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ABSTRACT

Satellite dishes are used to receive beams of signals from satellites and other broadcasting sources which are 
then focused onto an antenna. The dish needs to be adjusted to get the desired azimuth and elevation for 
maximum signal reception. To overcome the difficulty of adjusting it manually, it would be beneficial to have a 
system that aligns the satellite receiver by mechanical means while allowing the user to interact with the system 
remotely to achieve a line of sight communication with the satellite source of interest. This paper proposes 
the design and development of a system which receives user specifications from an Android application via 
Bluetooth by either specifying the direction of orientation of the dish or selecting a satellite of interest. A 
control system interacting with the developed user interface achieves this. It employs a microcontroller, a GPS 
device, a compass and two servo motors to manage the orientation of the dish on its horizontal and vertical 
axes. The Smartphone utilizes its Bluetooth socket to communicate with the Bluetooth module interfaced 
to the microcontroller. A database containing information on available satellites is included in the Android 
application which is transferred to the microcontroller for computation of azimuth and elevation angles 
when the GPS coordinates and compass headings are obtained from their respective devices. Tests carried 
out showed positive results for control of the orientation of the satellite dish in various directions over a 50m 
radius. The automatic adjustment functionality provided precise direction for line of sight communication 
when users chose their satellite of focus.
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Introduction

Satellites form an essential part of communication 
systems worldwide because they carry large amounts of 
data, telephone traffic and television signals. The use of 
satellites in everyday life is evident in the many homes and 
offices that are equipped with various forms of antennas 
which are used to receive signals from satellites located 
farther away from the earth. Satellites are positioned 
farther away from the earth because the gravitational 
pull of the earth is weaker at relatively higher levels and 
stronger at lower levels, so that communication satellites 
are usually mounted about 36,000 km away from the earth 
(Cheruku, 2010). Since about 42% of the earth’s area is 
visible from a satellite, satellite communication has an 
edge over other means of communication (Vaneli-Corali, 
A. et al., 2007). To prevent satellites fr--om swaying from 

their positioned orbits, some form of stabilization is 
required. Attitude control provides such stabilization 
through the orientation of the satellite with a system 
that keeps it moving evenly through its orbits (Galactics, 
2016). With geostationary satellites, the satellite can 
receive or transmit messages to any transmitter or 
transceiver that is within a fixed geographical area visible 
to the satellite at all times.

Communication between observers on the earth and 
satellites in space is made possible by means of antennas. 
A satellite dish is a type of antenna designed to focus on 
a specific broadcast source which receives information 
by reflecting signal beams and focusing them into a 
relatively narrow beam that hits its parabolic surface and 
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then passes the signal on to the feed horn, from where it 
is further transmitted to the receiving equipment (Nice 
& Harris, 2000). 

The art of remote communication between users of 
devices and their corresponding systems is becoming 
more and more complex daily, with diverse ways such 
as electrical wires, component cables, storage media, 
computer buses, radio signals and infrared beams, and an 
even greater variety of connectors, plugs and protocols 
(Franklin & Layton, 2000). 

Wired communication  is used to describe any type of 
communication process that relies on the direct use of 
cables and wiring to transmit data. Examples of wire-
based communication technologies include telephone 
networks and fiber-optic communication (Tatum, 2016). 

This notwithstanding, wireless technologies have 
changed how people and devices everywhere in the world 
can correspond with each other, where user or device 
location is not expected to be fixed for communication, 
with a great migration from wired to wireless technologies 
in many instances of life (Dutta, 2015, Adewusi, 2000). . 

Wireless communication technologies are of varying 
types, ranging from Infrared (IR) to Bluetooth. 
The distance between communicating devices is 
widely dependent on the type of wave involved in 
communication, which allows the transmission of data 
from within a few meters to thousands of kilometers. 
Bluetooth was developed in 1994 at Ericsson and 
operates in the unlicensed industrial, scientific and 
medical (ISM) band from 2.4 to 2.485 GHz, using a 
spread spectrum, frequency hopping, full-duplex signal 
at a rate of 1600 hops/sec. It is one popular method of 
wireless communication between devices (Rappaport, 
2002). This method of data communication uses short-
range radio links to replace cables between computers 
and their connected units (Sairam et al., 2016). The power 
consumption associated with Bluetooth communication 
is minimal and its range of communication between 
devices ranges from 1 to 100 meters, depending on the 
class of the Bluetooth device (Rappaport, 2002; Franklin 
& Layton, 2000).

