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ABSTRACT The Ka-band is modifying the mode of legacy communication towards versatile satellite-
oriented systems with the beam-spot capability and a high-throughput architecture to provide twice the
capability of classic Fixed Satellite Service (FSS) satellites, thus significantly reducing the cost per bit. Given
this background, the contribution of precipitation rate and Ka-band downpour attenuation are expected to
improve statistical models for effect prediction. The International Telecommunication Union (ITU) and local
researchers are working tirelessly to determine the best prediction model for tropical climates. However,
persistent and continuous efforts are required because currently available models do not perform well. The
current prediction model for large datasets exhibits a certain deviation. Direct beacon measurement has been
compared with an available prediction model that analyses rain effects in tropical regions. Theoretically,
the size of the antenna and its gain influence the performance of the receiving signal. Size and availability
are two factors which cause degradation and outage in the receiving signal. The majority of extant studies
focus on a single antenna with a diameter lesser than 2.4m. Theoretically, antennas with a smaller diameter
possess a smaller margin in comparison with antennas with larger diameters. This condition could affect
the prediction model when the high attenuation causes a rapid outage in a small antenna and lead to the
unavailability of measurement results. To study such effects and provide a good recommendation, the current
work measures the beacon attenuation data at two locations, namely, Bukit Jalil (Kuala Lumpur) and
Cyberjaya (Selangor). The locations are approximately 15 km apart and have antennas from 0.65m to 31.1m
in sizes. Analyses using an available prediction model revealed that ITU-R P.618 provides the lowest RMS
value of 14.37 with regards to rainfall rate on two selected samples in Malaysia. High-accuracy prediction
can be achieved through the contribution of this study, and comparative data can be obtained for future
research. This study is an encouraging step towards a highly comprehensive and accurate prediction of
tropospheric impairments in Ka-band satellite communications in the tropical region.

INDEX TERMS ITU, rain attenuation, Ka-band satellite communication.

I. INTRODUCTION
Rain attenuation is a dominant impairment because it pro-
duces a significant amount of loss. This loss results in the
degradation of satellite-to-ground links and thus influences
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the reliability and performance of satellite communication
links [1]–[4]. Satellite signal strength is reduced under severe
rain conditions. Moreover, signal strength tends to decay
at a faster pace when being operated under Ka-band fre-
quency [3]. The majority of studies on the Ka-band propaga-
tion model have focused on European satellites, a few works
have examined prediction performance in Malaysia.
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The rain prediction model has been established and used in
recent years to provide reliable planning in communication
systems. An accurate prediction model for the line of sight
of satellite links is essential in planning and designing high-
capacity, point-to-point and point-to-multipoint radio com-
munication systems for frequency bands above 10 GHz [1].
Spectrum crunch disrupts the local operator and causes it to
move to high operating frequencies, such as the millimetre-
wave (mmWave). Researchers are combining their efforts to
obtain a solution to this issue.

The International Telecommunication Union Radiocom-
munication Sector (ITU-R) model is widely used by many
researchers [6], [7] and provides an almost accurate predic-
tion. However, tropical regions require further optimization
of the available ITU-R P.618 model because changes in rain
patterns are uncertain.

Past research has indicated that three models, namely,
ITU-R P.618, Dissanayake Allnut Haidara (DAH) and modi-
fied ITU-R [1], [2], [5], perform well in tropical regions with
high rainfall intensity [5]. Many studies have been conducted
in Malaysia [5]–[8], but the continuous effort is still required
due to constant changes in the global climate. This situation
is primarily due to global warming, which causes worldwide
rainfall patterns to shift [9]. Communication systems are
subjected to numerous fade occurrences under heavy rain.

