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Abstract — Very Small Aperture Terminal or VSAT is a type of telecommunications technology that uses satellites as a
transmission medium. In the VSAT installation process there is a process called pointing, which is the process of directing the
VSAT vertically and horizontally in the direction of the target satellite. This is very important to do to get good signal quality,
so that the service output from the VSAT is good. The position of the VSAT device on earth, while the satellite is in outer
space, creates complexity in the pointing process. The parameters to pay attention to when pointing are the azimuth value,
namely the direction formed horizontally between the VSAT device and the point 0 degrees north of the earth, as well as the
elevation value, namely the angle formed vertically between the VSAT device and the satellite towards the 0 degree point in
the horizon plane. To obtain the azimuth and elevation parameters, previous scientists had written them in a mathematical
Sformula with complex trigonometry elements. By using quantitative methods, this journal summarizes the programming of
these formulas using the C++ language. This is useful in the future to determine the suitability of calculation results and
can be developed further by direct integration into VSAT devices. This research also uses the NEO6M GPS module which
can provide coordinate information because it is needed in calculating the formulation. The results of this research are
that C++ can be used to program complex trigonometric mathematical calculations and the accuracy of the programmed
parameters can be adjusted according to the type of data used. In conclusion, the C++ language can be used to carry out

VSAT pointing parameter calculation programs in collaboration with GPS sensor readings with appropriate results.
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I. INTRODUCTION

ERY Small Aperture Terminal or VSAT is a type
V of telecommunications technology that uses satel-
lites as a transmission media [1]. VSAT is a radio
frequency transceiver device that has a parabolic an-
tenna [2], VSAT can serve several communication
needs including data, voice, image, video and broadcast
communications [3]. In the implementation process,
VSAT only requires stable electricity and open space.
Because of this convenience, VSAT is widely used in
Indonesia, where many areas are still not covered by
telecommunications networks due to the construction
of terrestrial network infrastructure that has not yet
reached these areas. The type of VSAT that is widely
used is VSAT which uses satellites orbiting in GEO
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(Geostationary Earth Orbit), this is because the revo-
lution time of the GEO orbit has the same time as the
Earth’s rotation time. So there is no need for regular
pointing.

When installing VSAT, there is an important pro-
cess, namely pointing. Pointing is the process of direct-
ing a VSAT to a satellite. The parameters to pay atten-
tion to when pointing are azimuth and elevation. Az-
imuth is the direction formed horizontally to the point O
degrees north of the earth, while elevation is the angle
formed vertically between the direction of the VSAT to
the satellite and the O degrees horizon plane [4]. The
suitability of azimuth and elevation angles significantly
impacts satellite signal reception quality and VSAT
service output. Proper antenna positioning through az-
imuth and elevation angle adjustments is crucial for
accurate satellite orbit detection and signal stability [5].
VSAT networks enable two-way internet access and
can be deployed globally [6]. Satellite attitude param-
eters, including pointing accuracy and stability, affect
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image quality in high-resolution telescopes [7]. Tilt
and azimuth angles influence photovoltaic system en-
ergy production, with optimal positioning essential for
maximizing output [8]. Ka-band satellite communica-
tions face challenges from rain attenuation, particularly
in tropical regions, necessitating accurate prediction
models [9]. Neural network models can predict optimal
tilt and azimuth angles for solar panels worldwide [10].
Propagation models and adaptive data rate methods can
optimize indoor access point placement [11].

Recent research on VSAT and satellite commu-
nication systems has focused on improving pointing
accuracy and automation. Studies have explored au-
tomatic detection systems for satellite orbit position-
ing using azimuth and elevation angle control [5], and
the impact of auto-tracking systems on antenna point-
ing accuracy [12]. Affordable programmed satellite
pointing systems have been developed for propaga-
tion experiments [13], while queue theory has been
applied to cross-polarization processes in antenna in-
stallation [14]. Performance analyses have been con-
ducted for satellite communication systems with ran-
domly located ground users [15] and for free-space
optical communications over turbulence channels with
pointing errors [16]. The need for automated oper-
ations in large distributed satellite systems has been
identified [17], and the development of VSAT networks
for various applications, including two-way Internet
access, has been reviewed [18].

