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Comparison of Radar Derived Rain Attenuation with the
RazakSAT’s X-Band Link Signal Measurement
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Abstract—The preliminary analysis involving comparison
between radar derived attenuation using an S-band
meteorological radar and measured signal of RazakSAT’s
X-band satellite link is presented. The radar data employed was
attained from the Malaysian Meteorological Department’s
(MMD) terminal Doppler weather radar installed strategically
in the vicinity of Kuala Lumpur International Airport (KLIA).
The X-band (8 GHz) satellite-Earth signals of Malaysian
RazatSat’s collected at the National Space Agency (NSA) space
center have been analyzed and studied. The vertical
polarization S-band radar reflectivity information was used to
calculate the likely rain attenuation along the RazakSAT
satellite propagation paths. This was carried out by first
converting the radar reflectivity values into rainfall rate using
the established Z-R relations of Marshall-Palmer equation and,
afterwards, by evaluating the slant path attenuation through
the assimilation of the specific rain attenuation derived at the
rainfall rate.

Index Terms—Rain attenuation, radar, tropical region,
X-band, slant path.

. INTRODUCTION

RazakSAT is the second Malaysian remote sensing
satellite launched into the Near Equatorial Orbit (NEgO) on
14 July 2009. The received power signals of its X-band
downlink were monitored and recorded by the telemetry,
tracking and command (TT and C) center of Malaysian
National Space Agency. Acquired signals during rain were
compared to those of clear sky condition in the course of
quantifying the attenuation measurements. In a tropical
country like Malaysia, extreme rainfall is a frequent
phenomenon throughout the year. The detailed recognition of
the rain fade at the desired frequency of operation is critical
for the design of a reliable terrestrial and/or Earth space
communication link. It is of utmost importance to be able to
accurately anticipate the possible impairment encountered on
a given link. A number of results and models have been
proposed and are already made available, providing a
thorough description of the main propagation impairments
such as rain attenuation, gaseous absorption, cloud
attenuation, scintillation, depolarization and atmospheric
noise [1]. These effects highlighted are particularly related
within the tropospheric region. Among the most effective
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techniques that can be used to measure rain attenuation is by
conducting experiments, where the received signal strength
of a satellite beacon is monitored concurrently with radar
observation [2]. In this aspect, any available radar reflectivity
data becomes an attractive option for the study of rain
attenuation estimation and prediction. The radar reflectivity
data can be of huge advantage in predicting rain attenuation
due to its wide volume area coverage. The renowned Z-R
relation by Marshall and Palmer [3] that relates the value of
the measured reflectivity to the value of the rainfall rate is
according to;

Z= aRb (1)

where the radar reflectivity factor, Z (mm™® mm?® and the
rainfall rate, R (mm/hr), are dependent on the rain drop size
distribution (DSD) [3]-[6]. Marshall and Palmer published
the Z-R relation using the exponential DSD with a set of
general parameters of a = 200 and b = 1.6. Since radar
reflectivity and rain rate are functions of the DSD, and the
drop size distribution depends on the rainfall process and
varies geographically, there can be drastic differences in the
parameters of the Z-R relation at different geographical
locations [7]. One of the concerns would involve convective
rain events that are widespread over the tropical regions.
These convective events experienced in the tropics are
expected to have a different Z-R relation with respect to the
stratiform rain events that typically experienced in the
temperate regions and the sub-tropical regions. For the
tropics, a selection number of a and b parameters have been
proposed by previous researchers [8]-[10]. In the study, radar
data corresponding to period of RazakSAT operational
campaigns were procured. The estimated attenuation
evaluated from the radar reflectivity using data obtained from
the Malaysian Meteorological Department (MMD) located at
Sepang, Selangor was weighted against the measured
satellite slant path rain attenuation. The displacement
between the two locations is approximately 19 km. An
introductory analysis pertaining to the rain attenuation
assessment on the X-band satellite links is also included in
this paper. One of the critical aims of the study is to ensure as
well as validating the reliability of the attenuation due to rain
estimated / extrapolated from the Z-R relation models. In
achieving such objective, the RazakSAT satellite link
information were compiled and processed where the
measured attenuation data were utilized to corroborate the
results obtained from the radar modeled data.

