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Abstract— Satellite signals for communication and navigation experience impairment effects due to ionosphere especially in the equatorial
region. The causes and significance of ionosphere disturbances are a kind of research that is of great interest in this area. Space-based
radio communication systems such as the Global Positioning System (GPS) is providing a unique chance to explore the impact of the
ionosphere as the signals propagate from the satellites to the GPS receivers. Sarawak which is located near to the equatorial region has
been selected for the aim of this research. By utilizing the Total Electron Content (TEC), data recorded by the GPS lonospheric Scintillation
& TEC Monitor (GISTM), the ionospheric effect was examined and related to the signal strength performance. The recorded TEC were
tested by comparing to TEC obtained from CODE Global lonosphere Maps (GIMs) in time series. The results have shown a high
consistency of TEC in the time domain with their corresponding minimum and maximum values of TEC that occurred at the same time. The
preliminary developed SNR empirical model using regression curve fitting approach is a function of slant TEC from the satellites to the
reference station path. This model will be used to forecast the satellite signal strength performance with an input parameter of slant TEC.

Index Terms— Global Positioning System, Total Electron Content, ionosphere, signal-to-noise ratio, empirical model.

1 INTRODUCTION

INCREASING demand for a better modeling and under-

standing of the behavior of the satellite signal strength is
required by the scientific community. The satellite signal
strength is measured from Global Positioning System (GPS)
satellites to ground receiver. The GPS satellite signal strength
performance is studied based on a parameter of signal-to-
noise ratio (SNR) in a 1 Hz-bandwidth [1], where larger SNR
indicates a stronger signal. It is a function of transmitted sig-
nal, distance and receiver hardware with a value which is typ-
ically 30 to 55 dBHz at outdoors [2].

GPS is a space-based radio navigation system operated and
maintained by the United States Air Force for the United
States Department of Defense [3]. It has become increasingly
sophisticated and widespread and started to be integrated into
the user’s mobile terminal units [4]. It is a system made up of a

Voon Pai Bong is currently pursuing doctoral degree program in Electrical
and Electronic Engineering in Universiti Malaysia Sarawak, Malaysia. E-
mail:13010149@siswa.unimas.my

Wan Azlan Wan Zainal Abidin is a senior lecturer of Department of Elec-
trical and Electronic Engineering, Universiti Malaysia Sarawak, Malaysia.
E-mail: wzaazlan@feng.unimas.my

Mardina Abdullah is a head of Space Science Center: ANGKASA, Univer-
siti Kebangsaan Malaysia. Email: mardina@ukm.edu.my

Kismet Hong Ping is a senior lecturer of Department of Electrical and
Electronic Engineering, Universiti Malaysia Sarawak, Malaysia. Email:
hpkismet@feng.unimas.my

Shapiee Abdul Rahman is senior lecturer of Department of Computational
Science and Mathematics, Universiti Malaysia Sarawak, Malaysia. Email:
sar@fit.unimas.my

Siti Aminah Bahari is currently pursuing doctoral degree program in Elec-
trical, Electronic and System Engineering, Universiti Kebangsaan Malay-
sia. Email: sitiaminahbahari@ukm.edu.my

Ibrahim Abba is currently pursuing doctoral degree program in Electrical
and Electronic Engineering, Universiti Malaysia Sarawak, Malaysia. E-
mail:120100130@siswa.unimas.my

network of twenty-four satellites, which are shared in six or-
bital planes around the space at an altitude of about 20,200 km
[5].

Besides, a research study of the ionosphere is getting much
interest recently. The ionosphere represents the largest source
of GPS signal error since the selective availability was turned
off in May 2000 [6]. Consequently, one of the coming challeng-
es of the space weather community is to predict the satellite
signal strength performance in response to variations in iono-
spheric activity. In Malaysia, a few research works on equato-
rial ionosphere have been done [7], [8], [9], [10]. The presence
of the equatorial anomaly in Malaysia has been confirmed
based on the Total Electron Content (TEC) performance at
ionosphere [7]. There are diurnal and seasonal variation of
ionospheric activity at the equatorial station are presented and
discussed [8]. The highest values for TEC are obtained around
post noon while the minimum TEC occur in the post-
midnight. In the seasonal variation, the highest TEC is found
in equinoctial months and the lowest TEC is found in summer.
Moreover, solar eclipse affects the ionospheric layer which can
cause the ionospheric disturbance in Malaysia has been re-
ported [9]. Furthermore, ionospheric scintillation and TEC
fluctuation was investigated at Universiti Kebangsaan Malay-
sia station, Malaysia between September 2009 and December
2010 [10]. The study shows that night time amplitude scintilla-
tion always occurred with phase scintillation, TEC depletions,
rate of change of TEC (ROT) fluctuations and the enhancement
of the rate of TEC index. Nevertheless, during the daytime,
amplitude scintillation, TEC depletions and ROT fluctuations
were much weaker than those that occurred during night
time.

