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Introduction

1.1

1.2

Background

AggieSat Laboratory (AGSL) is a student-run space program that trains students
in systems engineering through hands-on experience in designing, building,
testing, and operating space (and space-related) systems. AGSL projects capture
the entire systems engineering process, allowing students to gain experience from
proposal drafting to end-of-life operations.

The REGS team was privileged to work in AggieSat Laboratory due to Dr. Helen
Reed’s invaluable experience and contributions to the program as Principal
Investigator. AGSL was administered by the Program Manager, Alexander P.
Dufty, M.S., and the REGS project is managed by the Project Manager, Shirish
Pandam, with the assistance of the Chief Engineer, Thomas Golladay. We also
enjoyed working with the company VSMsq Structural Engineers and Professional
Engineer Stephan Voss. They helped us complete load calculations, suggested and
helped implement structural updates at the site, and signed off on the finalized
version of this building plan to confirm the tower and attached componentry are
up to code. A document containing the contact information of all parties is
attached.

The REGS project gives AGSL members hands-on experience in radio frequency
(RF) engineering and amateur radio. The REGS team developed systems to
automatically receive and decode transmissions from satellites, airplanes, airports,
and amateur radio operators (“hams”). These signal sources are open to the public
for listening, a popular activity amongst radio enthusiasts. We upload the satellite
images and air traffic control communications we collect online. We hope to
generate interest in and build knowledge of RF topics by having our students
design, build, and test RF systems.

Budget

We were awarded $15,904 on Wednesday, March 30, 2022. Our proposed budget
and current budget are attached. The current budget includes purchased and
planned purchases for the REGS project.
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Team organization

REGS consists of three subteams: Tower And Aviation (TAA), Geostationary
Operational Environmental Satellite (GOES), and Satellite Network Open Ground
Station (SatNOGS). Each subteam is responsible for one or more independent
ground station systems.

The first objective of the TAA subteam is to restore and update the AGSL-owned
30-foot tower already at the Texas A&M University System RELLIS campus so
that we may safely install antennas on it. The second objective of TAA is to install
a monopole antenna and associated Software Defined Radio (SDR) and computer
hardware to receive Automatic Dependent Surveillance-Broadcast (ADS-B)
transponder data from air traffic. These data will be uploaded to FlightAware,
ADSBExchange, and/or Flightradar24 tracking websites. Receiving and
uploading ADS-B data is legal and a common hobby in the United States. The
ADS-B system is intended to be receive-only and will never be used for RF
transmissions. The third objective of TAA is to install another monopole antenna
and associated hardware near Easterwood Airport to receive ATC transmissions
and upload them to liveatc.net. This objective has been completed and is
described in detail in a later section.

The SatNOGS subteam aims to establish systems that will participate in
SatNOGS. This organization allows users worldwide to remotely schedule use of
connected ground stations to record data from overhead satellites. The SatNOGS
subteam aims to install and connect a Quadrifilar Helix (QFH) antenna, two Yagi
antennas and associated SDR and computer hardware for use in the SatNOGS
network. The QFH and Yagi systems are intended to be receive-only and are not
currently planned to be used for RF transmissions.

The objective of the GOES subteam is to collect image transmissions from the
GOES-16 satellite and automatically upload them to the Internet. The GOES
system will consist of a parabolic dish antenna and associated SDR and computer
hardware. It is intended to be receive-only and will never be used for RF
transmissions.
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Timeline

TAA:

The Tower and Aviation (TAA) subteam undertook two initiatives to support local
aviation and radio frequency enthusiasts. The first initiative, LiveATC, enabled
the public to listen to radio voice transmissions between pilots and the control
tower at Easterwood Airport. This is achieved by assembling a system that
receives radio frequency signals and uploads their data to the Internet. The second
initiative, ADS-B, focused on collecting data from local aircraft, including their
identification, position, altitude, and velocity, and uploading those data to
Flightradar24. Despite being distinct systems, ATC and ADS-B were assigned to
the same subteam because they both relate to aviation and use monopole
antennas, so they require very similar testing, installation, and maintenance
procedures.

One of the primary challenges faced by the TAA subteam was identifying an
optimal mounting method for the antennas subject to stringent constraints. The
systems must withstand wind gusts of up to 120 mph for at least three seconds,
and the antenna mounts can not penetrate the roofs of the buildings where they are
installed. The search for suitable mounts for the monopole antennas was initially
unfruitful, as available options failed to meet one or both constraints. The team
eventually opted to use mounts designed for satellite dishes, which initially
seemed excessive but proved a practical solution that easily met the wind
requirement. Additionally, to enhance the quality of data for the LiveATC system,
the team decided to locate its installation closer to Easterwood Airport, thereby
achieving a better line of sight to the tower and incoming aircraft. The system was
installed in Spring 2023 and is currently up and running on the LiveATC website
at https://www.liveatc.net/search/?icao=kcll.

