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Recent advances in satellite communication technologies in the tropical regions have led to significant increase in the demand for
services and applications that require high channel quality for mobile satellite terminals. Determination and quantification of these
requirements are important to optimize service quality, particularly in theMalaysian region. Moreover, the tests on current satellite
propagation models were carried out at temperate regions whose environmental characteristics are much different from those in
Malaysia. This difference renders these propagation models inapplicable and irrelevant to tropical regions in general. This paper
presents the link characteristics observations and performance analysis with propagation measurements done in tropical region to
provide an accurate database regarding rain and power arches supply (PAs) attenuations in the tropics for mobile scenarios. Hence,
an extension for improving the performance assessment and analysis of satellite/transmission has been achieved. The Malaysia
propagation measurement for mobile scenario (Malaysia-PMMS) enables first-hand coarse estimation and attenuation analysis,
because the attenuation resulting from rain and PAs becomes easily amenable for measurement. Parallel to that, the measured
attenuation has been compared with that of the simulated output at noise floor level. The underlying analytical tool is validated by
measurements specific at tropical region, for dynamic model of mobile satellite links operating at higher than 10GHz.

1. Introduction

There are many satellites orbiting the earth, which help us
in communications. The role of satellite communications in
our day-to-day life keeps on increasing [1]. The television we
watch and the internet we browse are controlled by satellite
technology [2]. The microwave signals used in satellite com-
munication are of high frequency. The increasing demand of
satellite technology that utilizes high frequency microwaves
has increased the need for wide bands [3]. Operation of high
frequency bands, such as the Ku-band, for satellite commu-
nications has many advantages. First, it relieves congestion
in the lower frequencies shared with terrestrial links. Second,
it exploits larger bandwidths available at higher frequencies.
Third, it enables cheaper implementation of spectrumconser-
vation techniques withmore efficient use of the geostationary

curve [4, 5]. Instead of L, S, or C bands, researches of the
last decades have considered large bandwidth at Ku and Ka
band for spectrum congestion. High frequency bands (e.g.,
Ku-band), like broadband fixed satellite services, are seldom
used, especially in public transport vehicles, such as high
velocity trains and tramways. Owing to troposphere-based
impairment, the propagation channel of mobile application
is strongly affected by shadowing or scattering.

Ku-band is used extensively in maritime applications and
is also used in a number of railroads. Environmental factors
like shadowing and scattering are affecting powerfully the
propagation channel in the mobile cases. Deep knowledge
in dynamic properties of channel is needed. Design of fade
mitigation techniques to overcome this problem requires in-
depth knowledge of the channel mobility properties to be
achieved through development of channel models. Most of
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recent researches conducted in high speed train scenario had
been attentive to the lower frequency L, S, and C bands. Satel-
lite propagation models for mobile scenarios at equatorial
regions are urgently needed, because there has so far been
no reliable and accurate method for assessment of the mobile
scenarioswith regard to attenuation from rain andPAs,which
is characteristic of tropical regions, particularly Malaysia.
Moreover, the current satellite propagationmodels are meant
only for temperate regions whose environmental character-
istics are totally different from those of Malaysia. Because
of this difference, the existing propagation measurement is
inaccurate and irrelevant to the tropical regions in general
and Malaysia in particular. To address the current issues
relating to propagation impairment in Malaysia, devising
an appropriate propagation model for mobile scenarios is
required which in turn can ensure reliable assessment of
the attenuation output from rain and power arch supply
(PAs).

The following are the four major causes of signal degra-
dation: diffraction of (PAs), depending on the geometry of
the satellite link; deep fading (trees along railroad or high-
rise buildings), multipath effect caused primarily by hails or
nearby buildings [6]; Doppler effect, which depends on rain
attenuation and the speed and direction of train movement;
and antenna tracking error. The satellite communication
system designers will have to keep in mind these four major
causes in setting out to build a well-formulated model to
predict the quality of services (QoS). Several solutions are
proposed to ensure digital TV reception on board high
speed trains in Europe, using a Ku-band satellite link [7].
Additionally, [8] takes additional comprehensive view of
the railway satellite channel RSC by introducing a different
stochastic dynamic model of rain fading in mobile satellite
systems on top of the diffraction because of PAs. On the
other hand, [9] deals with the analysis of advanced fade
countermeasures for supportingDVB-S2 reception bymobile
terminals mounted on high speed trains. Moreover, the
current satellite propagation models are done at temperate
regions which exhibit different environmental characteristics
seen in Malaysia. This makes their propagation model inac-
curate and irrelevant to the tropical regions in general and
Malaysia in particular.

