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Abstract 

Access to the received electromag-

netic waves requires antennas that 

correct themselves towards the re-

ceiver faster, using this software in 

connection with the Arduino micro-

processor, a servo motor, a stepper 

motor, a satellite tracking device, the 

goal This article examines the rela-

tionship between the use of SatPC32 

software and the Arduino micropro-

cessor to create a compact satellite 

tracker and many applications that 

may benefit from this device. Satel-

lite tracking This paper explores us-

ing SatPC32 software along with a 

servo motor and a stepper to create a 

rotary antenna that goes into orbit. 

The result of this paper is a fake an-

tenna for satellite guidance that can 

Useful in extreme measures. Take 

care of your power supply and 

download satellite circuit patterns, 

laptops can be used remotely to 

transmit radio or internet connec-

tions that use overhead satellites. In 

even less extreme cases, this device 

can also be used for a better picture 

for satellite TV or clearer reception 

for satellite music. 

Keywords: SatPC32, azimuth, ama-

teur radio, Arduino microprocessor  

Introduction 

discovery of radio waves in 1888, radio commu-

nication technology had a huge increase in inter-

est and research. Amateur radio, or ham radio, be-

came a popular pastime beginning in the early 

1900s and led to technical advances towards the 

late 1900s [1]. Namely, researcher and scientist 

Erich Eichmann, or DK1TB, developed a satellite 

tracking software that utilizes radio technology ti-

tled SatPC32. This software essentially allows for 

 
1 Reza Ali pour, telecommunication systems specialist, Islamic Re-
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fast and precise tracking of satellite systems using 

perturbation models and can interface with rotors 

for satellite tracking. This paper will explore us-

ing the SatPC32 software in conjunction with a 

servo and stepper motor to create a rotating an-

tenna that orients towards orbiting satellites. 

subject 

This paper examines the relationship between us-

ing SatPC32 software and an Arduino micropro-

cessor to create a compact satellite tracker and the 

many applications that may benefit from this de-

vice This software essentially allows for fast and 

precise tracking of satellite systems using pertur-

bation models and can inter face with rotors for 

satellite tracking. This paper will explore using 

the SatPC32 software in conjunction with a servo 

and stepper motor to create a rotating antenna that 

orients towards orbiting satellites. [2] 

In the following 

This paper will be as follows: Abbreviations, Hard-

ware overview, Software overview, Satellite 

tracker concept, materials and methods, satellites, 

Set up, SDX server, Plan, conclusion and discus-

sion, Proposal, References. 

Abbreviations 

SGP4: Standard General Perturbations Version 4 

SDP4: Simplified Deep-space Perturbations Ver-

sion 4 

Figure 1. Picture of Arduino Board 

LEO: Low Earth Orbit 

TLE: Two-line element set. 

DDE: Dynamic Data Exchange 

CAT: Computer Aided Transceiver 

Definitions 

A. Hardware overview 

B. Arduino Microprocessor: A microcontroller 

board that can control electronic devices, receive 

programmed input from various sensors, and 
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communicate with other devices. For this partic-

ular project, the Arduino board is used to control 

the stepper and servo motor while receiving com-

munication inputs from the laptop. Stepper Motor 

& ULN2003Motor Driver (Azimuth Axis): A 

stepper motor is a type of motor that can rotate in 

precise steps. This is especially useful for obtain-

ing the correct orientation as opposed to an inex-

act DC motor. The stepper motor is used for ro-

tating along the azimuth axis, or across the Figure 

2. 1. Stepper of Figure horizon, he ULN 2003 mo-

tor driver is a chip that provides power and con-

trol signals to the stepper motor, allowing it to 

move in a specific direction and angle. The motor 

driver provides a higher current gain than a single 

transistor could; it also allows a microcontroller’s 

low voltage low current output to drive a high cur-

rent stepper moto. [2] 

Figure 2. Image of stepper motor and motor driver 

uln2003 

Servo Motor (Elevation Axis): A servo motor is a 

type of motor that can rotate to a precise angle and 

hold that position, making it useful for controlling 

the elevation axis of this device. It can be pivoted 

in angles ranging from0degrees to 180 degrees. 