This journal discusses how to convert these math-
ematical formulas so that they can be programmed
computationally using the C++ programming language
in the Arduino IDE software [19]. Apart from that, this
journal will also discuss the results of detecting loca-
tion coordinates in the form of longitude and latitude
by the NEO6M GPS module, the results of which will
be used in the programming. This program is only a
conversion of calculations into a computing system, in
fact, in the pointing process you have to look at the
signal parameters received by the VSAT as the main
validation of the feasibility of pointing. By using this
pointing model, users do not need to integrate an RF
detector device on the VSAT. You only need to look at
the signal reception level parameters while pointing. So
this program can be used on all types of VSAT GEO.

II. RESEARCH METHODS

The research methodology carried out in this research
uses a quantitative approach, where the author will
create a program and conduct trials on several prede-
termined subjects. The results of the trials are math-
ematical and can be calculated. The author uses an
Arduino Mega 2560 microcontroller, which employs

the ATMega 2560 IC as the main processor [20].
To obtain azimuth and elevation parameters, calcu-
lations can be performed using the following equations:

i. Azimuth Calculation

A’ = arctan (M)
sin (6,)
Where: ¢, = VSAT longitude, ¢, = Satellite longitude,
and 0, = VSAT latitude.

The value of A’ in this calculation must always be
positive. In addition, the latitude position of the VSAT
device relative to the equator and the longitude of the
satellite coordinates need to be considered [21].

1. VSAT at the north of the equator

(a) VSAT at the west of the satellite: A = 180 — A’

(b) VSAT at the east of the satellite: A = 180+ A’
2. VSAT at the south of the equator

(a) VSAT at the west of the satellite: A = A’

(b) VSAT at the east of the satellite: A = 360 — A’

When programming, note that all variable values

must be in radians. Therefore, it is necessary to convert
the values of VSAT longitude, VSAT latitude, and satel-
lite longitude from degrees to radians. This conversion
is obtained through the following equation:

ey

2~ y(rad) 2)

180
One logic that can be used to validate azimuth
calculations is as follows:

1. If the satellite longitude is greater than the VSAT
longitude, the azimuth direction will be between 0°
and 180°.

2. If the satellite longitude is smaller than the VSAT

longitude, the azimuth direction will be between
181° and 359°.

ii. Elevation Calculation

cos 6, - cos (¢, — ¢5) —0.151

1—(cosB,-cos (¢, — ¢s))2

Where: ¢, = VSAT longitude, ¢, = Satellite longitude,
and 6, = VSAT latitude.

Likewise, for elevation calculations, the variables
used must first be converted into radians:

E = arctan

3

P = y(rad)

= 4)

The logic for interpreting the elevation results is
that the closer the values between the satellite longitude
and the VSAT longitude, the greater the elevation value
will be, and vice versa.
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iii. GPS Detection

Data for VSAT longitude and latitude is obtained via
the installed GPS sensor. This component is mandatory
because if one or both of these variables are missing,
errors may occur, or the data cannot be processed at
all. GPS detection in this research uses the NEO6M V2
GPS module with an IC QMC5883L, which employs
a patch antenna with a sensitivity of 161 dBm and can
perform satellite tracking for up to 22 satellites with
50 channels [22]. In order for the research to proceed
according to plan, a clear workflow is required. The
workflow can be seen in the following flowchart:

GPS detection

User input satellite
Satellite
longitude

—{ Degree to radian conversion }

-~

Azimuth Program:
A — mtan(c“mw.))

sin 6,

coordinates

Elevation Program:
{cos 8y -cos($y—¢,))—=0.151
1—(cos 0, cos(6y—.))?

E = arctan | sl

gy < ot A = 180 — A’
gy > et A = 180 + A’

:

‘ Condition 1: 6, < 0 ‘

‘ Condition

Generate azimuth
and elevation values?