Many smart phones today can communicate using 
Bluetooth. This makes useful systems that need some 
form of wireless communication protocol with users, 
ranging from home automation to industries, offering 
substantial benefits to wireless network operators. 
Android, which is open-sourced and backed by Google, 
has statistics in its favour, indicating the increasing 
popularity of their devices on the market, providing 
more incentives to develop applications for Android over 
closed and PC operating systems ( Jackson, 2011).

The system developed in this paper takes advantage of 
the fast-growing popularity of Android and Bluetooth 
technologies to develop an Android application that 
would use permission from users’ Bluetooth.

With very little error in misalignment that could lead 
to a complete loss of a signal from a satellite source, 
the coordination of the dish is very instrumental to the 
strength of signal received from the transmitting satellite 
(Giangrandi, 2016). A dish must therefore be positioned 
at a particular elevation and azimuth to achieve the 
strongest possible signal. Users will be allowed to select 
a satellite dish from a predefined database with essential 
parameters for a two-dimensional automatic orientation 
of their satellite dishes, allowing the achievement of a line 
of sight communication with the broadcasting source. 

Satellite Dish Positioning Systems

Various studies and researches have been done over 
the years on the design and development of satellite 
dish positioning systems through remote means. Kyaw 
Oo et al. developed Satellite Dish Positioning Control 
by DC Motor Using Infra-red (IR) Remote Control 
which sought to allow a user to position a satellite dish 
remotely through Infra- red (IR) communication (Me 
et al., 2006). In their system, rotation of the dish was 
allowed on its horizontal axis. This consisted of a PIC 
16F877A microcontroller to provide intelligence, and 
relay drivers and a DC motor to effect motion. The use of 
IR technology allowed a marginal distance between the 
user and the dish, promoting flexibility. 
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Commercial dish positioning systems have been 
developed to aid in positioning and general installation 
of satellite dishes. Infra-red (IR) communication has 
been the preferred choice of communication between 
the user and the satellite. 

Edgefx Technologies designed and developed the 
Remote Alignment of 3D Dish Positioning by Android 
Application. Remote operation of the system was 
achieved by any device running the Android operating 
system with a Graphical User Interface based touch 
screen operation. Components employed included an 
8051-series microcontroller, a Bluetooth device, motor 
drivers and DC motors. 

Wilkinson and Swenson (1999)  published a paper on the 
design of a satellite tracking station for remote operation 
and multi-user observation. The paper discusses the 
design of a satellite ground station at Utah State University 
to maintain multiple satellites by remote operation over 
the internet (Wilkinson & Swenson, 1999). This system 
allowed various users to remotely position the dish of 
the ground station via a Java interface to monitor low-
orbiting satellites based on their locations in reference 
to the ground station. A server daemon design running 
on Sun Solaris 2 provided connections to the users via 
an internet connection to the hardware drivers. This 
hardware part of the system was made up of a Tattletale 
8 microcontroller for receiving and computing position 
information of the satellite dish, a UNIX workstation 
for tracking station users over an internet connection, 
optical encoders for the relative positions of azimuth and 
elevation, and two DC motors for providing motion to 
the dish.

Voormansik (2009) carried out satellite signal strength 
measurements using the International Space University 
Ground Station and the University of Tartu Ground 
Station for satellites in Low Earth Orbits (LEO) 
(Voormansik, 2009). This required an antenna that 
points to the orbits in focus and an operator that has 
access to the ground station to communicate with its 
satellite to measure satellite signal strengths. 

Rafael et al. published a development of an automated 
system for maneuvering parabolic dish antennas 
used in satellite communication (Rafael, Gonçalves 
& Leite do Prado, 2012). In this work, the key steps 
required to manually maneuver an antenna dish were 
automated. A 3.2 meter diameter antenna dish, a digital 
satellite receiver and a GPS were employed to capture 
signals from the satellite source and focus them onto 
the antenna, decode the channels of the satellite and 
determine the position of the antenna respectively. User-
guided-interfaces developed with Java programming 
language for use on a computer were also provided that 
offered information about the movement of the antenna 
toward the reference position, the spatial position of the 
antenna and the carrier-to-noise ratio. After the antenna 
reached the reference position, the system monitored the 
quality of the reception through the carrier-to-noise ratio 
obtained, with a minimum value of 8 dB guaranteeing 
good reception (Ha, 1986). 