[2]. 

Figure 3. Picture of Servo Motor. 

Power Supply Module: A device that provides 

electrical power to other components or devices. 

For this project, it receives an AC input from a 

power adaptor and converts it in toa stable DC 

output voltage. On this specific power supply 

module, it allows for two customizable output 

voltages: 5V or3.3 V. The servo motor requires a 

3.3V input while the stepper motor and driver re-

quires a 5V input, so this module is useful in mit-

igating the difference. [2] 

 

Figure 4. Power Supply Module 

Breadboard: A board with a grid of conductive 

holes used for prototyping and testing electronic 

circuits. This board is used so that components 

can be connected and disconnected without the 

need for soldering. 

Figure5. Breadboard 

16x2 LCD: A liquid crystal display with 2 rows 

of 16characters each, used for displaying text or 

simple graphics. For this project, the LCD will be 

displaying the current orbital location of the sat-

ellite as well as the azimuth and elevationaxes. [2] 

 

Figure 6. 16x2 Liquid Crystal Display used. 
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3D Printed Design: A three-dimensional designed 

piece was used to mount the servo on top of the 

stepper motor. [2] 

 

 

 

 

Figure 7. Fusion360 software used to create 3D objects 

B. Software Overview 

SatPC32 [2] SatPC32 is a software program de-

signed for communication with amateur radio sat-

ellites. It provides tracking information and real-

time visualization of the satellite’s position, as 

well as automated doppler frequency correction 

and antenna steering. Yaesu GS-232A Emulation 

[3]: This emulation method is the setting estab-

lished on the SatPC32 software for communica-

tion with our Arduino board. This protocol tran-

scribes commands for rotor controllers that are 

used to adjust the direction of an antenna. By em-

ulating that we have ayaesu GS-232A (a rotor 

controller) we can receive commands from 

SatPC32 and interpret them for a stepper and 

servo motor rather than an actual rotor. 

Figure 8. SatPC32 Software Interface. 

rduinoIde, The Arduino Integrated Development 

Environment (IDE) is software used to seam-

lessly communicate with the Arduino environ-

ment. This application includes a text editor for 

writing code, a compiler for converting code, and 

a firmware uploader for transferring code. This is 

the main application used for communication be-

tween the PC and the Arduino Microcontroller. 

Arduino Libraries [4] Since we are using a few 

electrical components for our circuit, we need the 

proper libraries to control them. More specifi-

cally, the  

Figure 9. Arduino IDE Interface 

 

Servo. h, Accel Stepper. h, and Liquid Crystal. h 

libraries should be installed. 

C. Satellite Tracker Concept 

As previously mentioned, this paper explores 

combining both satellite tracking software tech-

nology with a mechanical rotor to create a model 

antenna that orients itself to wards orbiting satel-

lites. 

The SatPC32 software allows for retrieval of sat-

ellite location using radio technology and can 

translate that data into rotor controls for a variety 

of antenna brands and inter faces. For this project, 

the Yaesu GS-232A rotor interface was chosen 

for the driver program; this driver formats the 

data into usable data exported out of a computer’s 

serial port. The reason the Yaesu GS-232 was 

chosen was because it exports data that is the most 

compatible for an Arduino microprocessor. This 

data can be utilized with a little bit of code ma-

nipulation for rotating our homemade antenna in 

place of an expensive Yaesu Antenna.[5]. 

Figure 10. Rendering of Stepper and Servo motors being used 

as Azimuth and Elevation axes respectively. 

As the data is retrieved and sent to the PC, the Ar-

duino sketch calculates the proper degree of turn 

for the servo as well as the correct number of steps 

for the stepper motor needed for proper orienta-

tion. The servo motor is aligned with the elevation 

axis to provide 180 degrees off reedom and the 

stepper motor is aligned with the azimuth axis to 

provide 360 degrees of freedom. The azimuth 

axis operates along the horizon and the elevation 

axis operates perpendicular to the horizon as seen 

below [5]. 