The DAH and ITU-R attenuation models are similar,
except for the parameter of rain height. The rain height is
fixed at 5 km in the DAHmodel. Rain height for an area with
a given latitude and longitude depends on mean annual zero

degrees isotherm height as indicated in equation (1) [10].

hr = ho+ 0.36 km (1)

hr = mean annual rain height above the mean sea level.
ho = mean annual 0 ◦C isotherm height above the mean sea
level provided in an ITU R-REC-P.839-4 digital map.

The precipitation characteristics in tropical regions differ
even though most of the recommended models are based on
data obtained from temperate regions. This study aims to
enhance prediction performance in a tropical region.

II. SYSTEM DESCRIPTION
The Ka-band propagation measurement system uses small
to large antennas, as outlined in Figure 1. The aim is to
ensure that no missing data exist and that all data are analysed
precisely. The downlink receiving signal is passed on to the
Carrier Monitoring System (CMS), where the component
is placed in the same network. Village Island Village Flow
RF monitoring (VF-SMON) is connected to ensure that the
L-band signal is continuously logged parallel to the signal
from all other receiving antenna.

A detailed propagation measurement setup is shown in
Figure 2 to provide a clear understanding of the return down-
link signal setup. The front end of the signal is shared with the
digital tracking receiver (DTR) to measure the receiving bea-
con signal and integrate it into CMS. Most available systems
such as in [12] uses the polling method with a round-robin
mechanism when a parallel receiving system design is infea-
sible due to system limitations. This data logging mechanism

FIGURE 1. Typical block diagram of the system.
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FIGURE 2. Ka-Band return downlink and weather station logging setup.

TABLE 1. Characteristics of downlink Ka-band systems.

could reduce the accuracy of the measured data. The design
approaches can be utilized to recommend a good solution for
ensuring that all data are obtained without missing.

Moreover, the data logger from the local weather station
is incorporated into CMS to provide continuous data logging
(mainly rain intensity and temperature) from onsite meteoro-
logical sensors, as shown in Figure 3.

FIGURE 3. Display of real-time weather data.

Received Ka-band beacon signals are continuously mea-
sured with a spectrum analyzer (SA), which is fed from a
1:4 divider after the low-noise amplifier (LNA). The general-
purpose interface bus (GPIB) connection from SA is inte-
grated to transfer data to the CMS system for monitoring
satellite uplink and downlink performance.

Consequently, real-time beacon signals (Figure 4) can be
verified to ensure that the antenna is always tracking the
satellite (iPStar-1).

A. SATCOM ANTENNA SYSTEM
A General Dynamic (GD), multiple-size Cassegrain antenna
incorporated with precision-formed panels that demonstrates
excellent performance in receiving signals. The pedestals are
designed with full orbital arc coverage and readily adaptable
to ground or rooftop installations. The antenna’s electrical
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FIGURE 4. Received beacon signal captured from SA.

FIGURE 5. Receive pattern cut H-pol +/− 5 Deg, which complies with
ITU RS-580.

performance complies with FCC and ITU-RS-580 sidelobe
(red line in Figure 5) specifications and Intelsat (F3, E3) and
Eutelsat (L, S1) requirements.

The larger the diameter of the antenna such as 13.1m used
in this study, the better its radio wavelength is and the more
lobes its radiation pattern has [4]. Side lobes in receiving
antennas may pick up interfering signals and increase the
noise level in the receiver. The side lobe can be minimized by
providing a precise panel alignment. Thus, good directional
transmission can be achieved.

The selected antenna of 13.1 m provides a receive gain
of 63.2 dBi (at 20.2 GHz) that offers a good C/Nmargin com-
pared with other antennas that are <2.4 m [1]. The added
merit of large antenna size could sustain high rainfall con-
ditions and reduce the outage due to high directivity.

With this approach, the main design variable can be deter-
mined by comparing the performance of multiple antennas.

Such an approach also provides the statistical variation of
rainfall to achieve good agreement with observed data.