Based on the reviewed literature in consonance with 
the need in developing countries, we proposed a cost-
effective Satellite Positioning System with added 
functionalities. The system adapts the portable nature 
of Android devices and the growing market for their 
Bluetooth communication capability to provide an 
interface for users’ interaction with their systems 
for remote orientation of the satellite dish for line of 
sight communication. An on-board unit made up of a 
microcontroller, a GPS module, a Bluetooth module, 
a compass module and servo motors is assembled and 
attached to the support of the satellite dish receiver. The 
microcontroller receives parameters based on the user’s 
choice of satellite from the Android device via Bluetooth 
communication. Computation for the desired azimuth 
and elevation angles is made when the compass module 
provides the horizontal angle of direction of the dish 
and the GPS module provides position and altitude 
information from the receiver to the microcontroller. 
The microcontroller then sends the processed values of 
azimuth and elevation to the motors to effect movement 
and orientation for maximum signal reception.
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System Design and Development

System Architecture

 
  

 

 

Figure 1: System Design and Architecture 

 

Fig. 1: System Design and Architecture

The overall system design and architecture is depicted in 
Figure 1 and shows the various developed hardware and 
software modules and their corresponding integration. 
It consists of an Android application running on a 
smartphone equipped with the Bluetooth adapter 
which interfaces with the hardware modules (Positional 
Rotation Servo, Continuous Rotation Servo and 
Compass)

System Modules

Android User Interface

The Android Application provides the interface by which 
users of the satellite dish interact with the dish. With 
Bluetooth technology, the application needs to access 
the Bluetooth adapter of the Android device, scan for 
available devices and allow pairing and a connection to 

occur on request. If the user is authorized to access the 
Bluetooth module of the dish, he/she will be allowed 
to activate an ‘auto-orient’ feature, whereby a satellite 
source will be chosen from a database for the system to 
automatically position itself. The user will also be allowed 
to change the orientation of the dish along its vertical 
and horizontal axes by pressing directional buttons 
corresponding to their respective commands. 

The Android application has the following requirements:

1.	 Application should have a perceptive user interface.
2.	 Application should allow users to search for available 

Bluetooth devices, select their preferred device’s 
corresponding module identity (satellite dish’s 
Bluetooth module) and connect to it.

3.	 Users should go through an authorization stage 
where a password is verified for security reasons 
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before access to the control features of the application 
is granted.

4.	 Users should be able to align the dish to left, right, 
upward or downward positions using directional 
buttons.

5.	 Users should be able to select a preferred satellite 

from a list of satellites available in the application.
6.	 Users should be able to command the dish to 

position itself automatically through the application.
7.	 The flowchart for the operation of the Android 

application is depicted in Figure 2 (A).

 

Fig. 2: A) Operation of Android Application
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Fig. 2: B) Operation of Satellite Mount System

Satellite Database

The database is a predefined one and contains two 
tables: sqlite_sequence and satellite Info. The sqlite_
sequence is an automatically generated table within the 
database which is used to implement the automatic 
increment functionality of the satelliteInfo ID attribute. 
The satelliteInfo table contains information such as 
the satellite’s name, perigee, apogee, longitude and 
inclination. Upon selecting a desired satellite from a 
spinner in the developed Android interface, an activity is 
launched to ensure that the satellite information selected 
is retrieved from the database and then used to compute 
the corresponding elevation and azimuth of the satellite 
receiver dish for auto alignment.

Satellite Dish Mount System

The power supply unit is the essential subsystem which 
provides power to the various components of the 
entire system: the microcontroller, servos, GPS device, 
Bluetooth and compass modules. With the exception of 
the Bluetooth and compass modules which needed 3.3V, 

all other components and the microcontroller needed an 
average of 5V direct current supply.

The requirements of the subsystem comprising the 
mount are:

1.	 System should allow communication with the user 
by allowing an open and dedicated connection.

2.	 System should receive positional commands 
from the user and effect them with the help of the 
corresponding actuators.

3.	 System should compute and readily present GPS 
coordinates for computation at any given time.

4.	 System should provide the compass heading with 
respect to the earth’s magnetic north to enable 
tracking of the azimuth of the satellite dish receiver.