D. Orbital Perturbation Models 

Together, the servo and stepper motors allow for 

a complete range of freedom when pointing to-

wards the passing satellite. By pointing towards 

the projected satellite’s orbit, the antenna can be 

used for a more precise data collection point com-

pared to the PC radio receiver, or Computer 

Aided Transceiver. The availability to a satellite 

during orbit can be mitigated by updating the an-

tenna orientation to prevent a doppler shift. A 
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doppler shift is a change in a radio wave fre-

quency in relation to a wave source moving rela-

tive to an observer, essentially a satellite moving 

away from an antenna [6]. As the satellite orbits, 

a satellite tracker device can help mitigate the 

doppler shift through orienting itself to receive a 

proper radio frequency. 

The satellite’s location can be predicted by using 

a mathematical concept called simplified pertur-

bation models. Perturbations, in astronomy, is a 

deviation in the motion of a celestial object 

caused either by the gravitational force of a pass-

ing object or by a collision with it [7]. For exam-

ple, a satellite’s orbit around earth is not a direct 

orbit as there are interferences from the Earth’s 

gravitational field, the effects of the Sun and 

Moon, and the atmospheric drag. By using highly 

computational and derived formulas, scientists 

have come up with perturbation models that can 

predict a satellite’s orbit around Earth that ac-

counts for these interferences. 

These models calculate the orbital vectors of sat-

ellites relative to the Earth-centered coordinate 

system and deliver them in two-line element sets. 

Beginning in the 1900s, the seperturbation mod-

els have allowed space agencies and governments 

to accurately track satellites and even discover 

new planets due to deviations of orbits. 

There are two types of perturbation models used 

for satellites that depend on the orbital period of 

a satellite, or the time it takes to orbit the earth [8]. 

The orbital period increases with altitude due to a 

decrease in gravity, as well as the increased cir-

cumference of travel. Simplified General Pertur-

bations (SGP) models are used for objects with an 

orbital period of less than 225 minutes, while 

Simplified Deep Space Perturbations (SDP) mod-

els are used for objects with an orbital period 

greater than 225 minutes. The SGP4 and 

SDP4models are used to calculate the satellite po-

sition regardless of the dead spots that we encoun-

ter as aforementioned. SatPC32utilizes radiotech-

nology to communicate with these satellites while 

simultaneously utilizing SGP4 and SDP4 pertur-

bation models to calculate the orbits of amateur 

radio satellites. SatPC32 accurately predicts the 

satellite’s position and movement in real-time 

which is the first component of commanding the 

satellite tracker [9]  

A. Wiring 

After acquiring all the material previously men-

tioned in the hardware section, it is now possible 

to assemble. You may be able to get away with 

powering the servo and stepper motor, however, 

since this is 

designed to stay on for long periods, I decided to 

add a power supply module to regulate the volt-

age more efficiently [10]. 

Figure 11. Wiring Diagram for the Arduino Satellite Tracker 

Project. 

1.Plug the power supply module onto a bread-

board. Adjust one power column to supply 5V 

and the other supply 3.3V. 

2.Connect the male pins from the Stepper motor 

to the female pins on the ULN2003 Motor Driver. 

3.Connect the ULN2003 Motor Driver pins to the 

Arduino board in the following combination 

a. ULN2003 pin IN1 to Arduino pin 13 

b. ULN2003 pin IN2 to Arduino pin 12 

c. ULN2003 pin IN3 to Arduino pin 11 

d. ULN2003 pin IN4 to Arduino pin 10 

4.Connect the 5V and GND from the ULN2003 

Motor Driver Pins to the 5V power column of the 

breadboard. The stepper motor is now wired. 

5.Connect the Servo motor 3.3V and GND to the 

3.3Vcolumn of the breadboard 

6.Connect the Servo signal pin to pin ~9 (PWM) 

on the Arduino Board. The servo motor is now 

wired 

7.Connect the LCD display pins to the Arduino 

board and breadboard in the following combina-

tions. All six Arduino pins must be digital output. 

a. LCD pin 1 (VSS) to GND on power column. 

b. LCD pin 2 (VDD) to 5V on power column. 

c. LCD pin 3 (V0) to potentiometer’s middle sig-

nal pin, and the potentiometer’s outer 

pins to GND and 5V respectively. 