B. DIGITAL TRACKING RECEIVER SYSTEM (DTR)
DTR (Figure 6) converts the received satellite beacon signals
to DC voltage. The voltage is used to control the antenna
control unit and uplink power systems. The RF signal, which
is L-band, is further analyzed based on the clear sky value
that is set as ∼72 dBm (8 Vdc). Each reduction in the input
power level is recorded to determine the attenuation level of
receiving a beacon signal, as presented in equation (2) [3].

Attenuation (dB)

= Clear Sky level(dBm)−Received Signal level (dBm)

(2)

FIGURE 6. DTR typical operational display.

C. ON SITE WEATHER STATION
AVaisala weather station with a piezoelectric detector sensor
located under the weather transmitter is shown in Figure 7.
This technology has led to advancements in rain rate collec-
tion over the last century. It provides six of the most impor-
tant weather parameters, namely, air pressure, temperature,
humidity, rainfall, wind speed, and wind direction.

FIGURE 7. Vaisala RAINCAP R©sensor technology under the product of
weather transmitter WXT536.

The piezoelectric detector is an acoustic sensor used to
measure the impact of individual raindrops due to high inten-
sity of rainfall. The intensity output resolution of the sensor
is 0.01 mm/h (0.01 in/h), and the intensity observation range
is between 0 mm/h and 500 mm/h (0 mm/h and 19.69 in/h).
This range provides a good measurement of rain intensity in
tropical zones including in the measured area.
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TABLE 2. Statistical antenna parameters and availability.

Thus, specific rain measurement methods show no obvious
measurement accuracy advantage, but several unique merits
help provide real-time precipitation data [7] Figure 8 shows
the recorded rain intensity trend for 2017 in Bukit Jalil.

FIGURE 8. Display of rain intensity data recorded from an onsite weather
station at Bukit Jalil using a piezoelectric detector.

This presents the role of visual predictive analytics in deter-
mining the degree of rain attenuation because the Malaysian
meteorological databasewas unavailable in the analyzed area.

III. METHODOLOGY
Data collection was conducted continuously for two years
(2017 to 2018) at two locations, namely, Bukit Jalil (Kuala
Lumpur) and Cyberjaya (Selangor), in Malaysia. Multiple
antenna types whose sizes ranged from 0.65 m to 13.1 m
were compared. The comparison revealed that a large-sized
antenna has a high margin and can maintain the downlink
signal before a complete outage. This design provides a sub-
stantial difference during attenuation calculation and mea-
surement. A statistical analysis of the antenna parameters and
its availability is presented in Table 2.

Apart from direct attenuationmeasurement, rain prediction
calculation was performed to determine the attenuation value
via the available prediction model. In general, the parameters
of ITU-R.P618, DAH, and modified ITU-R are the most
commonly used for statistical analysis of rain attenuation
prediction. Other evaluation procedures, namely, percentage
relative error and root mean square (RMS), was added to the
calculation.

Both are recommended by ITU-R P311, with which the
error between predicted and measured attenuation was cal-
culated. Mean error µv and standard deviation δv were used
to calculate the RMS value when the preferred prediction
method was considered [14].

The measured attenuation varied according to antenna
sizes because each antenna provides a different set of spec-
ifications. This condition could influence the overall mean
error and standard deviation calculation.

Table 3 shows an on-site parameter characterization of
Earth–satellite measurement. As recommended, the rain
attenuation prediction model for an Earth–satellite link is
determined to exceed time percentages in the range of 0.001%
to 0.1%. The attenuation on any given path depends on the
value of specific attenuation, frequency, polarisation, temper-
ature, path length, and latitude.

TABLE 3. Characteristic of measurement sites.

The beacon signal of the satellite was measured using a
spectrum analyzer (Figure 9) and a carrier monitoring system
(Figure 10), which continuously logged the data trend. The
received beacon signal was then calculated with the measured
clear sky signal captured during the maximum beacon read-
ing from DTR. Thus, good analysis of the optimum signal
transmission back to Earth is achieved.

