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ABSTRACT

Satellite dish antennas have become popular in recent years primarily for use in-
vehicle communication systems. Accordingly, the satellite dish antenna further
comprises a roof mount to install the dish on the roof of the vehicle, such as maritime
vessel, truck, or caravan. However, such a mobile satellite dish has several drawbacks.
As it is mentioned above, since the satellite dish antenna is a highly directional
antenna, the dish must be manually adjusted its orientation when the vehicle travels
from place to place. The tuning process requires the user to manually elevate, lower,
and position the dish to the direction of the satellite, where the alignment of the dish is
somewhat difficult to be fixed due to the manual adjustment and usually resulted in
low-quality signal reception and possible satellite interference. Furthermore, the dish
may be unintentionally shifted its orientation misalign with the direction satellite in a
high wind operating environment. An automated satellite TV tracking system can
rather be very expensive depending on system complexity. The mobile satellite dish
antennas are costly to manufacture, install, and maintain in order to perform as the
mentioned condition. Accordingly, the manufacture of the receiving dish itself is
somewhat inexpensive. However, the installation of the satellite dish antenna is time-
consuming and requires an experienced technician to install and maintain the whole
electrical wiring for the user’s requirements and the system’s safety. This project is
aimed to produce a reliable and cheaper prototype of satellite TV tracker system. The
output of this project is intended to be mounted on a maritime vessel. The tracking of
the satellite TV signal is difficult to achieve as the vessel is always in motion on the
sea surface. Thus, this research presents the study, design and development of
positioning control for the satellite tracking system on a maritime vessel. A stable
satellite tracking controller by the module of combining Arduino microcontroller and
accelerometer is designed to cope with the sensor imprecision and sea environment.
DC motors are then used to move the satellite television dish according to the input of
azimuth and elevation angles. The determination of where the motor should stop was
achieved with the integration of a control system operated by Arduino programming
and accelerometer sensor. The desired television signal can be brought to the TVRO
on the mobile vessel through the antenna with the inputs orientation and the tracking
controller. This information will depend on the latitude and longitude of the vessel’s
current position. The designed prototype is capable to track MEASAT 3B signal
automatically using the programmable language. Hence, the signal gain is validated
using a spectrum analyzer at any specific location to confirm and measure the signal
strength of the TVRO which is more than the allowable minimum performance of the
received satellite signal (> -31.987dBm). The accuracy of the tracker is measured
within the allowable performance.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Satellite television receivers which cognize satellite broadcast television
signals for display by a television monitor are well known in the art. These receivers
are commonly used in earth stations by users in connection with an antenna in order to
directly receive satellite broadcast television signals. Satellite broadcasting is the
distribution of multimedia content or broadcast signals via a satellite network
(Oppurtunities, November 2006). The broadcast signals usually originate from
television (TV) or radio station and then are sent via a satellite uplink to a
geostationary artificial satellite for redistribution or retransmission to other
predetermined geographic locations through an open or a secure channel. Downlinks
are then received by base stations such as small home satellite dishes or by base
stations owned by the local cable network for redistribution to their customers. Figure

1.1 shows the satellite transmission from and to the Earth.

Satellite

Transmitting

| Receiving
Earth station

Earth station

Figure 1.1: Satellite Transmission from and to the Earth



Satellite broadcasting is a system of content distribution using broadcast
signals relayed to and from communication satellites, which are then received by
parabolic receiving satellite dishes. The signals are then passed through a low-noise
block converter for conditioning.

A satellite receiver cognizes the incoming signals and transfers them to the
user through television or satellite radio. In the case of satellite television, the signals
coming in are encoded and digitally compressed so as to minimize the size that
enables the provider can bundle more channels into the signal. The user can then
select which channel to decode and view. The compression used for satellite digital
TV is often moving picture expert group (MPEG) compression so that quality can be
retained.

Television satellite television reception only (TVRO) systems are very popular
in rural areas where the conventional broadcast program is unavailable, and even in
those areas where a cable is not yet available as it provides an incredibly broad range
of channels to choose from. These satellite receivers are generally coupled with an
associated actuator which is controllable by the operator to change the positioning of
the antenna from one satellite to another. Figure 1.2 shows the transmit-receive

broadcasting satellite service.



