VOL. 10, NO 21, NOVEMBER, 2015

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences n ;\E

©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

A MODIFIED EFFECTIVE PATH LENGTH FOR PREDICTING
RAIN ATTENUATION BASED ON MEASUREMENTS IN
PENANG-MALAYSIA

Ali Kadhim Lwas', MD. Rafiqul Islam', Mohamed Hadi Habaebi', Singh Jit Mandeep2, Ahmad Fadzil Ismail’,
Jamal Ibrahim Daoud® and Alhareth Zyoud'
'Department of Electrical and Computer Engineering, University of International Islamic Malaysia, Jalan Gombak, Kuala Lumpur,
Selangor, Malaysia
Department of Electrical, Electronic and Systems Engineering, University Kebangsaan Malaysia, Jalan Reko, Bangi, Selangor,
Malaysia
3*Department of Science in Engineering, University of International Islamic Malaysia, Jalan Gombak, Kuala Lumpur, Selangor, Malaysia
E-Mail: alilawas @yahoo.com

ABSTRACT

A modification to an effective path length for predicting rain attenuation in Malaysia is proposed in this paper.
Due to the scarcity of actual signal measurements at high frequencies-bands in tropical climates make predicted models are
key resource for generating rain attenuation. A modification to calculate the effective path length is introduced in the
original model. A control parameter rho is also induced based on the rain intensity variations along the slant path. A new
value is suggested according to measurements in Malaysia. The results showed that modified rain attenuation model has
significantly improved the rain attenuation prediction in Malaysia.
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INTRODUCTION

Knowledge about the outage probability of a
satellite system is essential for any satellite
communication system designer. Therefore, it is very
important to determine the rain fade characteristics, and
analyze the rain attenuation in-depth. Accurate estimation
of rain attenuation leads to propose the appropriate and
suitable mitigation technique for the rain effect. Any error
in the estimation of rain attenuation leads to increase the
outage probability and lost the satellite signal for some
period of time [1]. Most of the available studies in the
literature are conducted in temperate region where rain has
different characteristics, thus, such results and analysis
proposed by these studies will not be appropriate for
tropical regions like Malaysia [2-3]. In temperate regions,
the rain cell size is large and the rainfall is moderate while
in the tropical regions the cell size is smaller and the rain
is convectional [4-7].

The differences between temperate and tropical
regions are not only in rainfall rate but also in the rain
structure and spatial structure between the Earth base
station and the satellite [8]. The rain height in temperate
region is less than the rain height in tropical region where
it reaches up to 10 km [9]. Evidently, the slant path of
satellite signal between the Earth base station and the
satellite is a function of the elevation angle. Therefore, the
slant path in tropical regions will be subject to strong and
higher rainfall rate than in temperate regions. Of course,
not the whole path of the satellite signal will be subject to
rain. The part of the path that is covered by rain is called
the effective length as shown in Figure-1. Based on

previous studies, the effective length is a function of
elevation angle, rain height, and rainfall rate. Based on the
above description, therefore, the effective path length
determination models proposed for temperate regions will
not be accurate for tropical regions. Furthermore, the rain
attenuation prediction models which are proposed based
on the data from temperate regions will be unsuitable to be
applied in tropical regions too.

Therefore, and based on the above description,
the effective path length determination models that
proposed for temperate regions will not be that accurate
for tropical regions. Furthermore, the rain attenuation
prediction models which proposed based on data from
temperate regions will not suitable also to be applied in
tropical regions too.

The objectives of this paper are to modify the
equation used to calculate the effective path length, and to
propose control parameters of variation intensity in
Malaysia. To meet these objectives, rain rate and rain
attenuation were measured concurrently at University
Science Malaysia (USM) campus (5.17° N, 100.4° E) and
were used to test the modified model. This paper shows
very promising results for the rain attenuation prediction
in tropical regions.
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Figure-1. A diagram showing the propagation path, Hy is
the rain height and L, is effective path length.

PROPOSED MODIFICATION
The total attenuation along slant path can be
estimated as [10]:

A(dB) = y(dB/km)x L, (1)

where the effective length L, is the part of path length that
is subjected to raining and the first term of Equation (1) is
a specific rain attenuation over a kilometer and can be
determined as [11]:

y(dB/km) = kR’ ?)

where k and o are related to the frequency and the
polarization of the traversing signal and raindrop size
distribution.

To determine the effective length, some main
parameters such as rain intensity, rain height and elevation
angle were taken into consideration.

However, Equation (3) presents prediction rain
attenuation model of two layers as shown in Figure-2 and
it is proposed to estimate rain attenuation at any time
percentage by inserting the values of point rain rate
exceeded R, with a given probability and effective
length [12].

