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ABSTRACT

A Rainfall Detection Radar (RDR) is a simple weather radar based on marine radar that able is to detect the
rainfall within 40 km of range located in Bandung. This system is able to conduct continuous operation, with tem-
poral resolution of 3 minutes with data analysis using an image processing method, to analyze the observation data
on March 9, 2014 during the landslide event. The landslides are located 24.6 km southwest from the RDR site. Ac-
cording to observation data, there are 2 large rainfall areas distribution that appear near the landslide location. The
second rainfall area is estimated to have initiated the landslide. This second area has two detected object. Object A
showed first with maximum size of + 6.47 km”. From the image processing point of view, the object A contributes
to the size area of object B. Object B is the second object detected soon after object A appears. Object B has three
peaks of its estimated size area with the highest size of + 19.4 km? occuring in 16.14 LT, and will move towards the
southeast affected by local wind leaving the landslide location in 16.37 LT. RDR mean rainfall intensity in radius

of 1 km from landslide location on 9 March showed the range value from 0.5-2.5 mm/hour that is located in the
east side of the landslide location with the duration over 1 hour.

Keywords: RDR, rainfall, image processing, landslide

ABSTRAK

Radar Deteksi Hujan (RDH) adalah radar cuaca sederhana berdasarkan radar kapal yang mampu mendeteksi
hujan dalam jangkauan 40 km yang berada di Bandung. Sistem ini mampu melakukan pengamatan secara terus-
menerus dengan resolusi temporal 3 menit dengan analisis data menggunakan metode pemrosesan citra untuk
menganalisis data observasi pada kejadian longsor tanggal 9 Maret 2014. Lokasi longsor berjarak 24,6 km dari
lokasi RDH dan berdasarkan data pengamatan terdapat 2 area hujan yang berukuran besar yang muncul di dekat
lokasi tanah longsor. Area hujan kedua adalah area yang diduga menginisiasi terjadinya tanah tongsor. Area hujan
ini memiliki 2 objek yang terdeteksi. Objek A muncul periama kali dengan ukuran maksimum hingga + 6.47 km>.
Dari sudut pandang metode pengolahan citra maka objek A memiliki kontribusi terhadap luas dari objek B. Objek
B adalah objek kedua yang muncul sesaat setelah munculnya objek A. Objek B memilild 3 nilai puncak yang mana
estimasi luas area hujan berada di nilai maksimum, dengan yang tertinggi terjadi pada 16.14 WIB dengan luas +
19.4 km’ dan akan bergerak menuju arah tenggara dipengaruhi oleh faktor angin lokal dan meningggalkan lokasi
longsor pada pukul 16.37 WIB. Intensitas hujan rata-rata RDH pada jarak radius 1 kom dari titik lokasi longsor

pada tanggal 9 Maret 2014 menunjukdan nilai dengan rentang 0.5-2.5 mm/jam terjadi di bagian timur dari lokasi
longsor dengan durasi di atas 1 jam.

Kata kunci: RDH, hujan, pengolahan citra, longsor
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INTRODUCTION

Indonesia has experienced several disasters
during 2014. These disasters include flood,
landslide, whirling wind, volcano, etc. Landslides
have become the deadliest disaster during this
period. The landslide disasters are spread in 12
provinces in Indonesia and West Java has the
highest frequency besides Central Java and East
Java,

The relation between intensity and also the
duration of the rainfall event with the landslide
initiation have been investigated by many re-
scarcher. One of the primary triggers for landslide
event is the rainfall with high intensity and/or
long duration.?! Others suggest that the landslide
initiations are more sensitive to high intensity
rainfall factor rather than long duration rainfall
factor Bl There are also another parameters that
have been investigated which include the cumula-
tive rainfall, previous rainfall, rainfall intensity,
and also rainfall duration. 1

West Java is a province located in the middle
of a valley-basin topography, surrounded by
mountain and valley. This condition will sup-
port the impact of the landslide. Ground based
observations are needed to monitor the rainfall
event in accordance with landslide initiation.
One of this ground based instruments for this
observation is the weather radar. Weather radar
is capable to detect rainfall distribution based on
the reflectivity of the backscattering echo. Long
range weather radars have proved to be useful for
weather forecasting and qualitative surveillance.