Figure 1.2: Satellite Transmission from and to the Earth

(Rashedul Hug, December 2016)

In this research, the satellite signal that needs to be recognized by the
automatic satellite tracker is MEASAT; which is a premium supplier of services that
leading broadcasters, Direct-To-Home (DTH) platforms and telecom operators. The
MEASAT fleet includes MEASAT-3, MEASAT-3A and MEASAT-3B satellites co-
located at 91.5°E (Oppurtunities, November 2006). Leveraging facilities at the
MEASAT Teleport and Broadcast Centre, and working with a select group of world-
class partners, MEASAT also provides a complete range of broadcast and
telecommunications solutions. Services include ultra-high definition, high definition
and standard definition video playout, video turnaround, co-location, uplinking,

broadband and IP termination services.



1.2 PROBLEM STATEMENTS

In order to position the satellite dish automatically, the angle and elevation of
the dish have to be correctly positioned. This is to ensure a clear receiving signal
received by users. That is why for home installation, a broadcast satellite dish is
always in fix mounted position in order to maintain constant signal coverage for users.
However, this situation differs with mobile platforms such as maritime vessel, air and
land mobile transportation. Identifying the bearing and azimuth for the dish on a
mobile platform can certainly take hours especially during the rough condition.
Watching TV while the vessel is in motion using a fixed pointing satellite dish would
be impossible since the direction towards the satellite keeps changing as the vessel
moves about.

The ability to get clear television reception on a mobile platform has always
been an important issue. Tracking satellite signal is a must for a marine vessel in order
to connect with local channels. Movements of a ship, partly generated by waves, will
force the antenna to point away from the satellite and this could cause the interruption
of the satellite signal. Another problem arises when the signal is blocked due to
change in atmosphere, or a physical hurdle between the antenna and satellite. This
results in feeding the faulty data to the control loop and hence leading to the loss of
tracking functionality. Figure 1.3 shows the real application of broadcast satellite

antenna on a mobile maritime vessel.



Figure 1.3: Broadcast Satellite Antenna on a Maritime Vessel (Soltani, January 2011)

Land-based satellite tracking antenna requires adjusting the orientation to align
with the current location of the ship. Since the satellite is typically synchronized with
the Earth motion, no further adjustment is required once the antenna is locked to the
truly desired orientation in static condition. The ship mounted antenna tracking control
is more challenging since the ship is constantly plying. Motors and driver that need to
move the satellite dish on the mobile platform also is part of the problem that needs to
be looked into the kinematics and tracking control of the system. Hence, a suitable
type of motors is one of the important aspects as well in the designing process. Due to
the load weight of the whole system of the satellite tracker, an electronics motor is
suitable to sustain the load.

There are certain details we will require in order to successfully align the

satellite dish accurately to the correct satellite for our requirements. There are two



details need to detected for satellite tracking system. The orientation of azimuth will
be the heading required for the dish. The satellite that is broadcasting the signal will
have a point of reference which the dish needs to be aligned to. As for example,
satellite A, B or D is set at 28.2° East of True South of the ship current location. The
other orientation is the elevation angle which is the angle required for the dish that is
above the reference heading for the satellite that we have aligned the heading towards.
As the Earth curves, we need to find the correct elevation for the area where the dish
will be situated (Pooja, 2013).

An Arduino microcontroller is as important as the computer control system.
The main benefit of the microcontroller is also to control the position of the antenna.
A microcontroller can be the command to move satellite pointing dish exactly to a
specific position pointing Measat 3B satellite. Satellite dish requires accuracy. In this
research, Arduino microcontroller has been selected to control the satellite dish for the
system. The correct positioning of the satellite dish can be achieved by comparing its
current position and the position inputs from accelerometers. Moreover, Arduino
microcontroller is selected as it is a low-cost high-performance RISC (Reduced
Instruction Set Computer) system that has many input-output (1/0) ports, memory and
communication ports.

So it is suitable for controlling the actual position of the systems. The system
can locate the satellite receiver dish at different positions. The most common issue
anyone will come across when aligning the dish is aiming at the correct satellite for
the broadcasts they require. Satellite receivers do have certain details on them
regarding the satellites, but they cannot determine whether you are aligned to the
correct satellite (Soltani, January 2011). They rely on the user to align the dish in the

correct direction.