5.	 The flowchart for the operation of the Satellite 
Mount module is depicted in Figure 2(B).

The microcontroller is the unit containing all the 
information that controls all the hardware components 
which are interfaced with it. The positional rotation 
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servo is used to alter the elevation of the dish whilst the 
continuous rotation servo is used to allow change in 
azimuth of the dish. The Bluetooth module is responsible 
for the communication between the Android application 
and the dish where the commands are sent from the 
device and received by the module, then transferred 
serially to the microcontroller to effect corresponding 
commands.

The compass and GPS module are especially responsible 
for the auto-orientation functionality of the system. 
The compass is responsible for providing the heading 
information for the dish, allowing it to keep track of its 
azimuth in relation to the earth’s magnetic north pole. 
The GPS module provides the position coordinates of the 
dish’s location which are used to compute the elevation 
and azimuth of the dish with respect to that position. The 
SkyNav SKM53 Series was the preferred choice because 
of its capabilities in harsh GPS visibility environments 
and a tracking sensitivity of –165 dBm, which give it a 
wide extension of position coverage. It is also proficient 
in environments of temperature ranging from 40 to 
85°C. Bluetooth modules come in a variety of classes - 
1, 2 and 3 - which determine their range of operation. 
The class 1 Bluetooth module allows communication 
with other Bluetooth devices within a radius of 100m, 
which is the maximum area for Bluetooth devices. The 
HC-05 Bluetooth module was employed because of the 
wider range it provided at a cheaper cost. The HMC6352 
compass module has multiple operating modes that 
balance the use of power with query acquisitions and 
rapid heading updates.

The scope of the system required a 2-dimensional rotation 
in the vertical and horizontal axes. This demanded that 
two different motors be utilized. The elevation angle was 
required to be controllable from 0° to 90° and the azimuth 
controllable from 0° to 360°. Continuous rotation servos 
do not provide feedback to the system; nonetheless, they 
allow a maximum degree of rotation about the pivot. 
Positional rotation servos allow rotation from 0° to 180° 
with feedback to the system, which is a much preferable 
option for control systems. Since elevation positioning 
did not require a full range of operation, a positional 
rotation servo was required for that functionality, with 
limited motion within a 90° range and a continuous 
rotation servo for the azimuth positioning functionality. 
The HS-133 and the HSR1425-CR which are positional 
and continuous rotation servos respectively were 
selected.

System Design

A flow diagram showing the operation of the system is 
shown below:

A flow diagram showing the overall operation of the 
system is shown below in Figure 3. When the system 
starts, it selects the satellite Bluetooth device and 
connects it. Querying the satellite dish for new satellite 
position and aligning them to user’s specified choices and 
customizations. After that operation, it finishes the setup 
and waits for new user preferences by going through the 
same cyle.
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Fig. 3: Flow Chart for System Operation

System Implementation and Testing

The implementation of the system involved the 
development of the Android application, creating and 
populating the database containing satellite information, 
building the power supply, programming of individual 
components and the integration and testing of the 
entire system, the components of which are taken singly 
as incremental modules. The various implementation 
processes of the subsystems comprising the overall 
system are discussed in the following subsections.

Android Application Development

The layout interface of an Android application was 
defined in an XML file instead of the particular .java file 
implementing that activity. This was done to make it 
more manageable. The function of the main activity of 
the application is to allow a connection to other classes 
within the Android project. To enable discovery of 
available Bluetooth devices, a class within the Android 
project is first called with the option given for a user to 
choose one of the devices to connect to. This activity 

automatically checks the state of the Bluetooth adapter 
on the device. If the device does not have a Bluetooth 
adapter, it means that the application cannot locate and 
control other Bluetooth devices and the application 
closes; otherwise, the Bluetooth adapter is automatically 
switched on and allowed to discover other Bluetooth 
devices in its radius of view. On selection of an available 
Bluetooth device, its name, its MAC address and bond 
status are saved. With the MAC address’ correspondence 
with the satellite dish’s Bluetooth module, authentication 
of user’s access is made by means of a password before 
adjustment functionality of the dish is allowed. A .java 
class is responsible for the mutator (setter) and accessor 
(getter) methods of the satellite parameters from the 
database. The mutator method is used to set the values 
of the records in the database during insertion at the 
initialization of the application and the accessor method 
is used to retrieve queried records. The developed 
interface for system user authentication and the Android’s 
application activity control is shown in Fig. 4A and 4B 
below.
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Fig. 4: A) User Authentication Dialog Interface and B) Android’s Application Control Activity