The modified ITU-R rain attenuation model is as follows:

Ap = A0.001(
p

0.01
)−(0.3061+0.0524ln(p)+0.04ln(A0.01)

+β(1− p)sinθ dB, (3)
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FIGURE 9. Recorded trend of the beacon power level and C/N.

FIGURE 10. Ka-band beacon signal obtained from the carrier monitoring
system for the 13.1 m antenna.

where

B

{
0, if p ≥ 1%
−0.005 (|ϕ | − 36) , if p < 1%.

The predicted attenuation from ITU-R 618 is shown below.

B

=


0, if p ≥ 1% or |ϕ | ≥ 3

◦

6

−0.005 (|ϕ |−36) , if p≥1% or |ϕ |<3
◦

6 andθ≥2
◦

5
−0.005 (|ϕ | − 36)
+1.8− 4.25 sin θ, otherwise

Ap

= A0.001(
p

0.01
)−(0.655+0.33ln(p)+0.045ln(A0.01)+β(1−p)sinθ , dB

(4)

Simulations using the different rain attenuation models,
namely, ITU–R,modified ITU–R andDAH,were further ana-
lyzed based on the equation above. The prediction model’s
calculationwas further investigated using the licensed version
of Mathworks’s MATLAB R© software.

IV. MEASUREMENT AND INTERPRETATION
Two years of rainfall data were obtained for analysis, and the
time frame was from January 1, 2017 to December 31, 2018.
These data were considered for analysis primarily because
satellites were made commercially available to broadcasters
starting from 2017 onwards under the Ka-band frequency.
The receiving beacon signal and rain rate data were logged
every second to ensure that there is no missing data for
analysis.

A comparison of five receivers was conducted based on the
measured data, and the results showed that the 13.1m antenna
provides good measurement and signal margin results. The
attenuation reading is presented in Figures 11 to 14.

FIGURE 11. Comparison of the beacon attenuation signals of five
antenna sizes for 2017 at Bukit Jalil.

FIGURE 12. Comparison of the beacon attenuation signals of five
antenna sizes for 2017 at Cyberjaya.

The statistical measurement results were summarised
in Table 4 to 7, together with the analyzed prediction model.
The data for the 13.1 m antenna were examined for further
recommendations.

V. RESULT AND DISCUSSION
The experimental results indicated that the measured R0.01
rainfall rate at Bukit Jalil was 177.4 and 140.2 mm/hr for
2017 and 2018, respectively. For Cyberjaya, the rainfall rate
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FIGURE 13. Comparison of the beacon attenuation signals of five
antenna sizes for 2018 at Bukit Jalil.

FIGURE 14. Comparison of the beacon attenuation signals of five
antenna sizes for 2018 at Cyberjaya.

FIGURE 15. Measured rain attenuation for the duration of two years at
Bukit Jalil.

was 194.8 and 239.8 mm/hr for 2017 and 2018, respectively.
The annual cumulative distribution of rain attenuation based
at both locations are presented in Figures 15 and 16.

TABLE 4. Statistical analysis of the predicted model and the measured
data for 2017 at Bukit Jalil.

TABLE 5. Statistical analysis of the predicted model and the measured
data for 2017 at Bukit Jalil.

The aim is to confirm which model is preferred for selec-
tion. As shown in Figure 15 and 16, the maximum attenu-
ation values recorded in Bukit Jalil for 0.001% of the time
were 63.42 and 65.40 dB for 2017 and 2018, respectively.
Meanwhile for Cyberjaya, the recorded attenuation values
were 58.4 and 72.29 dB for 2017 and 2018, respectively.
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TABLE 6. Statistical analysis of the predicted model and the measured
data for 2018 at Bukit Jalil.

TABLE 7. Statistical analysis of the predicted model and the measured
data for 2018 at Cyberjaya.

