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Abstract-The growth in satellite communication technologies attracts a considerable amount of attention in digital broadcast 
communication system. The necessity to develop a GUI based “Intelligent satellite tracking for antenna control system for 
continuous satellite tracking in geo-stationary orbit. This paper presents a general description of the system, followed by 
descriptions of the network and discussion of system operations. 
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I. INTRODUCTION 
 
A satellite is an object that orbits or revolves around 
another object, they are highly specialized wireless 
receiver/transmitters that are launched by a rocket 
and placed in orbit around the earth. These satellites 
are to be tracked continuously to keep them in correct 
position in space. Hence the tracking system must be 
very very accurate. 
 

 
Fig.1. Today Parking slots of geo- satellites 

 
There are many of satellites currently in operational 
in space. A fig 1 show today’s parking slots of GSO. 
Indian Satellite Systems has developed a highly 
world class integrated satellite control centre for 
tracking and controlling Indian satellites in GS orbit. 
 

 
Fig 1.1 A typical satellite network configuration 

Satellite networks have many practical applications, 
including home networking, digital broadcast 
communication network, personal area networking, 
search-and-rescue, and military network operations. 
Fig 1.1 shows a typical satellite network 
configuration with different applications. 
 
II. EXISTING SYSTEM 

 
Tracking of satellites by ground system antennas 
provides the most vital information about satellite 
position and its orbit in space.  
In the existing system, the antenna system is driven 
manually by the operator for tracking the satellites. 
This requires continuous update of the antenna look 
angles to be entered by manually into the antenna 
control system and operator must be present 
continuously at the antenna system .This is the main 
drawback of the existing satellite tracking system. 
 
III. OBJECTIVE OF THE PROPOSED SYSTEM 

 
Satellites in the nominally geostationary orbit possess 
diurnal motion which causes the apparent position of 
the satellite to wander in the sky as seen by an earth 
station. The motion of the satellite therefore has to be 
tracked by the earth station antenna. The Intelligent 
satellite tracking system needs to perform numerous 
functions to accomplish for locating and maintaining 
contact with the satellite. 
The major functions provided by the tracking system 
are 

 Simultaneous positioning modes for all axes 
of movement. 

 Manual rate mode for maintenance 
operation. 

 Recording of important parameters like 
Azimuth angle, Elevation angle, Polarization 
angle, Signal level, Polarization angles and 
Antenna mode along with time stamp. 

 Faults monitoring for detailed problems and 
logging of the same with time stamp. 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-3, Issue-7, July-2015 

 Intelligent Satellite Tracking For Antenna Control System 
 

33 

An automatically pointing of antenna control system 
for satellite tracking in GSO  satellites helps to 
improve signal quality and also keep the system error 
free from human . The software based intelligent 
satellite tracking system, estimates the satellite 
antenna look angles and range of the satellite based 
on orbital elements at any instant for a given duration 
and locates the position of the geo orbiting satellites 
in orbit and where the antennas should be pointed in 
space automatically.  
 

 
Fig.2 A network of earth stations 

 
Most of the satellite earth stations are networked 
through the WAN, OFC or HUB. The proposed 
system can be used to generate the antenna look 
angles for any earth station and send it to them 
through network to antenna control system, located in 
earth station. Based on the predicted angle profile, the 
particular antenna system can be driven remotely and 
is as shown in Fig 2. 
 
IV. PROPOSED SYSTEM 

 
The satellite tracking system is very much essential in 
Master Control Facility during satellite launch for its 
initial operation as well as to maintain the satellite in 
its allotted orbital longitudinal slots. A need was felt 
to track the satellites in real time based program files. 
Keeping the above requirement, software should be 
developed to compute the antenna look angles 
instantaneously based on satellite orbital elements.  
The proposed system, involves both the software and 
hardware modules. The existing hardware module 
with slight modification and adding few more 
hardware elements can be used for developing the 
intelligent satellite tracking system and as shown in 
Fig 3. 
A software based Intelligent Satellite Tracking 
System helps in-  

 Pointing the position of satellite in space.  