Development of Satellite Database in SQLite

Creating and using databases in Android involves one 
of two approaches: dynamically creating the database 
at runtime or having a predefined database with data 
already stored in it. The first approach is of great use in 
applications that involve storing data for applications 
which could be constantly updated by a user. The second 
approach is essential when the data to be used in the 
application is known and of a large size, which might 
otherwise slow down the application in case of access of 
data items from the database, were the earlier approach 
used. Since the database of satellite information required 
numerous records which had predefined parameters, 
the second option was brilliant. The SQLiteDatabase 
created was moved to the assets folder of the Android 
project which copies it into the system database path of 

the application. The SQLiteDatabase API then opens and 
accesses it normally.

Calculation of Elevation and Azimuth Angles

The angles for the elevation and azimuth of any satellite 
dish receiver are dependent on the geographical 
coordinates and altitude of the dish relative to that of 
the satellite in terms of its sub-satellite point and height. 
In the computation of the angle of elevation of the 
satellite dish in relation to the satellite in focus, triangular 
trigonometry was used. The assumption made was that 
the earth is a perfect sphere with an origin (0,0,0) and an 
even radius, R=6371000 m.

For the computation of distance d, the user coordinates 
and sub-satellite points are converted to Cartesian 
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coordinates (x,y,z) and the straight line distance (SLD) 
computed between them for the calculation of angle e 
from the triangle obtained.

Assuming the sub-satellite point position, pos(θ1,Ø1) and 
the coordinates of the user position, pos(θ2,Ø2),

xpos1 = R cos(θ1) cos(Ø1)                                        (1)

ypos1 = R cos(θ1) sin(Ø1)                                         (2)

zpos1 = R sin(θ1)                                                        (3)

Similarly, 

xpos2 = R cos(θ2) cos(Ø2)                                        (4)

ypos2 = R cos(θ2) sin(Ø2)                                         (5)

zpos2 = R sin(θ2)                                                        (6)

The SLD between them is computed as

 

𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝2 = 𝑅𝑅 cos(𝜃𝜃2) cos(∅2)                                            (4)
𝑦𝑦𝑝𝑝𝑝𝑝𝑝𝑝2 = 𝑅𝑅 cos(𝜃𝜃2) sin(∅2)                                             (5)
𝑧𝑧𝑝𝑝𝑝𝑝𝑝𝑝2 = 𝑅𝑅 sin(𝜃𝜃2)                                                             (6) 

The SLD between them is computed as 

𝑆𝑆𝑆𝑆𝑆𝑆 = √(𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝1 − 𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝2)2 + (𝑦𝑦𝑝𝑝𝑝𝑝𝑝𝑝1 − 𝑦𝑦𝑝𝑝𝑝𝑝𝑝𝑝2)2 + (𝑧𝑧𝑝𝑝𝑝𝑝𝑝𝑝1 − 𝑧𝑧𝑝𝑝𝑝𝑝𝑝𝑝2)2               (7) 

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 − 90° ≤ 𝜃𝜃 ≤ 90°(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)
𝑎𝑎𝑎𝑎𝑎𝑎             0 ≤ ∅ ≤ 360 (𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) 

With the SLD computed, the cosine rule is again used to find the angle e, which is employed to 

find the angle r. 

From the cosine triangle, 

(𝑅𝑅 + ℎ𝑠𝑠)2 = (𝑅𝑅 + ℎ𝑎𝑎)2 + 𝑑𝑑2 − 2(𝑅𝑅 + ℎ𝑎𝑎)(𝑑𝑑) cos(𝑟𝑟)                   (10)

𝑟𝑟 = cos−1 (
(𝑅𝑅 + ℎ𝑎𝑎)2 + 𝑑𝑑2 − (𝑅𝑅 + ℎ𝑎𝑎)2

2(𝑅𝑅 + ℎ𝑎𝑎)(𝑑𝑑) )                                       (11)

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑟𝑟 − 90°
𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸ℎ
ℎ𝑎𝑎 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑑𝑑𝑑𝑑𝑑𝑑ℎ
ℎ𝑠𝑠 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

From spherical trigonometry, with a spherical triangle drawn on the surface of the earth; 

     

(7)

With the SLD computed, the cosine rule is again used to 
find the angle e, which is employed to find the angle r.