The parameter of the ionosphere that provides most of the
effects on GPS signals is known as TEC [11], [12]. TEC is the
measure of the total number of free electrons in a column of
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the unit cross section along the path of the electromagnetic
wave between the ground receiver and the GPS satellite.
Therefore, it is an indicator of ionospheric variability derived
from the modified GPS signal through free electrons. TEC is
measured in TEC unit (TECU) of 10 electrons per meter
squared. The nominal limit is 106 to 10" with its minimum and
maximum occurring at midnight and mid-afternoon approxi-
mately. At night, the TEC decays very slowly due to recombi-
nation of electrons and ions [13]. In fact, the number of free
electrons is driven by the ionization and recombination pro-
cesses of the ionosphere, and these processes are in turn driv-
en mainly by extreme ultraviolet radiation from the sun [14].
There is also a geographic variability in the electron content
with the highest electron density in the equatorial region and
the lowest density in the mid-latitude regions [15].

In a global scale, global ionosphere maps (GIMs) are used
as a reference. GIMs are generated on a daily basis at Center of
Orbit Determination in Europe (CODE) using data from about
200 GPS sites of the International GPS Service (IGS) and other
institutions [16]. GIMs indicate TEC data measured by the
GPS stations and these two L-band frequencies are called as L1
(1575.42 MHz) and L2 (1227.60 MHz) [17]. All the analysis
centers involved may use different approaches to the TEC der-
ivation from GPS observations, as well as different TEC repre-
sentation or modeling techniques. The spatial resolution of the
final CODE GIMs is 2.5¢ in latitude and 5.0° in longitude as
well as 2 hours temporal resolution. In the GIMs, it is assumed
that the ionosphere is concentrated in a thin shell at 450 km
altitude and the grid points are fixed in a solar geomagnetic
coordinate system. Besides, TEC GIMs have a standard devia-
tion ranging from 0.7 to 6.0 TECU and an announced accuracy
of the order of 2 to 8 TECU [18]. Consequently, GIMs are a
good indicator of the ionospheric activity and give the oppor-
tunity to study and verify the global climatological behavior of
the TEC over a complete solar cycle.

The present paper aims at establishing the basis to model
the variation behaviors of the SNR with respect to slant TEC
which best suits in Sarawak region. In this paper, strategies to
determine the TEC and development of the signal strength
empirical model in Sarawak region using the GPS Ionospheric
Scintillation and TEC Monitor (GISTM) data are described in
Section 2. In Section 2.1, the data collection and acquisition are
described. Then, calculation of vertical TEC by using mapping
function is described in Section 2.2. Section 2.3 is discussed the
development of signal strength’s empirical model. Methodolo-
gy of TEC calculation from CODE GIMs is explained in Sec-
tion 2.4 for TEC verification used. The results and discussion
of the climatological model of satellite signal strength are ded-
icated in Section 3 as well as the verification test of the model.
Finally, Section 4 gives the conclusions.

2 METHODOLOGY

The methodology of this project contains two categories that
are data collection and acquisition as well as data analyzing
method. Data collection and acquisition contains the descrip-
tion about the GPS data that has been used. Then, data analyz-
ing method categories is describing how the data will be pro-
cessed, then to be analyzed, modeled and verified. The re-
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search methodology is shown in Fig. 1. Raw data are meas-
ured and obtained from UNIMAS station. Then, the data will
be processed in order to extract the required parameters for
further analysis. The measured TEC from GISTM can be veri-
fied by comparing with TEC obtained from CODE GIMs in
time series. After that, SNR is modeled in terms of slant TEC
based on the measured data. The formulated model will be
verified by comparing with actual data. The detail of the
methodology will be further explained in the next section.

| Obtain GPS GISTM data from UNIMAS station.