 Pointing the antenna in the direction of 
satellite for commanding the satellite or 
receiving the signal from it. 
 

 
Fig.3 A typical proposed system 

 
V. METHODOLOGY 

 
In order to facilitate the easy operation of the 
software for users, the interface is designed to be 
graphical (GUI). Net beans is used as the 
programming tool in JAVA programming 
environments that not only provides the Graphical 
User Interface tools but also provides low level 
interfacing. The Main application module can be a 
GUI window with all the required functionalities 
organized in the form menus. 
 
VI. SYSTEM DESIGN 

 
The main requirements to design the software based 
system by using two line orbital elements of the 
satellite and generate look angles for antenna control 
system to track the satellite continuously in 
GSO/LEO orbit. 
The next requirement is to finding the location of the 
satellite in orbital plane. We have to find its location 
with respect to geo-centric plane co-ordinate system 
after obtaining its location with respect to orbital 
plane co-ordinate system. 
After careful study of the system requirements, the 
tracking algorithm was developed by using SPG4 
orbital propagation model available in open source to 
compute antenna look angles and range of any 
satellite using its orbital elements. This algorithm has 
been implemented using C++ programming and can 
be also implemented in any other higher level 
languages. 
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Fig.4 A typical flow chart 
 

VII. TRACKING ALGORITHMS-ORBITAL 
ELEMENTS 

 
The basis of satellite orbital propagation is Keplerian 
orbit elements. Earth orbiting artificial satellites are 
defined by six orbital elements referred to as the 
“Keplerian element set”. These orbit characteristics 
define the orbital orientation, shape, speed of orbit 
and the last known position of the satellite. 
These can be used to generate a rough estimation of a 
satellite’s position. The predictions generated by 
Keplerian orbit elements will fail to reflect reality for 
extended periods due to disturbances, known as 
perturbations in the orbit. 
The need for accurate orbital prediction propagation 
model is required to take care of these disturbances 
include atmospheric drag and lunar gravitational pull 
etc.Hence the dawn of the space age lead to the 
development of the Simplified General 
Perturbations model (SGP) in 1970. 
This model was later improved into Simplified 
General Perturbations Model 4 (SGP4) in 1980. 
This new model is thought to be as close as possible 
to currently used NORAD orbital models. 
The basic form of SGP4 propagation uses an input 
file known as a Two Line Elements (TLE).These two 
lines contain the Keplerian elements information 
pertaining to the satellite along with identification 

and time.This format was specified by NORAD and 
continues to be used today. 
By use of the following orbital coordinate systems, 
the tracking algorithms have been written and as 
shown in Fig 5. 
 

 The Orbital Plane 
 Geocentric-Equatorial Coordinate system 
 Sub-satellite-point and Location calculation 
 Antenna Look Angle Estimation 

 
The data is then used to generate other relevant 
output, including velocity, antenna angles, latitude, 
longitude, altitude, and so on 
. 
VIII.  PROGRAM DESIGN& 

IMPLEMENTATION 
 

C++ Core Propagation Modification 
The core C++ code provided a baseline for creating 
an SGP4 propagator. 
The other computer codes like FORTRAN, 
MATLAB, and Pascal to permit reasonable flexibility 
for applications. C++ language is becoming 
commonplace. Conversion to other languages should 
be aided by the re-structuring effort that has been 
performed on the code. 
This code presents most of the required algorithms to 
accomplish propagation; however it was meant to be 
an academic demonstration of the principle, not an 
operational program.  Several modifications were 
required to render the program fully usable. 
The code changes fall into two categories like feature 
addition and functionality modification. Feature 
addition to the program entailed adding functions and 
outputs not present in the original code. 
 
Feature addition: 
 

 The first addition was enabling variable time 
steps and allows the user to specify the time 
interval between adjacent data lines. 

 Another addition was the division of output 
formats into various types. 

 
Functionality modifications: 
The program also required functionality modification 
to make it applicable in our system.  
 