From the cosine triangle,

𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝2 = 𝑅𝑅 cos(𝜃𝜃2) cos(∅2)                                            (4)
𝑦𝑦𝑝𝑝𝑝𝑝𝑝𝑝2 = 𝑅𝑅 cos(𝜃𝜃2) sin(∅2)                                             (5)
𝑧𝑧𝑝𝑝𝑝𝑝𝑝𝑝2 = 𝑅𝑅 sin(𝜃𝜃2)                                                             (6) 

The SLD between them is computed as 

𝑆𝑆𝑆𝑆𝑆𝑆 = √(𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝1 − 𝑥𝑥𝑝𝑝𝑝𝑝𝑝𝑝2)2 + (𝑦𝑦𝑝𝑝𝑝𝑝𝑝𝑝1 − 𝑦𝑦𝑝𝑝𝑝𝑝𝑝𝑝2)2 + (𝑧𝑧𝑝𝑝𝑝𝑝𝑝𝑝1 − 𝑧𝑧𝑝𝑝𝑝𝑝𝑝𝑝2)2               (7) 

𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 − 90° ≤ 𝜃𝜃 ≤ 90°(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)
𝑎𝑎𝑎𝑎𝑎𝑎             0 ≤ ∅ ≤ 360 (𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙) 

With the SLD computed, the cosine rule is again used to find the angle e, which is employed to 

find the angle r. 

From the cosine triangle, 

(𝑅𝑅 + ℎ𝑠𝑠)2 = (𝑅𝑅 + ℎ𝑎𝑎)2 + 𝑑𝑑2 − 2(𝑅𝑅 + ℎ𝑎𝑎)(𝑑𝑑) cos(𝑟𝑟)                   (10)

𝑟𝑟 = cos−1 (
(𝑅𝑅 + ℎ𝑎𝑎)2 + 𝑑𝑑2 − (𝑅𝑅 + ℎ𝑎𝑎)2

2(𝑅𝑅 + ℎ𝑎𝑎)(𝑑𝑑) )                                       (11)

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝑟𝑟 − 90°
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ℎ𝑎𝑎 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑑𝑑𝑑𝑑𝑑𝑑ℎ
ℎ𝑠𝑠 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

From spherical trigonometry, with a spherical triangle drawn on the surface of the earth; 
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drawn on the surface of the earth;

 

 
Fig. 5: Calculation of A) Azimuth and B) Elevation Angle

Azimuth refers to the rotation of the whole antenna 
around a vertical axis.
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From the laws of cosines, 

cos(𝑏𝑏) = cos(𝑎𝑎) cos(𝑐𝑐) + sin(𝑎𝑎) sin(𝑐𝑐) cos(𝐵𝐵)                       (12)
𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝐵𝐵 = 𝑙𝑙𝑙𝑙𝑙𝑙2 − 𝑙𝑙𝑙𝑙𝑙𝑙1

𝑎𝑎𝑎𝑎𝑎𝑎 𝑐𝑐 = 90° − 𝑙𝑙𝑙𝑙𝑙𝑙1

𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎 = 90° − 𝑙𝑙𝑙𝑙𝑙𝑙2

𝑏𝑏 = cos−1(cos(𝑎𝑎) cos(𝑐𝑐) + sin(𝑎𝑎) sin(𝑐𝑐) cos(𝐵𝐵))
From the sine rule, 

sin(𝐴𝐴)
𝑎𝑎 = sin(𝐵𝐵)

𝑏𝑏 = sin(𝐶𝐶)
𝑐𝑐                                                            (13)

⇒ 𝐴𝐴 = sin−1(𝑎𝑎 sin(𝐵𝐵)
𝑏𝑏 ) 

Programming of Individual Hardware Components 

The Bluetooth module was first set in AT mode to configure some modifications to selected 

default properties of the module, such as its name, for easy identification by the satellite dish 

receiver and a baud rate of 9600 for communication with the microcontroller. It was then 

programmed to receive ASCII characters from the Bluetooth device of the Android mobile. 