A=k,R"L, +r“k,R* (L, —L,) A3)

The first term in Equation (3) is predicted rain
attenuation for rain layer while second term presents rain
attenuation for melting layer. L, and Ly represent the
raining path through rain layer and melting layer

respectively as shown in Figure-2 and can be determined
by:

_H,-H,

sin(@) @
_Hy,—H,—h

sin(@) )

where theta (6) is the elevation angle of slant path between
Earth station and satellite, H, presents the Earth station
latitude and 7 is the thickness of the melting layer which is
0.36 km while Hy is the height of rain and it can be
estimated by [13].

H,=h,+036 km ©)

where hy is the 0°C isotherm height, for Malaysia is 4.5
km.

The prediction rain attenuation model in Eqn. (3)
depends on rain height and elevation angle to determine
rain height length, while neglecting the rain intensity
variations. The authors in [14] proposed model to
compute the L,y based on rain height, elevation angle and
the rain intensity variations. This model is adopted with
some modification to calculate the effective length as
following:

__ p—oapLcos(@)
1-R;

L,= 7
7 apIn(R,)cos() 7

where p is a controlling parameter representing the rain
intensity variations along the satellite path. In addition, the
value of L in the above equation is proposed to L, as
shown in Figure-2 for rain layer. In prediction rain
attenuation model as explained in Equation (5) can be
modified by replacing L, by L,; as in (8) and (Lg-Ly) =
h/sinf as shown in Figure-2 as follows:

_ 70{ApLA cos(@)

A=k,R* i
a,pIn(R,)cos(6)

+Nr“8k,R® ,h
” sin(0)

®)

where N is defined as a binary operator that can be
expressed as
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N = €))

where Hp, is proposed by [15] and given by:

H, =4.5+0.0005R," (10)

The parameter (N) value in (9) determines the
output of prediction rain attenuation model in (8). The
model will consider the rain attenuation by both of rain
and melting layer (N=1). On the other hand, the rain
attenuation is only calculated for the rain layer (N=0).
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Figure-2. Parameters diagram of two layers model of
precipitation and Earth - satellite link geometry.

PROPOSED CONTROLLING PARAMETER

The percentages of measurements rain rate are
used in Equation (8) and compare with the measured
values of rain attenuation for one year in order to establish
the value of the parameter tho (p). The Octave software
was used to solve (8) to determine the rho (p) value.
Octave software is defined as a high level programming
language; it has a capability for the numerical solution of
linear and nonlinear problems .The appropriate rho (p)
value for several measured data is found to be between
1/10 and 1/35 and the best fit for Malaysia is found to be
1/15. Maximum and minimum values of rho that fits
different data measured are illustrated in Figure-3.
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Figure-3. Different values of rho are explained in (a-d),
(a) minimum and (d) maximum for measured data using
modified model.
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COMPARISON AND DISCUSSIONS

The receiver site was located at University
Science Malaysia (USM). The antenna was pointed
towards SUPERBIRD-C located at 144°E. The signal
frequency of receiver was 12.255 GHz and it was
horizontally polarized. The diameter of receiver antenna
was 2.4 m. The elevation angle of slant path was 40.1°
and the height of receiver site above sea level was
approximately 57 m.  The tipping bucket rain gauge was
placed close the receiver antenna and its capacity was 0.5
mm per tip. One minute integration time was used to
compute the rain rate. The time of measurements was
close to 96% over one year.

The complementary cumulative distributions of
rain rate and took difference percentage of time change
from 1% to 0.001% to generate prediction rain attenuation
using modified model (8) and control parameter
(tho=1/15).

The complementary cumulative distribution of
the real rain attenuation was compared with modified
model and ITU. R. P.618-11 model as shown in Figure-4.
The ITU-R model underestimates the measured rain
attenuation throughout all percentages of time. The
modified model agreed well with the measured signal. The
measured rain attenuation, at 0.001 % and 0.01 % time
percentage are 27.3 and 22.3 dB respectively; while the
modified model values are 28 and 22.5 dB and the ITU-R
model values 18.8 and 15.3 dB.
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Figure-4. Complementary cumulative distribution of rain
attenuation at 12.225 GHz: Predictions using the modified
modeland ITU-R P.618-11.

CONCLUSIONS

This paper presents a modification to an effective
path length for predicting rain attenuation from measured
rain intensity in Malaysia. The method will be very useful
due to the lack of real signal measurements at Ka and V-
bands in tropical regions. A modification for the
calculation of the effective path length is introduced in the
original model. A control parameter (p) is also introduced
to represent the rain intensity variations along the satellite
path and a new value is proposed based on data measured
in Malaysia. The proposed model was validated with

measurement and found to be accurate in predicating rain
attenuation measurement on Earth-to-satellite link at Ku-
band in Malaysian tropical climate.
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