 These modifications included better 
algorithms and buffer usage. 

 The Pass List method used a recursive 
algorithm in order to increase execution 
speed. 

 Another modification was the use of 
buffers and files when outputting 
data.  

 The program writes all data for an entire 
data line to a buffer, and only then writes to 
a file. 
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This combination brought a major increase in writing 
efficiency, doubling execution speed. 
The final program after feature addition and 
functionality modifications provided data in the 
proper format and was easily integratable into the 
existing system 
This leads to SGP4orbit propagation model adheres 
to the design specifications sufficiently to be used in 
the operational system. 
 
IX. SOFTWARE DESIGN REQUIREMENTS 

 
Features of Software: 
This software generates antenna look angles file from 
Two Line Elements (TLE) based on SGP4 Orbit 
Propagation Model.  
SGP4 Orbit Propagation Model is adopted using the 
source code (free distribution and tested) available in 
the website and modified according system 
requirement before using. 
TLE file, Earth Station, Operating frequency, Start 
Epoch, End Epoch, Step size, Bias and 
trajectory/tracking file format can be chosen using the 
Graphical User Interface (GUI).It can display the 
spacecraft visibility, Sun/Moon outage and 
Azimuth/Elevation statistics also.It generates data file 
for State Vector, Keplerian Elements, Longitude-
Latitude, Topocentric Elements, Sun/Moon Angle .It 
can add antenna bias to the azimuth and elevation 
data, if requiredIt generates the required plots using 
GNUPLOT in .ps (linux) or .pdf (windows) format.It 
computes the Doppler Shift for the desired frequency, 
which is useful during GTO tracking.The azimuth 
and elevation data generated using TLE2ANGLES 
software is compared with GEO-FDIX output and the 
residues are found to be well within the antenna 
pointing accuracy. 
This software is developed using Java and can be 
used in Linux or Windows operating system without 
any change.  
The overall system is implemented as an Object 
Oriented programme. A main snap shot of GUI as 
shown in Fig 6.Graphical User Interface of 
TLE2ANGLES can be invoked by double clicking 
the TLE2ANGLES JAR file in windows operating 
system.  
 

 
Fig 6 Snap shot of GUI of Intelligent satellite tracking system 

X. RESULTS AND DISCUSSION 
 

This work on satellite data-processing, satellite earth 
station data and look angle generation has been 
implemented on PC platform with Linux operating 
system, using JAVA programming language.  
The sample screen shots of various dialogs/windows 
taken while the software was in action are shown in 
the following pages. A pull down menu is shown in 
the top of the window. 
The TLE input panel selection in main GUI as shown 
in Fig 7. Text Box Shows the contents of TLE file. 
Three lines of the TLE file can be copy pasted here. 
 

 
Fig 7.A Snap shot of TLE input selection window 

 
Operations Mode options consists of AFSPC and 
IMPROVED (default). 
Gravity Model options are wgs72old, wgs72 
(default) and wgs84. 
The options in operations mode and gravity model is 
used for the SGP4 executable and these options have 
no much impact on the look angles accuracy. 
Show Osculating Parameters Button: Converts 
TLE mean elements to Osculating Keplerian elements 
and state vector and displays it in the tabular form 
Osculating Parameters Panel as shown in Fig8. 
 

 
Fig 8.A Snap shot of osculating parameter window 

 
Show TLE Details Button:  
Displays the details of the TLE elements as it is with 
parameter and value in tabular form as a pop-up as 
shown in Fig 9. 
 

