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Abstract— Silica sand is one of the minerals which relatively abundant in Indonesia. One of the areas with abundant of silica sand
distribution is the northern coastline of Rupat Island, Bengkalis district, Riau province, Indonesia. The distribution of silica sand in
this island identified only on the northern coastline in this island. Some selected sample of silica sand was measured to get the
percentage of silica sand mineral’s content using X-Ray Fluorescence (XRF). Two adjacent scenes of ALOS PALSAR full-polarimetry
were used. The physical properties of silica sand sample such as dielectric constant were measured using dielectric probe kit in the
frequency range from 0.3 to 3.0 GHz and used for calculating the backscattering coefficient and the difference characteristics of silica
sand with another object. Freeman-Durdeen and Yamaguchi techniques were used to get the scattering decomposition of physical
scattering from the incoherent object model based. Surface scattering is the clearest of Scattering decomposition to show silica sand
identification compares with other decompositions. From surface scattering, the backscattering coefficient value of silica sand was
calculated starting from -59 dB until -52 dB. These values were given by the surface roughness condition, where the roughness is
slightly rough planar. The flat condition supported by the grain size of silica sand particles that have almost the same size and shape,
that were conducted by using microscopic photograph testing.
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frequency or polarizations SAR measurements are carried
out. The obtained multidimensional information allows the
identification of different scatterers via discrimination of
different scattering mechanisms [6]. The polarization
information contained in the backscattered wave is directly
related to the scatterer’s geometrical structure, its orientation
and even more important for geoscientific and related
applications its geophysical properties [6], [7].
The purpose of this study is to identify and detection of
silica sand distribution at the northern coastline of Rupat
Island by analyzed the physical scattering technique using
ALOS PALSAR data by calculated the relationship with the
silica sand electrical characteristic properties and compare to
the field data observation.

I. INTRODUCTION
Silica sand is one of the minerals which relatively
abundant in Indonesia [1], [2]. This is possible due to
Indonesia geological condition, which has an almost acidic
igneous rock that formed mineral’s source. Silica sand can
be found in the coastal area, rivers, lakes, beaches and some
of the shallow seas. One of the areas which has been
abundant with silica sand sedimentation is Rupat Island
(Figure 1), Bengkalis district, Riau province, Indonesia.
Silica sand in this island distributes in the north coastline
area.
Space-borne remote sensing with its bird's view capability
used for an alternative method for rapidly delineating and
classifying surface sediments [3], [4], [5]. The
optical/thermal and synthetic aperture radar (SAR) sensors
are most useful for mapping and classifying the surface
sediments. Usually, the reflected/emitted signals of
backscattered SAR waves provide information about the
physical properties of the objects. SAR data is very suitable
to use for geological or geoscience study such as surface
roughness and soil moisture estimations because the
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as the relation with the electrical properties of the object by
using the impedance characters of the surface roughness.
Based on the ground measurements and to simplify the
analysis, the impact of surface roughness on the scattered
waves was not considered, where field measurements
showed that the surface roughness was extremely shorter
than the L-band wavelength (23.5 cm) [9], [10], [11]. In
addition, the type of silica sand in this study area almost
homogenous based on the chemical and physical laboratory
analysis. Subsequently, the developed model was employed
with the assumption that the layer composed of two layers:
the first layer is silica sand and below silica sand layer is the
peat layer as the bedrock.
The incident wave was assumed to be a plane wave with
an incident angle . Where the effective impedance of silica
sand layer, the parallel impedance of peat layer, and total
input impedance are ZS, ZP, and ZTS, respectively. To
simplify the analysis, the parallel impedance of peat (ZP) is
neglected and assumed as zero (perfect conductor). From
Fresnel’s reflectivity coefficient and the total input
impedance, the reflection coefficient can be described as:

(1)
Where
is the complex dielectric constant of silica sand,
and the relationship between reflectivity coefficient with the
reflection coefficient (г) is:
(2)

Fig. 1. Geological Map of Rupat Island.