I. The potentiometer is used for controlling the 

backlit of the LCD. 

d. LCD pin 4 (RS) to Arduino pin 8 

e. LCD pin 5 (RW) to GND on power column 
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f. LCD pin 6 (E) to Arduino pin 7 

g. LCD pins 11 to 14 (DB4-DB7) to Ardu-

inopins3-6 

h. h. LCD pin 15 (A) to 5V on power column. 

I. LCD pin 16 (K) to GND on power column. 

8. Connect the 5V and GND from the LCD dis-

play to the 5V power column of the breadboard. 

The wiring for the servo, stepper, LCD display, 

and potentiometer are now all complete.[10] 

B. Assembly 

When initializing the rotor, it must be orientated 

North when starting the azimuth rotations. For 

this reason, a small compass was attached to the 

project to help reference North. Asmall plastic 

container was used to house the parts and protect 

the connections from outside interference. For the 

rotor mechanism, I designed, and 3-D printed a 

mount for the Servomotor to attach to the stepper 

motor’s spindle.  

C. SatPC32 Configuration 

Download and install Sat PC32 using the setup, 

exe provided from the2For our setup, Knoxville, 

TN was used as the observer location with longi-

tude of -83.9207(West) and a latitude of +35.9606 

(North). These coordinates use the station grid 

EM85AX. Make the following changes to the 

sections along the top of the program window.  

Satellites: 

Select the source file Nasa. All. Press “Update-

Keps” at the lower bottom of the screen and select 

the appropriate nasa. all file to update with 

Celestrak data. 

✓ Select the desired satellites (192 available) and 

SatPC32 stores them in Letters A-X. 

✓ There are also files that can be used in place of 

NASA. All that can track other LEO objects such 

as cable and internet satellites or various Cube 

SATs. 

✓  

Setup: 

Observer: Calculate the proper altitude of your lo-

cation. For Knoxville, TN it is 150 

m. Other Values should be automatically included 

when prompted for coordinates at 

start up. 

Rotor Setup: Select Yaesu GS-232 rotor inter-

face/controller. Make the following 

 
2 https://www.dk1tb.de/indexeng.htm. 

changes and press store then O 

▪ LPT = 3 (COM3), Delay = 30,Turning point = 

N, Min. Elevation= -3. 

▪ Update: at sat. pos. change, Max Elevation = 90 

deg., Pos Change =5 deg. 

▪ Check the box gain related 

Radio Setup: Make sure the radio is not using the 

COM3 port we will be using for serial output. Put 

COM port 0 and press store. 

Server SDX: 

✓ When an Arduino board is connected, Server 

SDX will launch since a COM port is 

detected. Press Setup, and select COM Port#3, 

and a Baud rate of 9600. Make sure that 

Az./El is selected. Click Store and exit. 

Once finished with the above changes, close and 

reopenSatPC32 to initiate the changes. The new 

Kepler data as well as COM port configurations 

should have SatPC32 ready to interact with the 

Arduino. 

D. Sketch 

Initialization: Include Servo, Accel Stepper, Liq-

uid Crystal libraries. Initialize servo, stepper, and 

LCD objects with the correct Arduino pin num-

bers. Initialize global variables to be used in later 

functions.  

Setup Function: attach the servo to pin 9, initialize 

stepper parameters, and begin the Serial port. 

Also run the functions set_ azimuth and set _ele-

vation to 0 to reset to initial positions. Before the 

stepper is engaged, ensure that the servois posi-

tioned towards North. [10]. 

Loop Function: Check if there is serial data avail-

able, if so, read it. If there is not any serial data 

available and it has been more than 10 seconds 

since that last input of data, reset the rotor and 

print that no satellite is above the horizon for 

tracking. The Yaesu-GS232 interface does not 

send any data unless a satellite has positive eleva-

tion (above the horizon). 

Read data Function: this manipulates the input 

data from SatPC32 which is exported as 

“Waaaeee” We extract the “aaa” and “eee” into 

buffer strings that can then be turned in to integers 

for later use. Run the set _azimuth and set _azi-

muth functions using the new integer values. [10]. 