 
Fig 9.A Snap shot of TLE details selection window 
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Tracking File Inputs Panel selection in GUI as 
shown in Fig 10 
 

 
Fig 10 A Snap shot of tracking input file selection 

 
Input Mode: Options are Epoch and Minutes from 
Epoch. 
Epoch Mode: Start Epoch and Stop Epoch needs to 
be entered in yyyy mm dd HH MM ss format; by 
default nearest minute of osculating element epoch is 
set as Start Epoch and one day from Start Epoch is set 
as Stop Epoch.  
Minutes from Epoch: Start Minute from Epoch and 
Stop Minute from Epoch needs to be entered in 
minutes (decimal allowed); by default “0” is set as 
Start Minute from Epoch and “1440” as Stop Minute 
from Epoch. 
Step size (in minutes): Duration in minutes between 
each entry of trajectory file data (decimal allowed); 
by default “5” is set. 
Earth Station: Earth Station desired can be chosen; 
by default “HSN_ES3” is set; the earth station 
information is read from the file “station_coord.txt”; 
Addition/deletion of earth station can be made in this 
file with the preferred format. 
Format of station_coord.txt file  
Station name<space>longitude of earth station in 
degrees (positive for east and negative for 
west)<space>latitude of earth station in degrees 
(positive for north and negative for 
south)<space>Station Height in km. 
Freq (MHz): Particular frequency of the earth station 
antenna needs to be entered in MHz; used for 
Doppler frequency calculations. 
File Format: The file format of the trajectory file 
needs to be chosen; by default IRNSS format is set; 
the available file format options with allowed line 
number is shown in Fig 11. 
 

 
Fig 11 A Snap shot of file format selection 

 
Bias: This check box can be marked to include 
antenna bias values in the azimuth and elevation 

angles in the trajectory file; by default “0” is set for 
Azimuth and Elevation. 
Generate Files Button:Generates the trajectory file 
based on the TLE and inputs using SGP4 orbit 
propagation model provided TLE and inputs are 
valid.  
View Traj. File Button:Opens the first trajectory file 
generated in view panel with options available as 
shown in Fig12. 
  

 
Fig 12. A Snap shot of trajectory file selection 

 
View Files link can be used to view the respective 
files and View Plots link can be used to view the 
respective graphs generated using GNUPLOT  
 
The link Earth Station Details displays the earth 
station name, longitude, latitude and height in a 
tabular format as pop-up as shown in Fig13. 
 

Fig 13 A Snap shot of earth station detail selection 
 
Tracking Details & Status display:  
Text Area and status details are shown in Fig 14.  

 TLE data lines  
 Spacecraft Name  
 Epoch in yyyy mm dd HH MM ss format 
 SMA(Km): Semi Major Axis in kilometers 
 ECC: Eccentricity  
 INC(deg): inclination in degrees  
 RAN(deg):Right Ascension of Ascending 

Node in degrees  
 AOP(deg): Argument of Perigee in degrees  
 TA(deg): True Anomaly in degrees  
 MA(deg): Mean Anomaly in degrees  
 X(km): Distance in X-axis of ECI Frame in 

kilometers  
 Y(km): Distance in Y-axis of ECI Frame in 

kilometers  
 Z(km): Distance in Z-axis of ECI Frame in 

kilometers. 
 Xdot(km/s): Velocity in X-axis of ECI 

Frame in kilometers per second  
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 Ydot(km/s):Velocity in Y-axis of ECI Frame 
in kilometers per second  

 Zdot(km/s): Velocity in Z-axis of ECI Frame 
in kilometers per second  

 Visibility Report: Epoch at which satellite is 
VISIBLE/NOT VISIBLE status report  

 Sun Outage Report: Epoch at which SUN 
OUTAGE/NO SUN OUTAGE status report 

 Moon Outage Report: Epoch at which 
MOON OUTAGE/NO MOON OUTAGE 
status report.  

 Statistics: Statistical details of the look 
angles like Min Elevation (deg), Max 
Elevation (deg), Min Azimuth (deg), Max 
Azimuth (deg), Min Elevation Rate 
(deg/sec), Max Elevation Rate (deg/sec), 
Min Azimuth Rate (deg/sec) and Max 
Azimuth Rate (deg/sec) 

 
Status Display: Displays the progress/errors 
occurred in the program; will be helpful for 
troubleshooting. 