A

[ Extract the required parameters. I

<

[ Analyze the measured SNR and TEC. ]

L

| Verify measured TEC with TEC from CODE GIMs. |

<

[ Modeling SNR in terms of slant TEC. ]
[ Verify the model. ]

Fig. 1. Flowchart of the research.

2.1 Data Collection and Acquisition

Data collection is carried out by using GISTM receiver under
clear sky environment. Under collaboration work with the
Space Science Centre - (ANGKASA), Universiti Kebangsaan
Malaysia (UKM), the GISTM receiver was placed on the roof-
top of Faculty of Engineering building at Universiti Malaysia
Sarawak (UNIMAS). This receiver comprises the major com-
ponent of the GPS signal monitor, specifically configured to
measure amplitude and phase scintillation from the L1 fre-
quency GPS signals, and ionospheric TEC from the L1 and L2
frequencies GPS signals. This scintillation and TEC monitoring
receiver is a low phase noise oscillator and provides true am-
plitude, single frequency carrier phase measurements and
TEC measurements from up to 11 GPS satellites in view. A
month of raw data with daily 24 hours observation in 60
second's interval is used and processed to extract the parame-
ters for those visible GPS satellites.

The required parameters such as GPS time of week (GPS
TOW), pseudorandom number (PRN) of the visible satellite,
elevation angle, SNR and TEC values are extracted. The ex-
tracted data file is then being programmed to separate the re-
quired data based on satellites. Further programming is done
to analyze and model the received satellite signal strength per-
formance in terms of slant TEC.
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2.2 Vertical Total Electron Content Calculation using
Mapping Function

TEC (also named as slant TEC) measurements are taken from
different GPS satellites observed at arbitrary elevation angles.
This causes the GPS signals to cross large different portion of
the ionosphere. To compare the electron contents for paths
with different elevation angles, the slant TEC (sTEC) must be
transformed into equivalent vertical content or vertical TEC
(VTEC) by using a suitable mapping function. As sTEC is a
quantity that is dependent on the ray path geometry through
the ionosphere, it is desirable to calculate an equivalent verti-
cal value of TEC that is independent of the elevation of the ray
path [19].

The single-layer (or thin-shell) model was employed to de-
termine the absolute vTEC [20]. Single-layer model (SLM) as-
sumes that all the free electrons contain in a shell of infinitesi-
mal thickness at an altitude of about 450 km above the earth’s
surface. The point where the vTEC is determined is called the
Ionospheric Pierce Point (IPP). It is the intersection of the re-
ceiver line-of-sight to the tracked satellite with the center of
the ionospheric slab as shown in Fig. 2.

Satellite

——— -———

Ionosphere

Earth’s surface

Sub-ionospheric point

Fig. 2. Single-layer model for the ionosphere.

By referring to Fig. 2, vIEC through a given sub-
ionospheric point is obtained as shown in (1).

VTEC =sTEC(cos y') . 1)
The SLM mapping function can be written as in (2) which de-
scribe the ratio between the sTEC and vTEC.
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where y and x” are the zenith angles at their receiver site and
at the IPP, respectively, f and 8’ are the elevation angles at the
receiver site and at the IPP, respectively, Rt is the mean earth
radius and hn refers to the height of maximum electron densi-
ty. Hence, vTEC is written as in (6).

R sin(”—ﬂ)
2 ) ©6)
R +h,,

VTEC = sTEC x cos< arcsin

A typical value for Rt and hn are set to 6371 km and 450
km, respectively [19]. The more precise mapping function ac-
cording to [21] and currently applied in the IGS Global TEC
map is the modified single layer model, M-SLM that is defined
asin (7),

Ry ,
R +h sin(ay) @)

where a is a correction factor which is close to unity.

sin y'=

m

2.3 Development of Signal Strength’s Empirical Model

Empirical modeling involves examining data related to the
problem with a view of formulating or constructing a mathe-
matical relationship between the variables in the problem us-
ing the available data [22]. In this research, the signal strength
empirical model is developed from the measurement results
obtained under the open space condition. The purpose of this
empirical model is to study and forecast the signal strength
performance in terms of ionospheric effect. The model will be
derived mathematically from the relationship of the average
SNR with slant TEC from those visible satellites in the open
space environment. The model is developed by using the re-
gression curve fitting approach [23]. Curve fitting is the pro-
cess of constructing a curve or findings mathematical function
to approximate straight lines or curves that best fit given sets
of data. Linear, parabolic regression and regression with pow-
er series approximations will be applied. Those regressions are
performed with the method of least squares. Lastly, the best
fitting curve is chosen. SNR also can be modeled in terms of
VvTEC and elevation angle by using the mathematical relation-
ship in (6).