In this paper, the proposed Malaysia propagation mea-
surement setup for mobile scenario (Malaysia-PMMS)
enables first-hand coarse estimation of attenuation, due to its
simplicity.The attenuations resulting from rain and PAs were
measured independently. The obtained output was statisti-
cally analyzed to calculate the total attenuation composite PAs
with rain time series synthesizer. The attenuation measured
from power arch supply was conducted to the simulated
output at noise floor level. This comparison is useful to
validate attenuation of PAs.

The remainder of the paper is organized as follows:
Section 2 presents the methodology, Section 3 the experi-
mental setup for mobility impairments, and Section 4 the
results and discussion. Finally, Section 5 presents the conclu-
sions.

2. Methodology

According to Friis transmission equation, the frequency is
directly proportional to the signal power attenuation and,
hence, to the carrier-to-noise ratio, which could also lead to
the increase in the error rates. For lower frequencies, below
3GHz, the ionospheric scintillation significantly affects the
signal quality. This effect starts to disappear as the frequency
increases above that value [10]. Moreover, raindrops in the
link between the satellite and Earth station exert a paramount
effect on the quality of the signal at higher frequencies,
particularly above 10GHz [11]. To extract and analyze the
atmospheric losses as well as the mobility effects out of
the other impairments, several experiments were conducted,
which considered a mobile scenario. Two scenarios were
considered in this work, which are (i) train moving at
different speeds up to 150 km/hr and (ii) train moving at a
constant speed (150 km/h) under link obstacles, namely, high
trees and buildings, bridges, and tunnels (Figure 1).

2.1.TheEffects onHigh SpeedTrain Satellite Channel in Remote
Areas. Depending on the railway path chosen, the layout
and geometry of the obstacles can significantly change. From
previous works, it is known that attenuation introduced by
these kinds of obstacles can be accurately modeled using
knife-edge diffraction theory [12]. For obstacles of two finite
dimensions (e.g., tunnel, bridge, hills, or high-rise building),
the knife-edge attenuationwas computed as the ratio between
the fields received in the presence and absence of the
obstacles. The obstacles that our scenario faced are explained
in Figures 2(a), 2(b), 2(c), and 2(d).

The obstacle had two finite dimensions, and the received
field was hence the sum of the contributions coming from
both sides of the obstacle.Therefore, the resulting attenuation
was calculated using [12]
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where 𝑎 is the distance between obstacle and antenna, 𝑏 is the
distance between satellite and obstacle, 𝜆 is the wavelength,
and ℎ is the obstacle height above line of sight (LOS). For the
scenario under discussion, (1) was modified with additional
terms as shown in
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where 𝑑 represents the width of the (PAs). Finally, using
a directive antenna has been considered. This implies an
increase in attenuation, because two diffracted rays reached
the receiving antenna at different angles. The antenna
detected the gain which depended on the variable. Anyway,
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Figure 1: The scenarios for high speed train environment.

(a) PAs at the ETS station (b) Railroad

(c) PAs nearing the ETS station (d) Main ETS station at KL

Figure 2: Obstacles in Malaysia high speed train scenario.
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Table 1: Parameters used for the two scenarios in temperate and tropical regions.

Parameters Description Our setup Italy [12]
𝑓 Frequency (GHz) 11.096 12
𝐷 Diameter of antenna (m) 0.44 0.40
𝑎 Distance between obstacle and antenna (m) 2 2.5
𝑏 Distance between satellite and antenna (km) 36,000 36,000
𝑑 Diameter of power arch (m) 0.60 0.40
Km/h Train speed 150 300
Type Signal Modulated CW beacon

it is lower than the achievable maximum. This resulted in a
total attenuation of the following equations:
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is the first order Bessel function of the first kind and it is
a measuring for the antenna diameter. Formula (4) is valid
for a generic circular aperture antenna. The corresponding
space varying attenuation was computed using (1) to (4), with
values extracted from a typical layout of the Italian railway for
(𝑎, 𝑏) and (𝑑) [12]. Table 1 shows the parameters included in
the models of both temperate and tropical regions. Thus, a
further approval has been done.