However, weather echoes can only be detected
at high altitudes without beam shielding caused
by mountain or terrain blockage.® There is also
a generally decrease of comparison between long
range radar and surface precipitation estimates
generally along with increasing range detection.
¢! For this reason, it is difficult for the operated
long range weather radar to conduct monitoring
into the area. That is why a new strategy must be
proposed by using an affordable instrument that
could be installed in this certain area.

A new method using an X-Band radar in-
stalled in mountain-valley location have been
applied in many countries. One of these examples
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is the X-band radar in Italy supported by the
RSG (Remote Sensing Group) of Polytechnic
Turin. This system is an added instrument for
precipitation monitoring placed inside the valleys
area. This system is able to combine with the
long range weather radar.” A simple weather
radar based on marine radar development has
been conducted since 2011. This system called
RDR (Rainfall Detection Radar), a simple radar
scanner that detects the rainfall within 40 km of
range located in Bandung. This system consists
of a radar scanner, a radar display, a controller, a
signal conditioning unit, a signal processing unit
and a computer.® System display was plotting
the radar digital image based on sampling and
quantization process. A static map was used to
overlay the reflectivity data and able to calculate
the coordination of the reflectivity object ). This
system is able to conduct continuous operation
with temporal resolution of 3 minutes with a good
result on validation based on weather radar and
rain gauge data.

A new RDR data analysis using an image
processing method has been developed. The
aim of this paper is to analyze this data analysis
based on the observation data in 2014 during the
landslide event.

METHODOLOGY

RDR have been developed by LAPAN utilizing
a marine radar with improved signal process-
ing acquisition. The ADC count-reflectivity
data then converted into rain intensity based on
field experiment and observation. Rain object
areas were analyzed by using image processing
to recognize the shape and width of the object.
Edge detection was the first process in the image
processing, continued with image segmentation
and shape analysis. These processes were then
combined in order to find the growth and decay
of the rain object.

Rainfall Detection Radar

RDR is a simple marine radar consists of radar
scanner and display units, a radar control cir-
cuit, a signal conditioning circuit, an Analog to
Digital Converter (ADC), and a computer with a
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Graphical User Interface (GUI). Clutter map and
a developed second clutter filter are designed to
extract the rain echo signal from the raw signal.
Early studies have been conducted to find the
performance and ability to extract the rainfall
data. Validations based on field comparison with
LAPAN Traosportable Gamic Mini Weather
Radar (GMWR) have been conducted to find the
variable for reflectivity radar output conversion.
The sensitivity of this system is lower than that
of GMWR with the range from 0-55 dBZ with
light and moderate rains from 0-29 dBZ and
heavy rain from 30— 55 dBZ. "™ There are several
weaknesses of this X band radar, this system is
very sensitive to rainfall that it will attenuate
the radar signal when there is a storm or heavy
rainfall. The radar signal cannot penetrate this

heavy rainfall so it cannot detect the object behind
them.

Reflectivity-rainfall (Z-R) relationship was
built to produce reliable radar-based rainfall
intensities applying radar reflectivity data in hy-
drometeorology.!'"! The rain intensity R is related
to the radar reflection Z based on the connection
with the power law. The rainfall amounts can be
estimated using this relation via the Z-R relation.
(121 Field observations have been conducted from
January to March 2014 to find the appropriate
Z-R relation with this RDR system.[¥] The result
showed strong linier relation between RDR data
with rain gauge data with a Z-R equation that is
now applied to the system.