 

 
Fig 14 A Snap shot of tracking details and status display 

 
XI. SIMULATION 
The predicted Azimuth and Elevation angles through 
SPG4 model and observed Azimuth and Elevation 
angles generated by other propagator used are 
compared and given is sufficiently accurate and 
consistent values. 
 The TLE’s files were taken from the original 
SGP4verification tests, orbits found in random 
testing. The number of iterations did not substantially 
change the results. The initial state perturbation had 
the largest effect on the overall solution as expected. 
To test the overall performance of the method, we 
have to test against the full satellite catalog. The 
sample catalog contained 16235 objects are not yet 
ready. 
The really 'good' fit you normally get to a TLE-
generated ephemeris and is an indication of the DC 
process working. From most orbits we get very good 
TLE-TLE fit (less than a meter). 

The iterations and the difference between the original 
and converged TLE are verified with the apogee and 
perigee values and found okay. 
We were primarily interested in the accuracy of the 
solution, and a few additional iterations was not 
considered as detrimental. 
The iterations and the final difference from the 
original TLE is compared against the apogee and 
perigee altitudes. 
With this approach is that using a previous approach 
at limiting the corrections, that careful selection of 
the limiting features of the corrections, and of the 
semimajor axis, eccentricity, and mean motion is the 
key to solving most problems. 
 
XII. APPLICATIONS 
 

 Intelligent program tracking system is one 
such system which can be used by all 
institutions that need tracking of systems. 

 Its precision, flexibility and reliability make 
it more attractive when compared to other 
tracking systems. 

 The system can be applied to track 
geostationary satellites when we are sure 
about the accuracy of the orbital elements 
sent by the satellite.   

 The system can also be applied to track 
LEO/GPS satellites.  

 Intelligent tracking system is more essential 
during early phase of the satellite orbit 
where the ground station antenna can track 
the satellite continuously as per predicted 
look angles. 

 
XIII. FUTURE WORK 

 
Intelligent Program track system can be further 
enhanced by complex monopulse auto track systems. 
This being an automatic system, it will obtain orbital 
data by itself through the interfacing with TT&C 
units and some other modules. 
Intelligent program track system is of course the 
enhancement over Step Track system, but program 
tracking is very fast and accurate in position. The 
predicted look angles are propagated to any type of 
earth station through TCP/IP link, if all the earth 
stations are networked 
In ACU when the program track is activated the 
trajectory of the moving object (satellite) is obtained 
based on maximum signal strength received.  
 
CONCLUSIONS 

 
In this paper, we have discussed the intelligent 
tracking system based on two line elements to 
estimates the antenna look angles. Information 
gathered by the ITS has provided an accurate tracking 
of the satellite. It enables more actively involved in 
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the management and operation of the space segment 
resources. 
An orbit determination approach using the SGP4 
formulation of analytical propagation. 
The current code supports two types of observations –
ephemeris observations, and a TLE data, and also 
with most of the code inserted to process range, 
azimuth and elevation angles. 
The output of the program is shown to be accurate 
enough for use in the system and also shown to match 
the real world data. 
The SGP4 model incorporated in intelligent tracking 
system has many more features than the previous 
propagation models. By having all of these features in 
the same program, station automation becomes 
possible. 
The raw data provided by SGP4 in order to drive 
station systems such as the main antenna, converters, 
and so on. The code must also be consistently verified 
and so will ensure that the program remains up to 
date and will catch any errors. 
The Intelligent program tracking system, the antenna 
follows a path defined by a generated file which 
contains time stamped Azimuth, Elevation angle 
values, which has been computed by intelligent 
tracking software.  
The software module provides all necessary 
interfaces to any antenna. Therefore, the intelligent 
tracking system can be very flexible; adapted to any 
type of antenna as the motor controllers can be 
selected independently. 
The “Intelligent tracking system software” will be 
running on a Personal Computer (PC) designed for 
industrial standards incorporating GUI window for 
accurate antenna tracking with high reliability, 
flexibility and a user-friendly operator interface. 
The system is working satisfactorily as per the 
requirements at Master Control Facility, ISRO, 

Hassan. This system is ideally suited for all kind of 
satellite ground station antennas. 
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