2.2. Time Series for High Speed Train Satellite Channel at Ku-
Band. Considering the two main impairments of the nearly
LOS of mobile scenario because of attenuation due to power
arches supply (PAs) and rain, (6) play an important role
in developing the composite synthesizer of time series of
mobile scenario at Ku-band and above [13]. Figure 4 shows
the diagram of the total time series synthesizer. For the
attenuationmodel, as a whole, rain attenuationmeasurement
was executed before adding both attenuation factors. The
PAs signal generator 𝑃(𝑡) produces pulses which contain unit
amplitude when attenuation 𝐴

𝑠
is greater than 0 dB.
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A distance of 𝑃
0
= 53m between every two (PAs) is used

to compute the results in a duty cycle of 0.6%, considering

𝑈(𝑡) as the unit amplitude step function. The output of
the total attenuation composite time series synthesizer given
input parameters for a train speed of 𝑉

𝑡
= 150 km/h,

regardless of total attenuation. The contribution of every
attenuation factor is illustrated in Figure 20.The total attenu-
ation depended on formula (6) [8].

Figure 5 shows the diagram of noise floor level. The
noise floor is the measure of the signal created from the
sum of all the noise sources and unwanted signals within a
measurement system.

2.3. Doppler Effect Investigation. As the wave source and
receiver move relative to each other, the frequency of the
waves arriving at the receiver correspondingly changes. This
phenomenon is known as the Doppler effect. The occurrence
of Doppler shift makes the wireless channel fast-time variant
and frequency selective as well as potential synchroniza-
tion, channel estimation, and data recovery. The connection
between the Doppler frequency shift (𝑓

𝑑
) and the sender

transmitted data on carrier frequency (𝑓
𝑐
) is given by [14]
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where (𝑉) is the speed in m/s of the mobile traveling in
straight line, (𝑐) speed of light (3 × 108m/s), and (𝜃) the
angle of signal transmission between the transmitter and the
receiver. The Doppler effect is one of the most significant
phenomena, because it deserves attention whenever one
has to deal with multicarrier access communication systems
where a small amount of frequency variation can cause
significant degradation in overall performance (Figure 6).

3. Experimental Setup for
Mobility Impairments

To identify the error rates for the mobile scenario, we con-
ducted several experiments considering the cases of quality
degradation of signals received by a receiver mounted on a
high speed train at different speeds from Kuala Lumpur to
Ipoh, in Malaysia (Figure 7). These cases are listed as follows.

Scenario 1. The train moved at different speeds up to
150 km/hr. The received signal at zero speed (fixed) was also
measured using the same mobile antenna system.
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(a) ETS route map (b) ETS under different types of obstacles: high-rise
buildings and bridges

(c) ETS under different types of obstacles: tunnels, huge stations, and trees

Figure 3: Different types of obstacles: trees, buildings, bridges, and tunnels.
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Figure 7: High speed terminal, electrified train system (ETS).

Scenario 2. The train moved at a constant speed (150 km/h)
under link obstacles, namely, high trees and buildings
(approximately 11 and 30m in height and 5m away from
the train, in average) alongside the train-track, tunnels, and
bridges.

For the measurement setup, we used a 44 cm mobile
antenna system mounted on the roof of a train. The mobile
antenna system, pointing toward MEASAT 3/3A 91.5∘E, had
a high tracking speed (75∘/sec) to reduce the tracking error
as much as possible. The antenna system performed several
principal functions, namely, detection, filtering, amplifica-
tion, and downconversion to L-band 1.35GHz, intermediate
frequency (IF) using a 9.75GHz local oscillator.Themeasure-
ment setup is shown in Figure 8.

Once the signals were received by the mobile antenna
system, they were immediately transmitted through the four
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Antenna Filter Amplifier D.C.

Mobile antenna system 

Splitter Spectrum 
analyzer

Data 
storage

Decoder

Figure 8: Measurement setup for the mobile terminals scenario.

Table 2: Satellite, antenna, and site specifications for mobile termi-
nals.

Satellite, antenna, and specifications Train
Satellite MEASAT 3/3A
Satellite position 91.5∘E
Frequency downlink (GHz) 11.096
Elevation angle of antenna (deg.) 76.5∘

Diameter and height of antenna (m) 0.44 × 0.077
Weight (kg) 3.3
Tracking rate (deg.) 75∘/sec
Polarization Vertical

aforementioned processes and then split into two directions,
one pointing to the decoder and the other to the spectrum
analyzer, for data recognition and analysis. Table 2 shows the
parameters satellite, antenna, and site parameters used for our
measurement setup.