2.4 TEC Calculation from CODE GIMs

The IONosphere map Exchange (IONEX) file is downloaded
from CODE [16]. The calculation of TEC from the IONEX file
is done by first choosing the nearest latitude in the file with
the latitude of the location. The latitude and longitude of the
chosen location are 1.483°N and 110.333°E, respectively. The
nearest latitude to 1.483°N in the IONEX file is 2.5°N. The lon-
gitude in the file is between -180°E to 180°E by an increment of
5. Hence, the longitude of 110°E and 115°E which are closer to
the longitude of 110.333°E will be referred. Table 1 shows a
sample of TEC values on the latitude of 2.5°N and longitude
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from -180°E to 180°E with increment by 5.0° consecutively. The
recorded data is referred to a 450 km ionospheric height from
the Earth’s surface at 8:00 am on 5 September 2014.

TABLE 1
A sample of TEC values on LAT/LON1/LON2/DLON/H of
2.5°N, -180°E, 180°E, 5.0° and 450 km at 8:00 am on 5 Septem-
ber 2014.

2.5-180.0180.0 5.0 450.0 LAT/LON1/LON2/DLON/H

626 631 653 677 690 692 693 698 706 715 727 743 746 723 677 629
598 579 554 514 467 419 372 321 271 230 199 169 142 134 164 224
281 303 286 252 223 205 190 175 165 160 154 143 128 114 102 91
81 73 68 64 65 79 112 157 199 230 307 342 381 427

474 512 537 558 583 612 631 632 626

The TEC values unit given in the IONEX file is 0.1 TECU.
The circle in Table 1 shows the value of 253 and 277 which are
corresponding to TEC values at the longitude of 110°E and
115°E, respectively. From these two values, TEC values at the
longitude of 110.333°E can be calculated by applying interpo-
lation technique. Therefore, on 5 September 2014 at 8:00 am,
the place with latitude and longitude of 1.483°N and 110.333°E
respectively has estimated TEC values of 254 TECU. These
processes are continuously calculated for every two hours for
a 24-hour data.

3 RESULTS AND DIScUSSION

In order to study the satellite signal strength performance, a
set of GPS sample data for September 2014 from UNIMAS,
Kota Samarahan, Sarawak (1.28°N, 110.26°E) was collected,
processed and analyzed. The GPS data was recorded daily in
the universal time system, with the sampling interval of 60
seconds and analyzed with cut-off elevation mask of 15¢.

In this section, the relationship between SNR and slant
TEC for the clear sky environment are investigated, analyzed
and presented in graphical forms. Then, a fundamental empir-
ical model is developed and verified.

The sTEC and vTEC values were obtained according to
the methodology presented by using programming software.
Both sTEC and vTEC against local time for all of the visible
satellites are shown in Fig. 3 and Fig. 4, respectively. Local
time (LT) is obtained by adding 8 hours to the corresponding
universal time. Daytime variation in TEC shows large variabil-
ity in comparison to night time variation. During night time,
the TEC decays because of recombination of electrons and
ions. However, during the daytime, the sun emits particles in
the ionosphere thus increasing the density of electrons. This
diurnal variation occurs because of the daily rotation of the
Earth on its axis, following the apparent movement of the Sun
[24]. In both of these figures, TEC exhibits the typical charac-
teristics with other equatorial and low latitude ionosphere
[11], [25].

In order to compare the electron contents for paths with
different elevation angles, the STEC has been transformed into
equivalent vTEC as mentioned in the methodology. STEC has
values in the range from 0 TECU to 145 TECU as shown in Fig.
3, while vITEC has values in the range from 0 TECU to 66
TECU as shown in Fig. 4. Therefore, it is clear that the vIEC
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shows lower readings as compared to its corresponding sTEC
which similar with previous research findings by Bagiya et al.
[11], Bolaji et al. [25] and Leong et al. [26].
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Fig. 3. Slant TEC against local time for the visible satellites.
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Vertical TEC (TECU)
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Local Time (hours)

Fig. 4. Vertical TEC against local time for the visible satellites.