The control system of the satellite tracker is fundamental in moving the
antenna. In this research, the controller is focused on controlling direct (DC) motors to
adjust the antenna dish according to the required orientation. It is consists of a few
hardware connected before the dish. However, due to time limitation, this system is
controlled in an open loop.

This hardware configuration is built within the dish to control the dish
movement. This system consists of hardware components which accelerometer as the
positioning sensor, Arduino microcontroller, a driver for DC motor and DC motors.
The inputs of the controller will be the orientation of azimuth and elevation angle
detected by the detection by Global Positioning System (GPS). This input will be the
command for the controller to initiate the DC motors operation. This is only for the
movement of the motors.

1.3 PURPOSE OF THE STUDY

This research aimed to investigate how to automatically position the satellite
receiver dish by means of automatic control. The pointing of a satellite TV dish can be
automatically controlled by an accelerometer that controls the desired azimuth and
elevation angle respectively at a different location. These magnetic compasses act as
the positioning sensors that allow DC motors to rotate the receiver antenna’s platform.
This system is aimed to be operated on a maritime vessel and land vehicle to enable
users to receive satellite television channel on-the-go. There are many existing
systems that have been using this system for the same purpose. This research aimed to
produce a working prototype built with minimal cost and complexity compared to

most of the existed system in the market.



1.4 RESEARCH OBJECTIVES

The problem is addressed by developing a dedicated system mechanism that uses the

received signals from the satellite. These objectives of this research are:

1.

To design a reliable automatic satellite tracker system for maritime vessel
application.

To develop an automatic satellite tracker for Measat 3B broadcasting.

To validate the signal output of the television channel’s frequency based on the

defined azimuth and elevation.

1.5 RESEARCH SCOPE

This research will only cover the experimental of prototyping design of positioning

controller of a satellite TV dish for maritime vessel by DC motors. By using the

azimuth and elevation angle read by the GPS, the antenna dish will move according to

the movement of DC motors. The system only covers the configuration and designing

of the positioning controller.

1.6 RESEARCH METHODOLOGY

The following activities have been carried out during the research period:

1. A thorough preliminary investigation has been done through a literature

review on the design of satellite tracking controller prototype from existing
systems and researches as well as potential tools and software. This step has
been done throughout the research until the final stage is successfully
achieved. The most suitable tools, software and equipment were determined.

The compatibility of DC motors controller design and its proper dimensions
were determined based on a three-axis positioning system technique. All
components of the satellite tracking system are assembled and integrated with

the defined program of the microcontroller.



3. An electronics controller was built to control DC motors movement to stop
satellite dish platform to the correct position of azimuth and elevation angle.

4. The development and validation of satellite tracking system controller were
performed after proper testing.
The whole project research and study are analyzed and reported for future
reference.

1.7 SIGNIFICANCE OF THE STUDY

This research aspires to assemble a low-cost prototype that can be comparable to
many existed products in the market. Users can operate this prototype easily as it
applies user-friendly components that enable them to watch television channel on-the-
go.

1.8 LIMITATIONS OF THE STUDY

This research will only cover the tracking of MEASAT-3b signal only. The on-field
test for this research’ output will be operated a portable platform. This platform is the
indication of a maritime vessel as the test is aimed to be installed on a mobile
maritime vessel. In order for the satellite tracker to work, azimuth and elevation angle
inputs are calculated based on the latitude and longitude of the specific location. Thus,
it will not consider the alteration of the polarization of the satellite dish. The
production of this system prototype will be done through the process of the designing
and development of a satellite tracker prototype that use DC motors to operate the
whole system. There are also other electronics geared motors such as hydraulic,
stepper and other servo motors that can be applied into the operation of this system.
However, due to the load of the receiver antenna, DC motor is the most suitable motor

that can sustain the load.



1.9 CONCLUSION

This chapter has presented and discussed the background of the study. It
explained the overview and the motivations that triggered the research. The study area
of this research also was discussed. Other than that, the statement of the problem was
discussed as this study is to design a compatible controller for satellite tracking
system. This controller system has to be able to move a satellite television dish
automatically according to the detected angle of both azimuth and elevation. It will
follow the current location reading. The realization of this system is fulfilled by the
operation of DC motors and its driver to point the satellite dish as per required. Every
working step of this design and development can be achieved by following the
research objectives and research scope. The research methodology followed which
highlighting the activities taken to fulfil the aims of this research. Finally, the

outcomes of this dissertation were presented.
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