with 90% confidence range (LE90). Table 5 presents the
results of RMSEz calculation and accuracy of each DEM that
have been in formed.
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Multitemporal Stereo
Aspect LiDAR DEM Satellite Imageries
DEM
RMSEz 0.922414374 1.127497213
Accuracy 1.521891476 1.860257652
Maps Scale | 1:5000/ Class 3 1:5000/ Class 3

Table 5. Vertical accuracy comparison between Multitemporal
Stereo Satellite Imageries and LIiDAR DEM

RMSEz of LIDAR DEM is 0.92241m, while Multitemporal
Stereo Satellite Imageries is 1.127497m. There are differences
in both the RMSEz value DEM generated. LIDAR DEM has
better RMSEz value than Multitemporal Stereo Satellite
Imageries DEM. The vertical accuracy calculations performed
at a 90% confidence range (LE90) with 1.6499 multiplier value.
Vertical accuracy calculations show that the LIDAR DEM has
vertical accuracy 1.52189m and 1.860257m for Multitemporal
Stereo Satellite Imageries DEM. Based on Geospatial
Information Agency of Indonesia, LIiDAR DEM and
Multitemporal Stereo Satellite Imageries DEM can be used to
manufacture the base map scale of 1: 5000 Grade 3.

These results indicate that the DEM result of Multitemporal
Stereo Satellite Imageries has an accuracy that is not much
different from LiDAR DEM accuracy on a flat surface and can
be used to provide altitude information (contour) on a base
maps scale of 1: 5000 Class 3.

6. CONCLUSION

This research paper found that Multitemporal Stereo Satellite
Imageries DEM has difference high value from LIiDAR DEM.
The majority of the differences high value is one meter on a flat
area. Beside that, this research paper also found that
Multitemporal Stereo Satellite Imageries DEM has difference
RMSEz value from LIiDAR DEM. LiDAR DEM has better
RMSEz value than Multitemporal Stereo Satellite Imageries
DEM. The differences RMSEz value is 0.2m. Base on vertical
accuracy, Multitemporal Stereo Satellite Imageries DEM has
equal vertical accuracy compared to LIDAR DEM on the flat
surface. The vertical accuracy of each DEM in range 1.5m to
2.0m. Acoording to Geospatial Information Agency of
Indonesia these DEM can be used to create contour on base
map scale of 1 : 5000 Class 3.
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