Thus, the reflection coefficient can be described form the
total input impedance (ZTS) and the wave impedance in air or
free space (Z0), and described as:

II. STUDY AREA
Rupat Island located at 1°41'12'' N until 2°7'41" N and
101°23'19'' E until 101°47'14'' E with the total area about
1,500 km2. Rupat Island is divided into 2 subdistrict. Which
is Rupat subdistrict with Batu Panjang as the capital and
Rupat Utara subdistrict with Tanjung Medang as the capital.
Two main formations in Rupat Island are Recent Surface
Sediment formation (Qh) and Older Surface Sediment
formation (Qp). Old Superficial Deposit formation (Qp)
consisting of clay, silt, clay, gravel and remains of plants.
Young Superficial Deposit formation (Qh) consisting of clay,
silt, gravel slippery, remains of plants and peat bogs. Those
formations are recent age. Silica sand in this island comes
from Malacca strait as the sediment transportation agent.
Silica sand distributes only on the northern coastline of this
island, for the southern coastline, it only has mud and small
grain size of sand.

(3)
Where
value is 120π ohms. Furthermore, the
backscattering coefficient from field
is defined as:
(4)
ALOS PALSAR backscattering coefficient (
given polarization mode is:

(dB) at a

(5)
Where CF is the conversion factor (-83) [12].
From equation (4) and (5) we can get different value of
backscattering coefficient from satellite and field
observations. This differentiation called as average error and
defined as:

III. MATERIALS AND METHOD
A. Synthetic Aperture Radar
Two adjacent scenes of ALOS PALSAR full-polarimetry
data (Table 1) were used, the full polarimetry ALOS
PALSAR scene acquired on May 16, 2010, and on April 03,
2011. Analysis method and model of scattered waves from
different types of topsoil (top layer) was developed [8]. This
method introduced calculation of backscattering coefficient

(6)
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B. Field Observation, Sample Validation and Laboratory
Test

IV. RESULT AND DISCUSSION
Two adjacent scenes of ALOS PALSAR full-polarimetry
data were used for this study (see Table 1). From the
equation (4) to (6) the differentiation value of backscattering
coefficient between satellite and field observations have
been calculated (Table 2). This differentiation is an error
caused by the object orientation while measured from those.

TABLE I
SPECIFICATION OF ALOS PALSAR FULL-POLARIMETRY DATA OF
RUPAT ISLAND

Configuration
Acquisition date
Wavelength
Spatial resolution

Level product
Incidence angle at scene
center
Orbit pass
Noise equivalent (NE σ0)
Absolute geo-location
accuracy
Absolute radiometric
accuracy

Quadpol ALOS PALSAR Data
Scene 1
Scene 2
05/16/2010
04/03/2011
23.5 cm
23.5 cm
1.27 GHz (L1.27 GHz (LBand)
Band)
Az: 4.5 m
Az: 4.5 m
Ra: 9.5 m
Ra: 9.5 m
P 1.1
P 1.1
25.752
23.948
Ascending
-30 ~ -31 dB
< 200 m

Ascending
-30 ~ -31 dB
< 200 m

0.7 dB

0.7 dB

TABLE II
BACKSCATTERING COEFFICIENT VALUE FROM ALOS PALSAR AND FIELD,
AVERAGE ERROR AND AVERAGE RATIO

Location

Dielectric
constant

1
2.972
2
3.359
3
3.259
4
3.359
5
3.159
6
3.259
7
2.891
8
4.362
9
2.892
10
2.972
11
3.421
12
3.359
13
2.821
14
3.259
15
2.891
16
3.259
Average
The total average error

This study covered the plotting of observation points for
geological mapping, also sand sampling and testing in the
laboratory. Field observation on the northern coastline of
Rupat Island started with these areas: Tanjung Mumbul,
Simpur Island, Kemunting Island, Babi Island, Beting Aceh,
Pajak Island, Beruk Island, Tengah Island, Tanjung Medang,
Teluk Rhu, Tanjung Punai, Tanjung Lapin, and Pasir Putih.
Based on observation on the field, there are 16 observation
locations with five main locations where samples collected
in these areas. The areas are Tanjung Api (TAp), Teluk Rhu
(TRh), Tanjung Punai (TPn), Tanjung Lapin (TLp) and
Beting Aceh (BA). Silica sand sampling was conducted
using the field sample collection such as excavation. The
samples. All sample from the observation location shows the
color of the sand is virtually white and homogeneous by
direct observation in the field. It gave suggestion that the
silica sand composition in this region have nearly the same
silica content.
To determine the content of silica percentage and the
compound of mineral properties, laboratory testing was used
for the sand samples obtained from the field survey. The
chemical analysis of silica sand samples is needed to get the
types of compounds/elements, physical properties and
percentage content of the compounds/elements.
A laboratory test was conducted to get the content of
minerals in these samples. X-Ray Fluorescence (XRF) was
used to get minerals content information. The microscopic
photograph also used to know the shape and size of the
fragment/grain of the minerals composition. From laboratory
test using XRF (X-Ray Fluorescence), the result from silica
sand samples shows the abundance of compounds such as
SiO2, TiO2, Al2O3, Fe2O3, MnO, MgO, CaO, Na2O, K2O,
and P2O5. XRF test was used to get compounds/minerals
percentage content for 5 main locations (Tanjung Api, Teluk
Rhu, Tanjung Punai and Tanjung Lapin).