The TAA subteam also needed help determining the minimum signal-to-noise
ratio (SNR) necessary for the ADS-B system to function effectively. The original
plan involved recording a sample of the incoming ADS-B signal using an SDR,
then using MATLAB to decode the signal and artificially introducing noise to
ascertain the minimum SNR. However, challenges in creating and running the
program led to a more analog approach. In fall 2023, the team decided to
physically lower the signal strength by adding attenuation, continuing until the
system could no longer interpret the ADS-B data effectively. This hands-on
method enabled the team to quantify an SNR for their success criteria, marking a
significant step forward in the project's progression. System tests have been
successfully concluded, and the only remaining step is installing the ADS-B
system at the RELLIS campus.


https://www.liveatc.net/search/?icao=kcll

SatNOGS:

In spring 2022, we initiated the brainstorming phase for the SatNOGS subteam,
focusing on developing essential knowledge in RF and antenna design. This phase
familiarized us with various equipment and software for capturing satellite passes
and decoding data. We visited the RELLIS campus to assess our 30-ft tower and
plan modifications. Key accomplishments during this period included repairing
the tower's anchor points, replacing a faulty guy wire, and dismantling the
outdated Yagi antenna system. By the summer, we had finalized our part of the
build plan, marking a significant milestone in the project's development.

Fall 2022 marked the completion of our design for the Quadrifilar Helix (QFH)
system and the beginning of documentation, including the concept of operations,
interface control, testing protocols, and assembly instructions. We also refined the
breakdown for the Yagi antenna systems, dividing them into Upper Yagi, Lower
Yagi, and Motor Interface Controller Computer (MICC) subsystems. Most of the
semester was dedicated to creating system requirements, particularly grappling
with Standing Wave Ratio (SWR) requirements and developing unit-level
requirements. Procuring components for the QFH system was completed, and we
acknowledged the need for a more stringent schedule moving forward. Spring
2023 was a period of rigorous testing, mainly focusing on the Yagi antennas and
frequency band tests, alongside the commencement of construction for the QFH
system, which involved meticulous processes like cutting and shaping copper
tubes and soldering.

In the summer of 2023, the project build plan was validated by PE Stephen Voss,
ensuring the technical robustness of our construction at the RELLIS site. By
October 2023, the QFH fabrication and assembly were completed, a significant
achievement. Additionally, we configured two Raspberry Pis with the SatNOGS
software, integrating them into our ground station network. However, challenges
emerged with the Yagi motor control subsystem's compatibility with the
SatNOGS client, prompting us to seek assistance from the SatNOGS organization
and community. In the final quarter of 2023, we successively attached the upper
Yagi to motors and completed a satellite pass data collection, marking a pivotal
moment in the project's progress.

In the spring of 2024, the QFH completed system-level testing and was ready for

installation at the RELLIS telecommunication building. The QFH was installed in
April 2024. We are waiting for a secured Power-over-Ethernet (PoE) switch to be

installed in the Telecommunication building to connect the QFH to the SatNOGS

network.



GOES:

In spring 2022, the project's initial phase involved selecting the RELLIS campus
as the GOES system's location, designing an antenna mounting method for the
original parabolic dish and acquiring the necessary funding. The GOES subteam
selected the Nooelec GOES Weather Satellite RTL-SDR Bundle for its inclusive
antenna mount Software Defined Radio (SDR) and a Raspberry Pi 4 as the system
computer. We also commenced the development of the project Requirement
Verification Matrix (RVM) and formulated a detailed build plan covering the
system's location, design, and build logistics.

Fall 2022 saw the completion of the REGS RVM development and the initiation
of a comprehensive documentation process for GOES system validation, testing,
assembly, and maintenance. The subteam also began consulting with the PE to
finalize construction details for the GOES installation at RELLIS.

In spring 2023, this documentation was completed, and the subteam successfully
validated and tested the GOES system components, including the Raspberry Pi 4,
parabolic dish antenna, Vector Network Analyzer (VNA), Low Noise Amplifier
(LNA), and SDR. Discussions continued with the PE and RELLIS administration
for construction details and cost projections.

By fall 2023, the subteam had finalized the documentation format and
re-validated and tested the GOES system with new, identical equipment.
However, the planned installation at RELLIS was deemed infeasible due to the
costs of contracting a third party for digging. This led to discussions with the
Texas A&M Department of Atmospheric Sciences about possibly installing the
GOES system on the Eller O&M Building.