Available ASCII were now converted to characters in the microcontroller with switch() statements 

implementing their respective conditions where 'a' meant an automatic positioning, 'u' referred to 

an upward signal, 'd' to a downward signal, 'l' to movement in the left direction and 'r' to movement 

towards the right. Since the microcontroller received characters from the Bluetooth socket of the 

mobile device serially, there was the need for concatenation and then conversion into floating point 

variables corresponding to the height and longitudes of selected satellites. 
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The Bluetooth module was first set in AT mode to configure some modifications to selected 

default properties of the module, such as its name, for easy identification by the satellite dish 

receiver and a baud rate of 9600 for communication with the microcontroller. It was then 

programmed to receive ASCII characters from the Bluetooth device of the Android mobile. 

Available ASCII were now converted to characters in the microcontroller with switch() statements 

implementing their respective conditions where 'a' meant an automatic positioning, 'u' referred to 

an upward signal, 'd' to a downward signal, 'l' to movement in the left direction and 'r' to movement 

towards the right. Since the microcontroller received characters from the Bluetooth socket of the 

mobile device serially, there was the need for concatenation and then conversion into floating point 

variables corresponding to the height and longitudes of selected satellites. 

Programming of Individual Hardware Components

The Bluetooth module was first set in AT mode to 
configure some modifications to selected default 
properties of the module, such as its name, for easy 
identification by the satellite dish receiver and a baud rate 
of 9600 for communication with the microcontroller. 
It was then programmed to receive ASCII characters 
from the Bluetooth device of the Android mobile. 
Available ASCII were now converted to characters in the 
microcontroller with switch() statements implementing 
their respective conditions where ‘a’ meant an automatic 
positioning, ‘u’ referred to an upward signal, ‘d’ to a 
downward signal, ‘l’ to movement in the left direction 
and ‘r’ to movement towards the right. Since the 
microcontroller received characters from the Bluetooth 
socket of the mobile device serially, there was the need 
for concatenation and then conversion into floating point 
variables corresponding to the height and longitudes of 
selected satellites.

With the positional servos, the shaft producing the 
output rotates 180º both clockwise and anti-clockwise, 
with stops placed in the gear mechanism to prevent 
turning beyond these limits. Given their limited range of 
rotation, it was preferred that they be used in the control 
of the elevation of the satellite dish. The servo was 
programmed to respond to the commands corresponding 
to upwards and downwards movements. In cases where 
the maximum elevation is reached, the servo motor does 
not respond to upward commands; the same applies to 
downward commands for minimum elevation. 

Since continuous rotation servos allow rotation in 
either direction indefinitely, they were the preferred 
choice for rotation along the horizontal axis. With 
continuous rotation servos, the control signal sets the 
speed and direction of the servo— either clockwise or 

anticlockwise— rather than its position. When positional 
rotation servos are instructed to move, they will move to 
the position and hold it. The servo.writeMicroseconds() 
function was used to control the servo by pulse width 
modulation (PWM). A value greater than 1500 allowed 
the servo to move in the clockwise direction whilst a 
value less than that allowed the servo to be moved in the 
opposite direction. With 1500 in the function, the servo’s 
neutral position is achieved. A delay was introduced after 
each movement to determine the duration of the pulse, 
determining the angle of rotation. Since continuous 
rotation servos do not have feedback control, a count 
variable was used to keep track of the azimuth of the dish, 
which had a maximum value of 359 and a minimum of 0 
with a modulus operand. 

The GPS module was required to provide the microcon-
troller with three parameters for the computation of the 
dish’s azimuth and elevation - the latitude, longitude and 
height of the dish. Due to the limited capability of the 
ports of Arduino Mega to support interrupts, only spe-
cific ports had the capacity to perform serial reception of 
data. The TX and RX pins of the GPS module were there-
fore assigned to ports 51 and 53 of the Arduino board 
respectively. The GPS module was assigned a baud rate 
of 9600. Functions defined in the TinyGPS header were 
used in the code to obtain the current latitude, longitude 
and altitude of the dish.

The compass module had the basic task of tracking the 
heading of the satellite dish in relation to the Earth’s 
magnetic north. It was required that the RX and TX pins 
of the compass module be connected to the data (SDA) 
and clock (SCL) lines (20 and 21 respectively) of the 
Arduino board.