Backscattering
Backscattering
coefficient of
Coefficient of
field
ALOS PALSAR
-53
-59
-49
-52
-50
-54
-49
-51
-51
-56
-50
-53
-56
-58
-42
-50
-54
-55
-53
-57
-48
-53
-49
-53
-55
-58
-50
-52
-56
-57
-50
-55
-50.94
-54.56
is: (-54.56) – (-50.94) = -3.62

The error of object measurement using field observation
and satellite methods caused by surface roughness, multiple
scattering, multiple objects at the same area (which mean has
multiple dielectric constant), water content, humidity,
weather condition, differentiation of incidence angle
between field and satellite image measurement. From these
conditions, the average error can be defined after measuring
the samples taken from the field. Based on the sample
properties measurement, dielectric constant shown an
important factor influenced the value of backscattering
coefficient compares with the other factors.
Freeman-Durdeen [13], [14] and Yamaguchi [15], [16],
[17] (Figure 2) techniques were used to get the scattering
decomposition of physical scattering from the incoherent
object model based. These techniques are based on physical
scattering where Freeman-Durdeen used 3 physical
scattering types: Double bounce scattering, Surface
scattering, and Volume scattering while Yamaguchi
technique used four physical scattering types: Double
bounce scattering, Surface scattering, Volume scattering and
Helix scattering. These techniques were used to show the
image of Rupat Island by using two adjacent images. In this
study area, double bounce scattering represents in red to pink
color, surface scattering represents in blue color, volume
scattering represents in green color and helix scattering
represents in yellow color. Silica sand distribution has dark
color in their representation. This dark color given by the
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surface roughness of silica sand distribution is almost flat
(Figure 3).

Fig. 2. Yamaguchi (Left) and Freeman-Durdeen Decomposition (Right) of Two Adjacent Scenes of Rupat Island.

Fig. 3. Above: Google Earth’s Image of Study Area, Below: Scattering decomposition image (A: Beting Aceh, B: Tanjung Api-Tanjung Punai).
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Fig. 4. Backscattering Coefficient from Each Polarimetric Decomposition.

From surface scattering, backscattering coefficient values
of silica sand were calculated starting from -59 dB until -52
dB. These given by the roughness of silica sand surface is
slightly rough planar, this condition supported by the grain
size of silica sand particles that have nearly identical size
and shape, that were conducted by using microscopic
photograph testing. Microscopic photograph of silica sand
sample (Figure 5) shows the shape and grain size of silica
sand is nearly identical. Based on the sedimentation process
by the transportation agent [18], [19], [20] it also suggests
that silica sand in this study area was transported a far from
its source. This analysis answered why silica sand appears
only on the northern coastline because the silica sand came
from non-in-situ, it was brought by the Malacca strait as the
sediment transportation agent.

V. CONCLUSIONS
This research that was conducted on the northern
coastline of Rupat Island shows the distribution of silica
sand in this area. Silica sand characteristic in this area were
studied using ALOS PALSAR full polarimetry data for its
electromagnetic character. Silica sand in this study area
gives the value of backscattering coefficient from -59 until 52 in dB value. This condition is given by surface scattering.
For this area, the distribution of silica sand is almost flat. XRay Fluorescence (XRF) was supported the data analysis to
prove the chemical properties value. By the XRF result,
Silica content in this silica sand has the highest percentage
compare than other minerals. The percentage of silica in the
sample of silica sand from this study area is above 95%.
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Fig. 5. Microscopic Photograph Shows the shape and grain size of Silica
Sand Sample is almost same.
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