A comparison of the analysis and measured data is pre-
sented in Figures 17 to 20. The measured rain attenuation
model was not immediately close to the available ITU-R,
modified ITU-R or DAH model. This result could be due to
the underestimation of pattern changes in tropical climates.
However, themodified ITU-R rain attenuationmodel visually

FIGURE 16. Measured rain attenuation for the duration of two years at
Cyberjaya.

FIGURE 17. Comparison of measured rain attenuation using an available
model for Bukit Jalil in 2017.

FIGURE 18. Comparison of measured rain attenuation using an available
model for Bukit Jalil in 2018.

fit the measured data. The accuracy of the model data was
further calculated using the percentage error because visual
approximation is not the recommendedmeans of determining
the best prediction method.
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FIGURE 19. Comparison of measured rain attenuation using an available
model for Cyberjaya in 2017.

FIGURE 20. Comparison of measured rain attenuation using an available
model for Cyberjaya in 2018.

FIGURE 21. Observed temperature changes on March 23, 2018 at
Cyberjaya.

Tables 9 to 12 list the mean (µv), standard deviation ( δv)
and RMS (%) values for both years and locations. Research
evidence indicated that the most optimum prediction model is

TABLE 8. G/T (dB) measurement at a different time interval based on
captured temperature.

TABLE 9. Statistical analysis of the mean, standard deviation, and RMS
error between predicted and measured data for Bukit Jalil for 2017.

TABLE 10. Statistical analysis of the mean, standard deviation, and RMS
error between predicted and measured data for Bukit Jalil for 2018.

the model with the lowest RMS value or whose value approx-
imates zero [23]. However, this is impossible to achieve based
on the predicted measured value. A possible reason could be
the impact of the coefficient, frozen & liquid precipitation
and rain height. The earth-space path also contributes to the
available prediction model or the factor of additional attenu-
ation, which might affect the gain over temperature (G/T) of
the measured value, as indicated in Figure 21.

The LNA temperature calculated using (equation 5), in the
antenna hub highly dependent on the changes in G/T [24].
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TABLE 11. Statistical analysis of the mean, standard deviation, and RMS
error between predicted and measured data for Cyberjaya for 2017.

TABLE 12. Statistical analysis of the mean, standard deviation, and RMS
error between predicted and measured data for Cyberjaya for 2018.

FIGURE 22. Compared mean error of the two sites’ attenuation in
comparison with the prediction model for 2017.

Each hub varies in terms of temperature and provides a
different reading of antenna gain and different C/Nmargin
values of the received beacon signal.

In Malaysia, isotherm height changes with humidity [5].
In other words, isotherm height reduces with any increases to
the relative ground humidity [25]. The comparison between
the real data (measured) and predictions made by the ITU-R
Modify-R and DAH models is shown in Figures 22 and 23.

Tsys (K ) =
Tlna (K )+ Tload (K )
Y factor NUM

(5)

Y actor NUM = 10x (Y factor dB /10),
Tsys dB = 10 log Tsys Kelvin,
G/T dBk = Rx Ant Gain - Tsys dB
T Load (K) = Ambient Hub Temp in oC + 273

FIGURE 23. Compared mean error for the two sites’ attenuation in
comparison with the prediction model for 2018.

VI. CONCLUSION
Amongst all prediction models available at present, ITU-R
still has the lowest RMS value, but not as near as zero,
as revealed by the comparison with other recommended
models. However, the effect of rain cannot be predicted nor
expected due to possible shifts in rain patterns in tropical
regions, particularly Malaysia where ITU-R modelled still
require further improvement. This situation requires further
investigation of existing models, and long-term measured
data are necessary for precise analyses. The usage of larger
diameter antennas for prediction of rain intensity provides a
wider range of signals data that is received, thus increases
the efficiency of the results. The application of the Ka-band
is new to Malaysia, but such an application ensures a reliable
prediction in cases where extensive broader data are required.
With a precise measurement value from an antenna with a
diameter of above 7.2m, it would provide results depicting
the best percentage error and would be recommended for the
future researcher.
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