Rainfall Physical Analysis using Image
Processing

The RDR acquisition system will extract the
rainfall data and transform into Cartesian coor-
dinate data in a form of matrix and image data.
This image data were then processed using image
processing to analyze the physical parameter of

the rainfall distribution. This process consists
of several steps those are edge detection, image
segmentation and shape analysis respectively.
Edge detection was the first step to distinguish
an object with another object. This technique
was to find the poSition of the object based on
horizontal, vertical and their combination of pixel
intensity difference.") Image segmentation was
the second step where each image object then
labeled based on its index. Eight connected
label method were used by observing the four
ncighbor pixel With each object arca given a
different index."*l This method will detect the
amount of rain object area thay was detected by
the RDR. Shape analysis was the final step where
the system will measure the gjze of each rain
object area from the earlier method then find the
highest area that usually possesses large amount
of raindrops. This highest area will be marked and
observed for its growth/decay and also its move-
ment. Optical flow is the distribution of apparent
velocities of movement of brightness patterns in
an image. Hom-Schunk optical flow is the global
variation method of optical flow algorithm using
quantization of image sequences.!'! This image
processing systems were then applied to analyze
the rain area and duration in a landslide event that
occured during observation on March 9* 2014,

RESULTS AND DISCUSSION

Based on National Agency for Disaster Manage-
ment (Badan Nasional Penanggulangan Ben-
cana-BNPB) data, there were several landslides
occurred during February until March 2014,
in which three of them happened around West
Java within radar scope. These disasters were
dominantly caused by unstable land structure
and also rainfall. Then, an attempt was made to
analyza rainfall factor by the RDR observation
data among those disaster, with the location and
the casualties are stated in Table 1.

Table 1. Landslide Location
Date . ' .ioestion . lattude longitude - ‘thsses . Expkination.. ‘-
9-3- Kp. Lampengan Ds.Wangunsari  -7,03362 107,414 6 house  Heavy rainfall with un-

2014 Kec. Sidangkerta Kab. Bandung
Barat Prov. Jawa Bara

damage stable land structure.

(Source: BNPB, 2014)
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Figure 1. Location Observed in Google Earth
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Figure 2. Daily Average of Rainfall 6-9 March 2014, based on GsMAP Satellite Observation

The landslide is located 24.6 km southwest
from the RDR site. This disaster was recorded
m 16.20 LT (Local Time) at Kp. Lampengan
Ds.Wangunsari Kec. Sidangkerta Kab. West
Bandung West Java Province. The terrain location
observed from Google Earth (insert on Figure

1) has an elevation of 844 meter above sea level
with the surrounded areas that have a different
elevation where in the east and south side is
relatively ascended (slope forward), while the
west side is relatively constant and the north side
is relatively descended.
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Figure 3. GSMAP-MTSAT-RDR Hourly Maximum Observation, (a) 06032014 —19.00 LT, (b) 07032014 —-23.00
LT, (c) 08032014 — 17.00 LT, (d) 09032014 — 18.00 LT.

Before continuing with the research, GSMAP
(Global Satellite Mapping of Precipitation) data
were used to sec if there were any precipitation
events on the day of the attempt and the previ-
ous three days. GSMAP is a project to study the
production of a high-precision, high-resolution
global precipitation map using satellite data.!'’-2%

Figure 2 is the daily GSMAP of precipitation
intensity observation data from March 69, 2014
around Java Island. Focused on West Java region,
there were precipitation intensity in this area.
The precipitation also covered the landslide area
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Figure 4. Second Area Object of Rainfall Detected by RDR
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(a) (b)

Figure 5. Image Processing Result on Object A, (a) Object Mark in 15.31 LT, (b) Reflectivity Area in 15.31, (¢)

object mark in 15.47, (d) Refiectivity area in 15.47

Figure 6. Image Processing Result on Object B, (a) Object Mark in 15.40 LT, (b) Reflectivity Area in 15.40 LT,
(c) Object Mark in 16.14 LT, (d) Reflectivity Area in 16.14 LT

(represent in X mark) in the last three days before
the landslide occurs.

Figure 3 is the maximum data from three
different observations. Figure 3a is the hourly
GSMAP data, Figure 3b is the hourly MTSAT
(Multifunctional Transport Satellite), and the
Figure 3c is the hourly RDR average data. Com-
paring the GSMAP rainfall intensity with the
cloud top temperature from MTSAT observation
will support the analysis on the global precipita-
tion occasion. Meanwhile, the reflectivity-rainfall
intensity conversion from RDR will give more
detailed (local) information on this precipitation
event.