The smoothed sTEC and vTEC against local time based
on daily data in September 2014 are plotted as shown in Fig. 5.
These curves are obtained by applying one hour moving aver-
age method on the daily data. A moving average method
smoothed the data by plotting points that are the average of
several time intervals [27]. Then, the average of daily
smoothed TECs against local time is taken. This result’s curve
would be much smoother than actual data’s curves. Further-
more, the results in Fig. 5 show the peak of sTEC and vTEC
points at 17-LT and 14-LT respectively as well as the lowest at
6-LT. Therefore, the maximum TEC occurs in the post local
noon, and minimum TEC occurs just before sunrise are ob-
served which agrees with finding by Jensen and Mitchell [28].
The vTEC have also shown a smooth rising trend starting
from 6-LT to 14-LT which is similar with finding by Bagiya et
al. [11].

IJSER © 2015
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 6, Issue 7, July-2015

ISSN 2229-5518

Sep 2014
LI I I I L B B AL TS S B B I B B

LY “

100

90
80
70

o
LU "L L L B R

TEC (TECU)
H g (o)}

(NN AN AN NEN AR RN RN

4 6 8 10 12 14 16 18 20 22 24
Local Time (hours)

OO

2
Fig. 5. Smoothed sTEC and vTEC against local time.

In order to validate the measured vITEC from GISTM, a
comparison to VITEC from CODE GIMs was performed. The
VTEC results in time domain from GISTM and CODE GIMs
were shown in Fig. 6. In general, the measured vTEC is com-
parable to the vTEC from CODE GIMs. It is noticeable that
GIMs’ vTEC level is higher in the range of 0.5 to 18 TECU as
compared to the measured vIEC from GISTM. The difference
in scale factor between these curves are because there was no
IGS station placed in Malaysia [29]. As mentioned in the in-
troduction, IGS GIMs are a combination of GIMs provided by
several analysis centers. Therefore, the VIEC are estimated
from CODE GIMs via an interpolation method. However, the
diurnal characteristic of ionospheric variation from both
curves showed a good agreement. This result has shown high
consistency of VTEC in time domain with their corresponding
minimum and maximum values of VTEC that occurred at the
same time.

80 5 Sep!2014

-------------- CODE GIMs
70t — GISTM )

N
o

30f~,

Vertical TEC (TECU)
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12 14 16 18 20 22 24
Local Time (hours)

ol v v
o 2 4 6 8 10

Fig. 6. Comparison of vIEC from CODE GIMs and GISTM.
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approach is applied to model the measured data as shown in
Fig. 8.

60
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0 20 40 60 80 100 120 140 160 180 200
Slant TEC (TECU)

Fig. 7. Average SNR against sTEC for September 2014.

Regression calculates an equation that minimizes the dis-
tances between the fitted curve and all of the data points [30].
In general, a model fits the data well if the difference between
the observed values and the model’s predicted values are
small and unbiased. For analysis purpose, residual plots can
reveal unwanted residual patterns that indicate biased results
more effectively than numbers [31]. When the residual plots
pass muster, the numerical results can be trusted and the
goodness-of-fit statistics could be checked. R-squared is a sta-
tistical measure of how close the data are to the fitted regres-
sion curve [32]. R-squared is always between 0% and 100%. 0%
indicates that the model explains none of the variability of the
response data around its mean, while 100% indicates that the
model explains all the variability of the response data around
its mean. In general, the higher the R-squared, the better the
model fits the data.

Fig. 8(a) shows the linear regression with the R-squared
value equal to 0.8297 where there is 82.97% of the data can be
calculated from the linear regression equation. However, Fig.
8(b) shows the exponential regression where it has lower R-
squared value of 0.8238 as compared to linear regression. Fig.
8(c) and Fig. 8(d) show the logarithmic and power regression
curves where they have lower R-squared value of 0.6646 and
0.6465 respectively. Besides, quadratic polynomial regression
curve with higher R-squared value of 0.8391 is shown in Fig.
8(e). The least-squares regression curve with highest R-
squared value among the others is shown in Fig. 8(f). As a re-
sult, this cubic polynomial regression is used to fit the data in
order to model the relationship of SNR in terms of sTEC. This
regression gives R-squared value of 0.8559 where 85.59% of
the variance in the SNR values can be accounted for by this
cubic polynomial regression equation. The corresponding
mathematical equation of SNR in terms of sTEC is shown in
(8).