Il. DESCRIPTION OF SYSTEM AND DATA

A. Radar System
The investigation of rain attenuation made use of single
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polarization S-band terminal Doppler weather radar data with
an operating frequency of 2.75 GHz. It is located about 10 km
north from the Kuala Lumpur International Airport. The
radar system is programmed to operate in two scanning
modes. Each mode includes sweeps of the surrounding area
at a predetermined elevation angles. Each elevation contains
360 rays of data corresponding to 360 azimuth angles with no
interlaced beams. The radar antenna rotates at the speed of 2
revolution per minute (RPM) with pulse repetition frequency
(PRF) equals to 300 Hz for scanning elevation angles of less
than 5°. The radar will be rotating at faster speed of 4
revolution per minute (RPM) with PRF equals to 1000 Hz for
angles of elevation between 5° to 40°.

Fig. 1. Overview of RazakSat system configuration and the ground
station located at banting, Selangor.

TABLE I: RAZAKSAT SPECIFICATIONS

Item Specifications
Orbit Near Equatorial Low Earth Orbit
(NeqO)
Altitude 685 km
Inclination 9°
Mass 187.6 kg
Envelope f1200mm "H1200mm
Attitude Control Accuracy 0.2
Power > 300 W
Payload Medium-sized Aperture Camera
Mass Storage Capacity 32 Gbits
Data Down Link 30 bps (X-Band)

B. RazakSAT Satellite System

The X-band (8 GHz) transmission signals from RazakSAT
were received, monitored, and tracked by the Hexapod
antenna. The signals were amplified and down-converted
into Intermediate Frequency (IF) before ingested to the
High-rate Data Receiver (HDR) for demodulation of QPSK
signal and bit synchronization. RazakSAT can be considered
as a small Low Earth Observation (LEO) weighing only at
about 200 kg. The satellite orbits the Earth in a unique
positioning identified as Near Equatorial Orbit (NEqO), at
nominal altitude of 685 km and 9 degrees inclination. It
carries a Medium-sized Aperture Camera (MAC) which is
the electro-optical payload of a pushbroom camera type with
5 linear detectors (1 panchromatic, 4 multi-spectral).
RazakSAT is operated and controlled from its ground
segment located in Sungai Lang, Banting, Selangor,
Malaysia. The ground segment i.e. Malaysian Space Center
consists of a Mission Control Station (MCS) and an Image
Receiving and Processing Station (IRPS). The RazakSAT
mission plan, command generation and telemetry receiving,
archiving and analysis was executed accordingly at the MCS

429

by a dedicated team of satellite engineers. Fig. 1 offers the
impression of the RazakSAT and the MCS system
configuration. Table 1 outlines some the satellite
configurations [11].

I1l. RESULTS AND DISCUSSION

Signal received from RazakSAT are available almost 14
times daily for duration of about 20 minutes each event. The
signals received each time the satellite passes the ground
station during clear sky and rain downpour were identified,
measured and compared in the course of action of calculating
the rain attenuation. Preliminary result involving the event
recorded on 24/8/2009 is shown in Fig. 2, Fig. 3, Fig. 4 and
Fig. 5, where clear sky condition (at 09:4009:55) and
attenuated power received signal (at 04:24-04:38)
respectively. Fig. 2 and 4 shows the rain events plotted versus
the received power signal whilst Fig. 3 and 5 demonstrate the
elevation angle of the orbiting satellite versus power received
signal during clear sky and rain events respectively. The
X-band signals at 40°, 20° and 15 ° elevation angles were
measured and the variations are listed in Table II.
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Fig. 2. RazakSAT’s power received signal time event during clear sky

condition.
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Fig. 3. RazakSAT’s power received signal plotted versus elevation
angle of the satellite during clear sky condition.
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Fig. 4. RazakSAT’s power received signal time event during rain downpour
condition.



International Journal of Computer and Communication Engineering, Vol. 2, No. 4, July 2013

375
37
36.5
36
35.5
35
345
34 T T T

20 40 60

80

Power Received Signal (dB)

Fig. 5. RazakSAT’s power received signal plotted versus elevation angle of

the satellite during downpour condition.

TABLE I: RAZAKSAT DATA COMPARISON DURING CLEAR SKY AND RAIN

EVENTS
RazakSat Power Power Attenuation
Elevation Received Received (dB)
angle Signal During
duringclear  Rain (dB)
sky
(dB)

40° 43 36 7

20° 44 38 5

15° 38 36 2
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Fig. 7. RHI scans from ground station towards RazakSAT path at 40°
elevation angle.