Hardware and System Integration

With the testing of the functionalities of the individual 
components completed, it was useful to integrate the 
individual components to form the hardware subsystem. 
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Embedded Unit Circuitry Test

The testing of the unit circuitry was done to ensure 
that it met the voltage and current requirements of 
each component and the entire unit. Supplying a lesser 
voltage will cause certain components of the system not 
to respond to certain query signals. With the 5V 65mA 
power requirement not met, GPS transmission was not 
possible. The compass demanded voltage levels between 
2.7 and 5.2 V. The Bluetooth module ideally demanded 
voltage of 3.3V but had allowance and worked normally 
up to 6V. The microcontroller board requires a voltage of 
5V, while there was the possibility of frying the chip with 
voltages in excess of that. The unit employed a power 
circuit which rectified the 220V AC supply to ~11.7V 
DC. Due to power fluctuations during the testing phase, a 
5V DC regulator was employed to create the expectation 
that the output of the DC regulator will always be in the 
region of 5V. Tests conducted produced the same voltage 
at the output of the DC regulator.

System Testing and Results

Once the hardware integration and power requirements 
tests were complete, it was necessary to test the entire 
hardware system with the Android application. The 
Android application was installed and started on a 
Samsung Galaxy Note 3 SM-N9005 which required 
user authorization for the application to access and turn 
on the system’s Bluetooth adapter (if previously off) 
and begin discovery of available Bluetooth devices. On 
selection of the satellite dish’s Bluetooth device from the 
list, the option was given for pairing and connecting to it 
with a successful authentication. A blank field or wrong 
password entry presented an alert and prevented further 
use of the application by the user till a correct entry was 

made. With approved credentials, access was gained 
to the Android activity that allowed the control of the 
satellite dish receiver.

The directional buttons were first tested to ensure 
their correspondence to the various directions they 
represented. In the initialization state, the elevation 
of the dish is set to 0° - in parallel with the horizontal, 
with no response to input indicating further movement 
downwards. The button with an arrow moving upwards 
produced a corresponding shift in position, increasing 
the elevation from its original position to a maximum 
elevation angle of 90°. The buttons which issued 
commands to allow for clockwise and anticlockwise 
rotation allowed unlimited change in azimuth angles in 
both directions.

When the auto-rotation functionality of the application 
was triggered without the selection of any satellite source, 
a prompt issued an alert that a broadcasting source be 
selected for that feature to execute. Various satellite 
sources were selected for the auto-rotation functionality 
of the application to transmit satellite information to the 
microcontroller for computation and allow orientation 
of the dish in computed values of azimuth and elevation. 
The main aim of this test is to measure the difference in the 
values obtained from the system azimuth and elevation 
calculations and alignment in contrast to the expected 
values. The automatic alignment process involves the 
following stages: parameters of satellite selected by 
user are received by Bluetooth module and sent to 
microcontroller; microcontroller performs computation 
for azimuth and elevation and rounds it off to the nearest 
integer; system positions itself in accordance to resulting 
computation as shown in Figure 6. Since the servo 
motors only allowed rotational changes with no decimal 
places, there was a little allowance for error.
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calculations and alignment in contrast to the expected values. The automatic alignment process 

involves the following stages: parameters of satellite selected by user are received by Bluetooth 

module and sent to microcontroller; microcontroller performs computation for azimuth and 

elevation and rounds it off to the nearest integer; system positions itself in accordance to resulting 

computation as shown in Figure 6. Since the servo motors only allowed rotational changes with 

no decimal places, there was a little allowance for error. 

 

 

Figure 6: Results of Android interface testing for satellite dish positioning system 

 

 

 

  
Fig. 6: Results of Android interface testing for satellite dish positioning system

Table 1: Comparison between Expected and System’s Azimuth and Elevation for 7 different satellites

Expected Azimuth 265.41 102.64 138.43 101.31 108.72 100.19 112.78

System’s Azimuth 264 102 138 102 108 100 112

Expected Elevation 31.58 61.57 81.14 58.76 69.91 55.96 73.17

System’s Elevation 32 62 81 59 70 56 73

Table 1 above shows the results of tests with 7 satellites 
selected showed an error margin ranging from -0.0068% 
to 0.00692%, which is satisfactory as satellite dish 
receivers will maintain a line of sight communication 
with sources from the computation. Satellites sources not 
in the range of view of the satellite dish were also selected 
for testing with a negative response from the system. 

Conclusion

The design procedures for both the hardware and 
software components were realized. The developed 
system was successfully tested and deployed. After 
successful completion of this research and subsequent 
deployment, the following benefits are realized by users 
of the system: (1) ease of control of system (2) remote 
control of system (3) automatic alignment for line of 
sight communication with satellite source. 
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