SNR = (3.997x10°)STEC® —0.0012sTEC?

)
Furthermore, Fig. 7 shows the plot of average SNR T 0.0441sTEC +49.533
against sTEC by using raw data collected from GISTM for Sep-
tember 2014. All of the visible satellite signal’s data are includ-
ed in the computation of Fig. 7. The regression curve fitting
IJSER © 2015
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Fig. 8. Regression curve fitting for measured average SNR against sTEC. a) Linear regression fitting of the measured data. b)
Exponential regression fitting of the measured data. c) Logarithmic regression fitting of the measured data. d) Power regression
fitting of the measured data. e) Quadratic regression fitting of the measured data. f) Cubic regression fitting of the measured

data.

The trend of SNR at certain sTEC can be estimated and
studied by using this mathematical equation. Therefore, the
received signal strength can be predicted if sSTEC is known. In
addition, sTEC in terms of vIEC and elevation angle, § as giv-
en in (9) is formulated from methodology presented. Here, a
correction factor is assumed to be equal to unity. By substitut-
ing (9) into (8), SNR in terms of vTEC and f can be formulated.
Thus, the received signal strength can also be estimated and
studied if vTEC and f are known.

STEC = .VTEC ©)
cosarcsin(0.934cos 3)|

The residual which is the difference between the meas-
ured value and predicted value is used to obtain residual plot
as shown in the bottom plot of Fig. 9. The points in residual
plot are randomly dispersed around the horizontal axis which
satisfies that the cubic regression model is appropriate for the
data. However, there are significant variations in SNR at
smaller sSTEC values, since there are larger residuals occurred
at smaller sTEC values compared with the higher sTEC val-
ues. Moreover, it can be observed that the SNR value gradual-
ly decreases when the sTEC is increases as shown in the upper
plot of Fig. 9. These results are similar with finding by Das-
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Gupta et al. [33], where the satellite signal strength decreases
when the ionospheric effect increases.

+ Measured data
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Fig. 9. Measured data and cubic polynomial best fit regression
as well as its residual plot.
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In order to verify the fitted model, measured data of sat-
ellite PRN 6 on 5 September 2014 is compared to the predicted
data calculated from the model as shown in Fig. 10. Covari-
ance describes how two variables are related. A positive covar-
iance means the variable are positively related, while a nega-
tive covariance means the variables are inversely related. The
covariance between the measured and predicted data is 1.0065.
Since the covariance is positive, the variables are positively
related. Hence, both sets of measured and predicted data tend
to show similar behavior.

Mean absolute percentage error (MAPE) is the most
common measure of forecast error by expressing accuracy as a
percentage of the error. MAPE is the average absolute percent-
age error for each time period or forecast minus actuals divid-
ed by actuals. MAPE of 0% indicates the predicted data is
100% fit the measured data, while MAPE of 100% indicates
both of the predicted and measured data do not fit each other.
The predicted data in Fig. 10 shows very high accuracy com-
pared to the measured data since the corresponding MAPE is
only 5.70%. Therefore, it is verified that the predicted model
fits the measured data well with very high accuracy and posi-
tive behavior.

1662
60
* Measured data
Predicted data
50 fais P —
e T i o 4
0 e eoe o0 o . D Bl
~
T
o
2 30
x
z
%]
20
10
ol v v v
70 75 80 85 90 95 100 105 110

Slant TEC (TECU)

Fig. 10. Measured and predicted SNR against sTEC.

4 CONCLUSION

The work presented has shown encouraging results based on the
utilization of TEC for the received signal strength performances.
The vertical TEC had been calculated by using a single-layer
model for the mapping function. The TEC data obtained from
GISTM shows that the maximum TEC occurs in the post local
noon, and minimum TEC occurs just before sunrise. The TEC
results have been validated by comparing to the TEC obtained
from CODE GIMs in the global scale. The best fit cubic polyno-
mial regression curve as a function of STEC have been funda-
mentally developed and verified based on data collected in
UNIMAS, Kota Samarahan, Sarawak, Malaysia. This regression
curve is forecasting the received signal strength performance in
equatorial region in line-of-sight environment. This contribution
will help in communication networks and navigation systems in
equatorial region. In addition, a longer period of experimental
data is necessary in order to characterize the satellite signal
strength performance further and generate a general empirical
model in this region. Furthermore, more input parameters such as
elevation angle and time of a day should be considered.
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