Figure 1: Research Flowchart

III. RESULTS AND DISCUSSION

The results part of the research is conducting trials and
interpreting the results of these trials. In this research,
the trials carried out were broadly divided into two:

i. GPS Detection Test

Tests were carried out with the NEO6M V2 GPS mod-
ule as a test subject to determine the results of the
resulting coordinate detection. To be able to carry out
detection, the program is run as follows:

while(serial_gps.available()) {
gps.encode(serial_gps.read());

}

if (gps.location.isUpdated()) {
Serial.println(gps.location.lat(),6);

Serial.println(gps.location.lng(),6);
delay(1000) ;

The result of testing:

Figure 2: Result of GPS Detection

Testing was also carried out in two conditions,
namely indoors and outdoors. This test was carried out
to determine the antenna’s performance in optimally
detecting under what conditions. The following results
were obtained:

Table 1: GPS Detection Test Condition

Condition  Detect Time Result
Indoor
Sunny >10 minutes Not detected
Rainy >10 minutes Not detected
Outdoor
Sunny 1 — 5 minutes Detected
Rainy 1 — 5 minutes Detected

The actual placement of the GPS module is indeed
outdoors and will be much more optimal in open out-
door conditions rather than inside a building. So the
roof/wall will not block the module during the satellite
tracking process.

ii. Calculation Programming Test

The trial was carried out by integrating the results
of GPS detection, which were then programmed us-
ing coding formed from the formula described in the
methodology section. To carry out the calculation pro-
gram, each part of the formula must be derived first and
cannot be directly combined in one command. The fol-
lowing program was run for the calculations Azimuth
and Elevation:

float a = (gps.location.lng() - (longsat));
ax(3.14/180) ;
tan(a);

a =
a =
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float b = gps.location.lat();

b = b*(3.14/180);
b = sin(b);
float ¢ = a/b;
c = atan(c);
c = c*(180/3.14);
if (c < 1){
c = cx(-1);
}
//========VSAT at north========

if (gps.location.lat() > 0){

if (gps.location.lng() < longsat){
azimuth = 180 - c;

}

}

if (gps.location.lat() > 0){

if (gps.location.lng() > longsat){
azimuth = 180 + c;

if (gps.location.lat() < 0){

if (gps.location.lng() < longsat){
azimuth = c;

}

}

if (gps.location.lat() < 0){

if (gps.location.lng() > longsat){
azimuth = 360 - c;

}

}

The program was tested at two locations, namely
locations with coordinates north and south of the equa-
tor. This difference affects the latitude value, where
locations south of the equator have negative latitude
values. The results are as follows:

Table 2: Azimuth Calculation Result

Coordinate Satellite  Result
Lat: 1.14183°N, Long : 104.11960°E 64°N  268.69°
146°N  91.23°
Lat: -6.200176°S, Long : 107.012908°E  64°N  276.56°
146° N  82.44°

float 1 = gps.location.lat()*3.14/180;
float L = (gps.location.lng() - longsat);
L = Lx3.14/180;

float b = cos(l);

float ¢ = cos(L);

float x = bx*c;

float xa = x - 0.151;
float xb = sqrt(1-sq(x));

float z = xa/xb;
z = atan(z);
elevasi = zx(180/3.14);

Elevation testing was only carried out at one loca-
tion, and the following are the results of the elevation
calculation program:

Table 3: Elevation Calculation Result

Coordinate Satellite  Result
Lat: -6.200176°S, Long : 107.012908°E  64° N  40.03°
108°N  82.65°
128°N  64.46°
146° N 44.45°

The results of the trials show that using the C++
programming language, users can perform arithmetic
and trigonometric operations with appropriate com-
mands. The calculation results can be directly com-
pared with other applications that use Python, Java, etc.
Additionally, the sensor detection results can also be
used as part of the ongoing calculation program.

The potential for further development in this re-
search is to optimize the GPS sensor used, ensuring
that it can detect location coordinates quickly and ac-
curately. One of the challenges encountered in this
research was the GPS sensor occasionally failing, so
it is crucial to ensure the GPS is functioning properly
before running the calculation program.

IV. CONCLUSION

The C++ language as a high-level programming lan-
guage can be used to program arithmetic and trigonom-
etry operations. In this case the implementation is used
to create an auto pointing program for VSAT devices.
VSAT, which is a telecommunications technology that
uses satellite transmission media, certainly has its own
challenges in the network development process. One
of them is the pointing process which must be appro-
priate in order to get good signal quality. This program
may be further developed to create a VSAT pointing
control project or prototype that does not need to use
an RF detector so that it can be applied to all types of
VSAT GEO devices. The results of this calculation are
of course not completely valid, once again it is neces-
sary to look at the results of the signal reception level
on the satellite modem to ensure the suitability of the
pointing. If using this calculation, it is recommended
to add a program for additional manual pointing that is
integrated with the motorized device to drive the VSAT.
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