4. Results and Discussion

As mentioned earlier, the train gets close to the power arch’s
area; the obstacle enters the first Fresnel zone, which is about
2m away from receiver antenna, where its width is around
44 cm and no free space conditions can be assumed. To signal
attenuation, knife-edge diffraction models were considered.
The knife-edge diffraction is represented by the ratio between
the received field in the presence of obstacle and that in
the free space. The attenuation of power arches supply is
dependent on the height (ℎ), which was around 1.6m. The
simulated event results for a mobile satellite antenna with a
diameter of 44 cm are presented in Figure 9.

From the plots, it can be seen that the values were varied
with changes in elevation angle and orientation of the mobile
scenario. It can also be seen that the attenuation indicating
the PAs is relevant to the value of 2m on the average. Then,
a distance of around 53m between two subsequent PAs and
a train speed of 150 km/h were considered. The fading event
occurred, in the worst case, every 41.666ms.The fluctuations
around the free space loss condition (0 dB attenuation) are
attributable to the train passes under the PAs. This intersects
with Fresnel zones of different orders. These may be either in
phase transmission causing constructive interference or out
of phase causing destructive interference.

Figure 9 shows that the attenuation gain was approx-
imately 44 dB, with 𝑑 = 60 cm, 𝑎 = 2m, and 𝐷 =

44 cm, and the downlink frequency is at 11.096GHz based
on the parameters used in Malaysia as tropical regions which
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Figure 9: Attenuation owing to power arch supply (PAs) diffraction
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Figure 10: Attenuation owing to power arch supply (PAs) diffraction
at Ku-band; the antenna diameter effect, line of sight (LOS) Italy
parameters [12].

are different from those used in Italy as temperate regions.
Therefore, depending on the specification used by the region
or countries, the above mentioned parameters play a vital
role in increasing the attenuation. For example, the distance
between the antennas fixed on train roof and to the power
arch supply, the diameter of antenna, and the width of
power arch supply directly affect the attenuation and signal
transmission.

Figure 10 shows that the simulated event attenuation loss
was approximately 34 dB, with 𝑑 = 40 cm, 𝑎 = 2.5m, and
𝐷 = 40 cm and downlink frequency of 12GHz at Ku-band
depending on the parameters used in [12] Italy as temperate
regions. Asmentioned earlier, the parameters of the PAs, such
as distance of antenna and width of PAs, along with the link
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Figure 11: Measured attenuation of power arch supply.
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Figure 12: Measured attenuation of power arch supply.

parameters including both elevation angle and transmitted
frequency, significantly affected the satellite communication
link. That effect influences the performance metrics, such as
attenuation.

Figures 11 and 12 show the attenuation of PAs, measured
during the 1 hour starting from 7:00 pm to 8:00 pm on
December 18, 2013. The sweeping was 1 second and the
average data was recorded every 3 seconds. The impact
was recorded as different attenuations during this time,
because degradation happened before or after reaching the
PAs (Figure 11). The attenuation was at its maximum when
the train speed exceeded 150 km/h (554 seconds, 7:28 pm;
12.56 dB).

Figure 13 shows the measured rain attenuation loss in the
received signal power. Time series was measured during the
1 hour in high speed train with speed 150 km/h, starting from
6:56 pm to 6:57 pm on December 18, 2013. Effective rain
started at second number 1076, 5:56 pm, and reached the
heavy rain level after 4min, with maximum attenuation of
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Figure 13: Measured rain attenuation when the train is in service.
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Figure 14: Measured rain attenuation stationary case.

nearly 11.512 dB.The rainfall rate started to decrease at second
number 1124, 6:42 pm, to the other rainfall rate levels until
second number 1147, 6:57 pm, when the rain stopped. The
duration from 5:56 pm to 6:57 pm on December 18, 2013,
was the time to read attenuations under the rainfalls while
the duration from 7:00 pm to 8:00 pm of the same day was
to read attenuations resulting from PAs as there were rain
events during this duration. Thus, the rain attenuation mea-
surements are obtained and separated from other attenuation
measurements.

Figure 14 shows the measured rain attenuation loss in the
received signal power when the train was stationary. Time
series was measured during the 1 hour with stationary link,
starting from 12:37 pm to 1:40 pm on December 24, 2013.
Effective rain started at second number 779, 12:37 pm, and
reached the heavy rain level after 5min, with maximum
attenuation of nearly 15.7 dB. The rainfall rate started to
decrease at second number 883, 1:21 pm, to the other rainfall
rate levels until second number 1158, 6:37 pm, when the rain
stopped.