In the spring of 2024, we installed an ethernet port through the Texas A&M IT
department at the O&M building. This allowed us to supply power and internet to
the Raspberry Pi outside on the roof of the O&M building over
Power-Over-Ethernet. After the power and internet were solved, the installation
began. At first, the dish would be put on a pole that had been previously used;
however, after testing, the dish received interference from an unknown source.
The team devised an idea to place it directly on the roof. After testing, we have
concluded that the system is 100% operational. The data is not being uploaded to
Google Drive. Because the pointing of the dish has to be exact, maintenance has
to be done every month to repoint the dish.
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2.1

Challenges Faced

Tower and Aviation

The TAA subteam undertook two initiatives to support local aviation and radio
frequency enthusiasts. The first initiative, ATC, enabled the public to listen to
radio voice transmissions between pilots and the control tower at Easterwood
Airport. This is achieved by assembling a system that receives radio frequency
signals and uploads their data to the Internet through the LiveATC platform. The
second initiative, ADS-B, focused on collecting data from local aircraft, including
their identification, position, altitude, and velocity, and uploading those data to
Flightradar24. Despite being distinct systems, ATC and ADS-B were assigned to
the same subteam because they both relate to aviation and use monopole
antennas, so they require very similar testing, installation, and maintenance
procedures.

One of the primary challenges faced by the TAA subteam was identifying an
optimal mounting method for the antennas subject to stringent constraints. The
systems must withstand wind gusts of up to 120 mph for at least three seconds,
and the antenna mounts can not penetrate the roofs of the buildings where they are
installed. The search for suitable mounts for the monopole antennas was initially
unfruitful, as available options failed to meet one or both constraints. The team
eventually opted to use mounts designed for satellite dishes, which initially
seemed excessive but proved a practical solution that easily met the wind
requirement. Additionally, to enhance the quality of data for the LiveATC system,
the team decided to locate its installation closer to Easterwood Airport, thereby
achieving a better line of sight to the tower and incoming aircraft. The system was
installed in the summer of 2023 and is currently up and running on the LiveATC.

The TAA subteam also needed help determining the minimum signal-to-noise
ratio (SNR) necessary for the ADS-B system to function effectively. The original
plan involved recording a sample of the incoming ADS-B signal using an SDR,
then using MATLAB to decode the signal and artificially introducing noise to
ascertain the minimum SNR. However, challenges in creating and running the
program led to a more analog approach. In fall 2023, the team decided to
physically lower the signal strength by adding attenuation, continuing until the
system could no longer interpret the ADS-B data effectively. This hands-on
method enabled the team to quantify an SNR for their success criteria, marking a
significant step forward in the project's progression.
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After all tests were concluded, the ADS-B system was ready for installation on
the roof of the telecommunications building on the RELLIS campus (Building
7439).

Installation was delayed by several months due to a RELLIS-imposed
requirement that the antenna needed to be installed by contractors. After a quote
and date were set, installation proceeded in late April without a hitch.

SatNOGS

The SatNOGS subteam undertook two initiatives to support amateur radio
enthusiasts. The first initiative was to design, construct, and operate a QFH
antenna tuned to 137-138MHz and connect it to the SatNOGS network. The
second initiative was to renovate the two existing Yagi antennas tuned to 430-438
MHz on the tower and connect them to the SatNOGS network. Both systems are
to be used by members of the SatNOGS organization around the globe to track,
receive, and upload transmissions from amateur radio and weather satellites. The
Yagi and QFH systems were assigned to the SatNOGS subteam because both
systems necessitated using the SatNOGS network.

One of the primary challenges the SatNOGS subteam faced was the installation of
the Yagi antennas on the tower. RELLIS administration had placed a design
requirement that any system installed at RELLIS must survive a 120 mph wind
load for 3 seconds. In addition, RELLIS administrators required the services of a
Professional Engineer to ensure that the preexisting tower and added installations
could withstand the aforementioned wind load without risking damage to the
nearby building. The SatNOGS team met with a local Professional Engineer who
assisted with the project for a few months. Unfortunately, communication
disintegrated, and the SatNOGS team needed to find another Professional
Engineer to continue the work.

Another challenge the SatNOGS team faced was the renovation of the preexisting
Yagi antennas. The tower had 3 Yagi antennas with different weights, lengths, and
frequencies. To satisfy the wind load requirement, the team needed to reduce the
apparent surface area of the Yagi system. To accomplish this, the team looked at
all 3 Yagis and determined which antennas needed to be modified or removed
entirely. Ultimately, the team removed one antenna due to a bend in the elements,
and one antenna was shortened to equalize the tower's weight. These changes



2.3

satisfied the wind load requirement and were signed off by a Professional
Engineer.