The maximum data were used in this com-
parison to have a wide coverage (global and
local) of the precipitation event. Precipitation
intensity from GSMAP showed that precipita-
tion area are well-covered with the cloud top
temperature which possesses a low temperature.
This precipitation occured in the mainland during
the afternoon until the evening. The circle area
represented the RDR coverage compared with the
GSMAP and MTSAT. From this comparison, it

showed that in RDR there were several rainfall
intensity areas that occured during this period.
Although it was difficult to compare RDR data
with the satellite data, they all confirmed that
there were precipitation events on this region
during the days, ranging from light into heavy
rainfall.

The RDR observed the reflectivity from the
precipitation echo with a scan method of hori-
zontal scan, 0.8 us pulse length, 600 Hz pulse
repetition rate, and 3 minutes temporal sampling
resolution. Based on the RDR observation, there
were two large rainfall area distribution that ap-
peared near the landslide location on Figure 4
(Black dot represents the landslide location, while
Red dot represents RDR location). The first area
appears in the north side of the location in 14.48
LT. This area then grew and reached its maximum
at 15.24 LT. The nearest distance between this
area and the landslide location are 4.02 km, so
probably there was less impact on the landslide.
Meanwhile, the second area appeared in the east
and southeast of the location at 15.33 LT. These
areas were observed very near with the landslide
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Figure 7. Comparison of Two Object, (a) Area, (b) Growth/Decay rate

location (less than 1km) with two detected objects
(Figure 4) as a primary object sample (object A
and object B).

Using an image processing method, the two
object were analyzed to measure its intensity,
maximum area, growth/decay rate and also the
vector movement. The first object (Object A) de-
tected in 15.31 LT at coordinate 107.44729° E and
7.075134° S (Figure. 5a). This object possessed a
proximity area of 1.65 kin?, average reflectivity of
17.9 dBZ. The reflectivity distribution are shown
in Figure. 5b where there was a single maximum
area inside it. This object then grew, reaching
its maximum with an area of 6.47 km?, average
reflectivity of 20 dBZ in 15.47 LT (Figure 5c).
The maximum area were increased into three
maximum areas (Figure. 5d). This object will
decay in 16.07 LT.

Second object (object B) appeared at
107.45053° E and 7.020105° S in 1540 LT
(Figure 6a). This object possessed an area of 2.69
km?, average reflectivity 18.1 dBZ with the area
were shown with two maximum areas inside it

(Figure 6b). This object will grow rapidly until
16.14 LT (Figure 6c) with the total area estimate
of 19.4 km? and reflectivity average of 20.4 dBZ
(Figure 6d).

Comparison of area and growth/decay rate
between the object A and the object B are in
Figure 7a and 7b respectively. The object B has
a higher area rather than the object A. Using
the shape analysis, these two objects seemed to
combine each other in 15.54 LT and separated in
15.58 LT. The object B also has three maximum
peak where the highest peak was the one that
started to drift into the southeast. Object B has
lower growth rate but a longer lifetime rather
than object A.

The movement of this object are shown in
the pixel velocity vector. By using optical flow,
it will get the pixel velocity vector based on
Horn-Schunk Method. Before the object were
combined, the expand growth of these two
objects stretched to all direction in the (Figure
8a). Although the reflectivity intensity from these
two objects were lower than 40 dB for threshold
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Figure 8. Vector Movement Object A and B, (a) 15.47 LT. (b) 16.14 L1
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Figure 9. Wind Vector ERA-Interim model on 9 March 2014, (a) 13.00 LT, (b) 19.00 LT
Table 2. Estimated Prec1p1tat10n Duration
. Date . fiR[_Jl_i A Duration G}SMAP Duration
06/03/2014 17.07-17.46 0.38 16.00 - 24.00 6
18.43-19.51 1.08
07/03/2014 14.13-15.40 1.17 13.00-15.00 2
17.00-24.00 7
08/03/2014 14.19-15.04 1.44 00.00—-04.00 4
16.00 —19.00 3
09/03/2014 15.47 - 16.37 1.49 16.00 —19.00 3

of convective type,?!! but from this stretching
movement with steady location it can be assumed
that these two objects have a convective type
of precipitation. The growth of object A was
expanded until reaching its maximum and decay
rapidly, while object B will continue to grow.
Object B then will drift towards the southeast

direction starting in 16.21 LT and decay in 17.16
LT (Figure 8b).