In the mobile scenario, to obtain a reliable performance
evaluation of the signal detected by the mobile receiver
attached to a train, several issues will have to be considered,
which are already explained in Section 2. Movement of the
communication link destination with respect to the source
causes additional degradation to the signal quality level.
The scenario consists of 11 stop-stations between KL and
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Figure 15: Attenuation measurement under different train speeds.
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Ipoh, which leads to train speed between 0 and 150 km/h
(referring to Figure 3). Figure 15 shows that attenuation
increased slightly when the train speed increased; it increased
by approximately 0.7 dB when the train moved at a speed of
60 km/hr. When the speed reached 80 km/hr, the attenuation
slope changed, and with further increase in speed, the atten-
uation tended to attain slightly higher levels than that seen at
speed 80 km/hr. Hence, the loss reached approximately 1.1 dB
at 100 km/hr, 1.18 dB at 140 km/hr, and 1.20 dB at 150 km/hr.

In addition, the worst case Doppler shift simulation
calculated (Figure 16) was considered assuming a train speed
of up to𝑉max = 41.67m/s and using frequencymeasurements
of signals sent out directly from the receiver. From Figure 16,
it can be seen that the Doppler frequency (𝑓

𝑑
) is in preop-

erational relationship with the carrier frequency (𝑓
𝑐
). Using

different elevation angles with high speed of train, 41.67m/s,
the highest 𝐹

𝑑
(Hz) was measured at angle 20∘ while the

lowest was at 77.5∘.
We made several experiments with the train moving at

150 km/hr in Kuala Lumpur under high trees and buildings
(approximately 11m and 30m average height) along both
sides of the rail track (referring to Figure 3). And the
results are shown in Figure 17. The results show that these
trees caused an additional average attenuation of 5.4 dB
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Figure 17: Attenuation due to different link obstacles with speed of
150 km/hr.

0 200 400 600 800 1000 1200
−5

0
5

10
15
20
25
30
35
40
45

Time (s)

Worst case scenario

At
te

nu
at

io
n 

(d
B)

Figure 18: Worst case scenario within reason (PAs).

as compared with that under high-rise buildings, which
is approximately 6 dB average attenuation compared with
that under the clear-sky case. And, where the train passed
underneath bridges at a speed of 150 km/hr, the attenuation
was approximately 12 dB. When the train passed through a
tunnel at the same speed, the attenuation reached approxi-
mately 13 dB indicating a significant loss in communication
compared with that seen under the clear-skymobile scenario.
It would not exceed 13 dB, which is attributable to limitations
in spectrum analyzer.

The propagationmodel can be applied to such an extract-
edworst case scenario.The example of attenuation time series
should consider the effects of environment. To model mobile
scenario environment, statistical features from a worst case
scenario were extracted from simulated PAs. The simulation
of worst case mobile scenario environment is illustrated in
Figure 18, where the loss was approximately 44 dB.

Figure 19 shows different comparisons of the data col-
lected in terms of attenuation of experimental time series.
To get time series of similar behavior, data was inverted
from the original time series. The data, plotted at noise floor
level, shows an attenuation of 13 dB below the signal level
at clear sky. The noise floor level refers to measurements of
attenuation.
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Figure 19: Measurement of attenuation inasmuch (PAs) + simula-
tion at noise floor level, time series.
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Figure 20: Total attenuation (PAs) + rain versus time series synthe-
sizer.

Referring to Figure 20, the attenuation due to power
arches supply and rain is cumulatively plotted. The magni-
tudes of attenuation reported from rain were less than power
arches supply at all test times. The highest difference is set to
zero at 22.12 dB at 170 seconds while the lowest difference is
set to 11.25 dB at 1190 seconds. Otherwise, the difference value
between rain attenuation and PAs was almost fluctuated at all
readings.

5. Conclusion

The current study has quantified the reasons for the decrease
in channel quality of mobile scenario at Ku-band, which is
the most widely used channel frequency band for commu-
nication satellites in the tropics. Signal attenuation has been
found to increase up to 12.5 dB on a speeding train due to
PAs with heavy rainfall of 11.3 dB at high elevation angle
(77.5∘). This attenuation owing to PAs and rain resulted in
serious problems to the communication link, especially in
the open area. The change in train speed caused lower signal
speed that exceeded 100 km/hr. It is also noted that the train
speed causes at most around 1.2 dB of attenuation. Our study
has developed a new measurement setup to predict the total

attenuation of the power arches supply with the attenuations
resulting from rain in tropical region with accuracy as high
as possible. A system design based on one of the prediction
models can estimate the exact attenuations resulting from
PAs with rain for Malaysia as an example for tropical region
and can produce a suitable design for better communication
service in the future.
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