The corresponding MMD S-band radar data of the said
date and times were retrieved in order to authenticate that the
RazakSAT slant path satellite-Earth link was indeed
attenuated by heavy downpour. The radar image confirms the
existence of rain events where Fig. 6 shows the Plan Position
Indicator (PPI) snapshot at the stipulated time from radar data
generated using IRIS software where convective rains existed
as expected. Concurrently, Fig. 7 portrays the display of
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Range Height Indicator (RHI) scan for the rain event on 24"
August 2009 at the time 04:28:09. The vertical axis indicates
the height above ground from the ground station site up to 10
km with clear indication of the rain height. The horizontal
axis on the other hand shows the range distance from the
station. In the approach of identifying the probable estimation
using the radar information, a solid line was sketched
emulating the slant path range distance from ground station to
satellite site at Banting, Selangor at 40° elevation angle. The
color bar in both figures indicates the reflectivity (dBZ) that
was detected by the radar.
The total slant path attenuation was then calculated
through the numerically summation of;
> KROALI @)
In (2), R; is the rainfall rate value and AL; is the path length
at each Cartesian i pixel along the slant path between the
Earth station and the satellite. Therefore, from the RHI scan,
the attenuation can be estimated using radar reflectivity, dBZ
values based on each Cartesian grid or what is typically
identified as bins. Converting dBZ to Z was achieved using
the equation;

dBZ =10logZ 3)

After calculating each bins along the slant path at different
elevation angles of interest (40°, 20° and 15°), Z = 2.5 x 10%
mm® mm™ was identified. Subsequently, the Z-R relation
relates the value of the measured reflectivity to the value of
the rain rate according to the general formula given in (1) by
Marshall and Palmer. According to Marshall-Palmer, the
radar reflectivity factor and the rain rate are both dependent
on the rain drop size distribution (DSD) [12]-[14]. Marshall
and Palmer is a well-known Z-R relation that was somewhat
optimized for stratiform type of precipitation. With
reflectivity, Z is equal to 10°%*mm® mm=, whilst Z = 200R*®
and hence R = 3.6x10" mm/hr. From rainfall rate, the
specific attenuation can be calculated at the specified X-band
frequency using ITU-R Rec. P.838-3 [15];

y =kR* (4)

The coefficients of specific attenuation, k and o, can be
obtained from the ITU-R Rec. P.838-3and are dependent on
the link elevation angle, the radiowave frequency and
polarization as shown;

k=[k, +K, +(k, —k,)cos*dcos2r]/2 (5)

a=[k,a, +k,a, +(K,a, —k,a,)cos’ @cos2z]/ 2k (6)

Table 11l shows the value suggested by ITU-R Rec.
P.838-3.

TABLE I1I: ITU-R REC. P.838-3 SUGGESTED VALUE FOR K AND .

Frequency (GHz) 8
kH 0.004115
oH 1.3905
kv 0.003450
oV 1.3797

The corresponding values at 8 GHz frequency for k and «
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are 0.00369399 and 0.0126 respectively. Substituting k and o
values to the equation (4) the specific attenuation, vy can be
obtained equating to value of 0.012 dB/km. Several angles of
the satellite slant path length were assessed where each
elevation angle offers different attenuation levels as tabulated
in Table IV.

TABLE IV: ESTIMATED ATTENUATION LEVELS FROM RADAR
REFLECTIVITY AT DIFFERENT ELEVATION ANGLE.

Elev Path Radar Satellite Variation
angle length estimated Measurements
(km) values (dB) (dB)
40° 42 5 7 2
20° 34 4 5 1
15° 33 3 2 1

IV. CONCLUSION

Based on the selected rain event, it can be concluded that
the values calculated from the radar reflectivity estimation
are found to be lower when compared to the actual satellite
measurements. These indicate and suggest that an

improvement in the formula should be thoroughly researched.

The next subsequent research undertaking will involve
attempts of devising a formula that can accurately predict the
attenuation using the radar reflectivity information. At this
particular instance, it is observed that lower elevation
involves lower attenuation with minimal variation than
higher elevation angle where longer path length is affected by
rain. The satellite transmission link performance is strongly
dependent on the path length affected by rain as well as
precipitation characteristics along the slant path, where both
affect the system performance significantly. The research
will evidently attempt to configure a new model to derive rain
attenuation prediction using radar information in tropical
region.
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