GOES

The GOES team's mission is to downlink and decode the satellite GOES-16. The
products generated are full disk images and weather data from Earth's satellite and
ground stations. The GOES team had to design, construct, and operate a 1.694
GHz dish antenna system. The major hurdle was to figure out where to install the
dish, which required an unobstructed view of the sky. The first thought was to
install the system at the RELLIS campus, near the 30-foot tower we already had.
The team planned to dig a hole and concrete a metal pole. The dish would be
attached to that metal pole, and the electronics would sit inside the building. After
we talked to the RELLIS administrator about the digging, they had many
concerns about the unmapped cables and water pipes in the area we wanted to
use. With this, the admin wanted to hand-dig everything with a 3rd party, which
would have cost more than our budget. The team had to come up with a new plan.
They reached out to the Department of Atmospheric Sciences at Texas A&M to
see if they would allow us to install our system on the roof of their building. They
were ecstatic about the idea and let the team install their system at no cost. The
only cost associated with the installation was paying the Texas A&M IT
department to install an ethernet port.
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Conclusion

The main goal of the REGS project and its various parts was to allow anyone with
internet access access to the data we received. Various websites, such as
FlightAware and SatNOGS, aggregate data from specific sources scattered
worldwide via amateur ground stations. We planned on using our ground station
to fill gaps in coverage that these websites have and upload the data to our own
website for other students or visitors to enjoy.

Another goal for this project was to teach lab members about RF fundamentals
and amateur radio. Every project that AggieSat Lab has undertaken has required
antennas, receivers, and ground stations, but there has always been a distinct lack
of basic knowledge of these systems. REGS aimed to train current and future lab
members in these topics and foster an enthusiasm for the amateur radio hobby.

We believe that we were mostly successful in accomplishing both goals of the
REGS project. Of the five planned systems (GOES, ATC, ADS-B, Yagi, and
QFH), 3 (GOES, ATC, and ADS-B) were successfully installed and are currently
in operation. The Yagi and QFH systems are ready to be installed, but we are
waiting on a third-party vendor to complete the installation of a secured Power
over Ethernet (PoE) switch to connect the systems. Once the installation is
complete, you can find our ground stations for the QFH and Yagis. All data
collected through the ground stations will be available on the SatNOGS network.

The GOES system has been operating since March 2024; pictures can be found
here. The ATC system has been in operation since July 2023; the data can be
found here. The ADS-B system has been in operation since September 2022, and
the data can be found here. In an effort to increase the effectiveness of the ADS-B
system, we are planning to move the system to a higher location to increase the
range of the antenna.

Members of the REGS project have been instrumental in other projects in AGSL
and have also taken the skills they learned into the workforce. While RF is
difficult to master, many AGSL members have gained an intermediate
understanding of RF fundamentals.

Many AGSL members became very interested in the work that REGS members
were completing. Nearly a dozen members got their Technician license and
multiple others upgraded it to General and Amateur Extra. The skills the REGS


https://network.satnogs.org/stations/3289/
https://network.satnogs.org/stations/3293/
https://tinyurl.com/GOESPictures
https://www.liveatc.net/search/?icao=kcll
https://www.flightaware.com/adsb/stats/user/aggiesat

members learned during the project transferred to other projects being done in
AGSL and proved extremely useful for the many radio frequency payloads and
subsystems being engineered. For example, most REGS members were also a part
of a competition designing and building an autonomous beacon-finding rover.
REGS members were critical in developing and integrating the beacon-finding
technology into their respective systems.

In addition, REGS affected multiple groups outside of AGSL. The REGS team
coordinated with 2 professors from the TAMU Atmospheric Sciences department,
who specialize in the intersection between radio frequency and weather, to
facilitate the installation of a GOES dish at the top of the Eller O&M Building.
When we first contacted the professors, they mentioned that they were already
planning on putting up a similar system with their students. Since the REGS team
already had the GOES system ready to run, the team could easily install the
GOES system at the Eller O&M Building. The data generated by the GOES
system was then used as training and classroom material for students in the
Atmospheric Sciences department. In late Spring 2024, both professors contacted
the REGS team and set up a training session for their students who were traveling
to study abroad in Barbados.

We appreciate the opportunity our sponsors at the Amateur Radio Digital
Communications (ARDC) group gave us by funding the REGS project. The
REGS team learned a lot about RF engineering and ground station design and is
eager to use the experiences they had working on their systems to teach more lab
members about RF systems.
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