This movement were confirmed with
the 10 meter above surface wind vector from
ERA-Interim data from ECMWF model™ with
resolution 0.1250 or + 12.5 km with 6 hours of
temporal resolution (Figure.9). The circle area
was the wind vector data within the RDR range
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Figure 10. RDR Rainfall Intensity in Radius 1 km From The Location in Different Days (March

6-9,2014)

scope. North westerly wind and westerly wind
were spotted in 13.00 LT and 19.00 LT. From the
RDR and ERA data, it showed that local factors
were affecting this rainfall movement although
the global movement showed from GSMAP were
moving towards the southwest.

Focus on the duration of the precipitation
event around the landslide area within this 4
days period based on the RDR and the GSMAP

data are described in Table 2. The duration from
both data have different variation but showed

above | hour of precipitation event. Although

%0

GSMAP data have low resolution (0.1° or + 10
km), but it gave the information that the RDR
cannot handle such kind of precipitation where
heavy precipitation are located near the RDR site
(precipitation event from 7 to 8 March) due to
attenuation. This attenuation will block the radar
beam so that it cannot detect precipitation in the
landslide area at those period.

g s bl ba- Rin o Sl Al Al Al Gl S i e e

Figure 10 is the RDR mean rainfall intensity
from the landslide center point location (black-
green circle) towards radius of 1 km (324 pixel)
in 4 days period. More spread rainfall intensity
were spotted in March 6, 2014, but in March
9, 2014 the mean rainfall intensity range from
0.5-2.5 mm/hour were located in the east side
of the landslide.

CONCLUSION

Landslide event on 9 March 2014 are analyzed
using the RDR image processing method based
on the rainfall factor. Verification on the existence
of the precipitation event are confirmed using
GSMAP and MTSAT data from 6 to 9 March in
2014. Although it is difficult to compare RDR
data with the satellite data, but they all confirm
that there are precipitation event on this region
during this period ranging from light into heavy
rainfall. Detailed analysis on the precipitation




Ginaldi Ari Nugroho. faries Satyawardh | Precipitation Event Analvsis ...

object near the landslide area showed 2 large
rainfall distribution area in the north side and
eastside of the landslide location. The eastside ob-
Jject are expected the have a landslide impact since
detected very near with the landslide location.
This distribution area have two object (object A
and B), object A showed first with maximum size
of + 6.47 km?, having 3 maximum reflectivity
value from a previous of one maximum reflectiv-
ity inside this object. From the image processing
point of view, the object A are contributed to
the area size of object B. Object B is the second
object that probably have a greater impact with
the landslide event. This object will grow rapidly
with an average growth rate up to + 0.45 km¥
minute from 15.42 LT until 16.14 LT. This object
has three maximum refiectivity value when the
size reach + 19.4 km?, and will move towards the
southeast affected by local wind leaving the land-
slide location in 16.37 LT. During this time until
fully decay, there are three peaks of its estimated
size area that occurin 15.54,16.14,and 16.51 LT.
Duration of the precipitation event at the time the
landslide occurs and three days before based on
RDR and GSMAP have a duration value above 1
hour. More detail on rainfall intensity in radius of
1 km from landslide location showed that spread
rainfall intensity were spotted on 6 March, but on
9 March the mean rainfall intensity range from
0.5-2.5 mm/hour were located in the east side of
the landslide. In the future, this system will be
expanded in order to forecast the rain object in
short-term period. This short term forecast will
gave an early warning for incoming rainfall and
will gave benefit to the authority or the institu-
tion that concerned with hydro meteorological
disaster.
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