Rust-Based Ground Station Software for High Altitude Ballooning
[bookmark: _Hlk112349598]Ayush Sahooa, Kalp Patelb, Samhita Saragadamc, Dr. Anthony Choi d, Dr. Hunmin Kime

Abstract
Over the past year, we have designed and implemented HARP Tracker, a Rust-based ground station software solution for high-altitude balloon missions. Originating as an alternative to HERMES, the University of Minnesota Twin Cities’ ground station software, HARP Tracker aims to deliver fast and reliable position updates through both Iridium and APRS protocols. The software is written in Rust—a low-level, memory-safe language—to minimize runtime crashes while maintaining great performance. HARP Tracker features an intuitive UI that allows for ease of use while also offering very in-depth controls. Currently, the control features for ground antennas are in active development, with further plans to incorporate balloon floating and in-software camera streaming.
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1. Introduction 
High altitude ballooning missions demand robust and real-time tracking and telemetry systems to ensure the safety, recovery, and integrity of the payloads attached. There have been previous attempts at such a system targeted towards NEBP teams, including BRAD, developed by Mathew Clutter, and HERMES [1], developed by Jesse Cook, as a replacement to BRAD. However, BRAD’s outdated UI along with HERMES’s unreliability leaves much to be desired for an ideal ground station software.
Named after Mercer’s High Altitude Research Platform (HARP) team, HARP Tracker seeks to solve this issue. HARP Tracker is a ground station GUI that began development in November 2024 by Mercer University students Ayush Sahoo and Samhita Saragadam. The software currently has an Alpha release and is working towards a full release. It tackles the problems of the previous solutions by featuring a simple and easy to use UI and is built upon a more-performant programming language. Unlike BRAD and HERMES, which are implemented in Python, a language known for ease of use but limited by slower runtime performance, HARP Tracker is built in Rust. Rust offers low-level control while still having a memory-safety guarantee. This both increases the runtime performance and reduces the likelihood of runtime crashes and enhances overall stability, which is an essential requirement for real-time tracking during balloon flights.



2. Features
As HARP Tracker seeks to be a replacement for HERMES, it inherits many of the design choices of the original HERMES. This includes the approach to having a main display element in the middle, surrounded by peripherals. The GUI screen for HARP Tracker is shown in Fig. 1.
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Fig. 1.  Main screen of HARP Tracker on startup of the software 

2.1. Peripherals 
There is a distinct range of peripherals included in the HARP Tracker interface that continually updates as new data is received from the ballooning payload. This includes a map of the last received location with coordinates and the exact altitude. Underneath the map is GPS data (latitude, longitude, altitude) along with the city the balloon is flying over as provided by the OpenStreetMap API. As shown in Fig. 1, the altitude meter is non-linear to highlight important landmarks during a typical balloon flight. Included in the GUI is also an altitude meter to assist in visualizing the altitude data of the balloon. APRS callsign and Iridium modem can be entered in the corresponding text fields under the “Radio Connectivity” section. Although planned to be fully operational in the future, a currently non-functional manual control system is also implemented for ground control. Furthermore, the interface features a status bar underneath the title which gives the user useful information regarding the tracker, including but not limited to errors and new connections. Additionally, the software also displays the current time in UTC and the most recent update from any protocol. 

2.2. Modular Redundant Tracking
HARP Tracker encompasses support for multiple radio connections using extensible modules, which allows for a redundant system for data transfer. The alpha build currently has support for APRS, SondeHub, and Iridium, although RFD900, Arduino, and Ubiquiti connections are planned to be implemented in the full release. Data is derived from both APRS, SondeHub, and Iridium connections with the APRS.FI, SondeHub and MSU Borealis’ Iridium APIs respectively.  The program derives location by using the most recent valid data point amongst the modules and will then update all necessary peripherals, including lighting up active protocols as shown in Fig. 2. The modular approach to handling data transfer makes it easy to support new platforms and protocols and reduces the amount of code rewriting needed. This also allows for a much more streamlined workflow for collaborators and contributors. The program determines the most recent valid data points by removing any data points that are over 15% from the median of all the corresponding data points and then returning the most recent location that is remaining.
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Fig. 2.  The connection indicators for each module.

2.3. Real-time Map Display
[bookmark: _Int_hFb6wwLm]At the center of the GUI, the program displays a map with the most recent current latitude, longitude, and altitude of the balloon as given by the modules (see Fig. 3). The map uses Leaflet.js and the OpenStreetMap API to provide an interactive experience for the user. There are further plans to add built-in flight paths along with the SondeHub flight predictions to the map itself. This would be extremely helpful for ground station teams who wish to visualize the path the balloon may take without having to use different programs, rather, using HARP Tracker as an all-in-one solution.
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Fig. 3.  Real-time map of the last received balloon position along with specific GPS data and the city, if any, the balloon is currently flying over

2.3. Data logging
HARP Tracker automatically logs the data in CSV format and saves it in a folder called “Launch Data” in the current directory, creating the folder if necessary. For the full release, there are plans to also include an auto-generated flight path map when a flight has been completed.

3. Testing
[bookmark: _Int_GCLBTPSI]While there has been no on-field testing done, HARP Tracker’s general functionality is tested using SondeHub Amateur; by using an APRS callsign listed for a currently active flight on SondeHub Amateur, the program can successfully display and update data. However, it is unclear if the data is fully accurate; this can be clarified when the program is used for future launches by NEBP teams wishing to test the software.

4. Conclusions
[bookmark: _Int_T3iNqN8x][bookmark: _Int_WADxh2ln]HARP Tracker’s alpha release was published in early May [2] and was first publicly introduced at the Scientific Ballooning Technologies Workshop conference this year. Since then, it has been under active development to not only implement planned features but also consider feedback from other ballooning groups. The main priorities are expanding the options of payload communication and manual control system functionality. Venting, cutdown, and uplink support are actively being worked upon to be added to the program as well. Although it is lacking a fortified process, there is interest in demonstrating a balloon’s route from its launch point to its current position and making predictions on a balloon’s landing location. These predictions would map the balloon's path assuming it continues to the planned altitude at which it would burst, or if it were cut down at that moment
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