Set _azimuth Function: use the map () function to 

convert the decoded positioning information from 
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a range of degrees (0-360) to a range of steps (0-

2048). Update the azimuth position on the lcd 

screen. 

Set, elevation Function: Use the decoded integer 

and write it to the servo motor. The servo should 

initially be horizontal when at 0 degrees. Update 

the elevation position on the lcd screen. 

Figure 12. The finished project in a plastic container. 

SatPC32 calculates the orbital path of satellites 

and connects with many radio communications 

interfaces to allow rotor control for antennas. In 

our case, our homemade antenna utilized a servo 

for elevation and a stepper for azimuth orientation 

towards passing satellites. Orienting myself to-

wards true north and utilizing the global map on 

SatPC32the elevation and azimuth commands 

seemed to be accuratewhen compared to various 

satellite positions. The LCD screen displayed the 

current azimuth and elevation commands 

indegrees as well as the current satellite it is track-

ing. 

Although this is a very small-scale prototype, it 

would be interesting to pursue this project further 

into a large-scale antenna with radio communica-

tions and various improvements. Our prototype 

does not communicate to a satellite for direct 

communication but rather utilizes its location for 

tracking through SatPC32 and perturbation mod-

els. With a functioning antenna attached, we can 

then. 

introduce radio communications to our device 

with an accurate, auto-adjusting reception. In ad-

dition to this, due to the simplicity of the circuit, 

the power supply module could very easily be ad-

justed to run off a battery pack that can be seated 

within the plastic container for mobile use. Since-

SatPC32 runs off downloaded Kepler data, a 

computer could theoretically use this antenna pro-

ject to connect to a robust internet satellite when 

overhead [10]. 

The reason I pursued this project was to under-

stand the relationship between satellites and their 

antenna counterparts. Through this endeavor I 

discovered their complex communication 

systems as well as the history within amateur ra-

dio, With the use of SatPC32, this rotor device 

can utilize satellites to their full potential when 

within our range of elevation. [10]. 

Satellites have a variety of purposes such as earth 

observation, communication, and navigation. Re-

laying potential weather hazards or patterns help 

humans prepare for the worst. The National 

Ocean and Atmospheric Administration operates 

a total of 17 satellites all of which provide crucial 

weather information that can help mitigate hurri-

canes, understand peak climate conditions for 

farmers, or even help navigate airliners around 

foggy conditions [10]. In addition to weather in-

formation, satellites can also provide key commu-

nications nodes for telephones, television, inter-

net, radio broadcasting, amateur radio, and mili-

tary personnel [11]. 

Satellites are important components within our 

daily lives, and they are credited with supporting 

many key aspects of any nation’s infrastructure. 

A plethora of companies utilize satellites to pro-

vide services to society. To name a few in the 

U.S., Sirius XM provides satellite radio services 

for vehicle applications, DirecTV and Dish pro-

vide satellite television streaming services, and 

even SpaceX provides internet services through a 

total of 3,000 satellites in LEO [12], This is why 

this project is an important piece of technology 

that is beneficial to not only amateur radio enthu-

siasts, but to the proper functioning of society. 

Conclusion and discussion 

By using the SGP4 models and the SatPC32 soft-

ware to direct the dummy antenna towards the 

satellite, we can improve the reception to get the 

radio electromagnetic waves. TheseThe waves 

transmit valuable data that can be used for the 

purposes mentioned above. There are a wide va-

riety of applications that satellites can be used for 

and proper connectivity through satellite tracking 

is critical in facilitating these efforts. be useful. 

By maintaining its own power source and down-

loading satellite orbit patterns, the laptop can be 

used remotely for radio transmission or Internet 

connections that use overhead satellites. Even in 

less extreme cases, this device can also be used 

for a better picture for satellite TV or a clearer re-

ception for satellite music. Regardless, the appli-

cations are unlimited and eventually I hope to turn 

this project into a radio. became a bigger applica-

tion, in the end, I declare that my findings are the 

same as the findings of the researchers and there 

is no difference. 
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Proposa 

Promotion of this project by universities and edu-

cational and research centers of countries inter-

ested in satellite communication technology. 
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