RSGB high-altitude balloon (HAB) Competition
LoRa APRS Tracker Hardware and Software

Setup and User guide
Version 1.8 7.8.2025 Dave Pegler, MOJKS

This document describes how to build and configure a LoRa APRS Tracker that will be required by
a licensed radio amateur (or radio amateur club) in order to participate in the RSGB high-altitude
balloon (HAB) competition being held on Saturday 20 September 2025.
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1 APRS (Automatic Packet Reporting System), what is it?

The Automatic Packet Reporting System (APRS) is an amateur radio based mechanism for real-time
communications, which allows small packets of data to be sent and received over RF. More recently,
APRS now permits data packets to be routed from RF, through the Internet and then back to RF
through devices called iGates (Internet Gateways). It was invented in the 1990s by Bob Bruninga,
call sign WB4APR (now sadly SK). It is based on a tweaked version of the ITU-T X25 protocol called
AX25, which amongst other things, adds an amateur radio call sign and a 4 bit SSID to the existing
X25 protocol. The addition of an amateur radio call sign allows the X25 protocol to be used to send
small packets of data to and from APRS equipment belonging to licensed radio amateurs; and the
SSID allows the APRS system to differentiate between different APRS equipment belonging to a
single radio amateur. Until very recently, APRS was predominately used around the world on 2m
using Audio Frequency-Shift Keying (AFSK). Below is a map compiled by G6UIM which shows
what frequencies are allocated around the world for AFSK based APRS on 2m, and where.

Complied by : ) .
G6UIM S send updates to G6UIM via QRZ.com

2 LoRa APRS, how is that different to AFSK APRS?

Audio Frequency Shift-Keying (AFSK) based APRS uses two frequencies in the audio spectrum,
1200Hz and 2400Hz, to represent binary data at a speed of 1200 bits per second (or as only one bit is
sent at a time, 1200 baud). For example, the letter “A” in ASCII (a standard for representing alpha
numeric characters in computers from the 1960s but still used today) is 65 in decimal (base 10), 41
(written as 0x41 or 8’h41) in hexadecimal (base 16), and 01000001 in binary (base 2). To send the
letter “A* using AFSK, a device call a MoDeM (Modulator/Demodulator) takes the binary version
of a alpha numeric character (for example 01000001 for “A”), processing it one bit at a time and
sending an audio tone of 1200Hz if it encounters a logic “1* and an audio tone of 2400Hz if it
encounters a logic “0”. The audio tone is then FM modulated to the carrier frequency of 144.8MHz
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(EU), 144.39MHz (US) and then transmitted. Depending on how long each tone is transmitted %
for, dictates the bit rate. A baud/bit rate of 1200 bit/s means each tone is transmitted for a period

of just under ImS (883uS to be precise). This is deliberate to ensure that the receiver can distinguish
between a tone at 1200Hz (a logic “1”’) and a tone 2400Hz (a logic “0”), especially if the Signal to
Noise Ratio (SNR) of the received signal is poor.

Until quite recently, APRS really only used AFSK, and usually on 2m. However, a new low power,
long range proprietary technology called LoRa (Long Range) was introduced in the last few years by
the French (now US) company Semtech. As the name suggests it is designed for Long Range
communications but using Low Power. To achieve this, LoRa uses a digital modulation technique
called Spread Spectrum (SS), and a particular variant of SS called Chirp Spread Spectrum (CSS). If
this all sounds too good to be true, it’s because it is. There is no free lunch with digital
communications, and CSS is no different. To achieve long range, low power communications, SS
modulation techniques deliberately spread a low bandwidth baseband signal over a much larger
modulated bandwidth. This sounds nuts, right? As radio amateurs we are taught that bandwidth is a
precious resource and that we must be careful to use it wisely and with consideration for other users.
However, Spread Spectrum, which was designed for military communications, and was actually
invented by a Hollywood actress called Hedy Lamarr back in the 1940s, has a very different approach
to spectrum usage and efficiency. Up at high frequencies (e.g. beyond UHF and mm-wave) there is
lots of bandwidth available (especially to the military), and so when operating at these high
frequencies, the prevention of interference, either deliberate (i.e. jamming) or due to external factors
is far more important than the conservation of bandwidth.

At this point we don’t really need to go into much more details about SS and CSS, because it’s quite
complicated, and as usual involves a lot of complicated maths. To understand how LoRa works it’s
sufficient to know that when a transmitting station deliberately spreads a baseband signal over a much
larger modulated bandwidth, when a receiving station then does the reverse (called despreading) the
wanted signal is de-spread back to baseband, but the opposite happens to any interference/noise that
is picked up in the communications channel. The act of despreading the wanted signal has the effect
of spreading any interference or noise present in the channel over a much larger bandwidth. This
attenuates the interference/noise and so increases the Signal to Noise Ration (SNR) of the recovered
signal. Thus with CSS (and with other SS techniques also) we get something called processing gain,
which is basically the ratio of the baseband signal to the spread signal. In LoRa this is called the
Spreading Factor or SF. The higher the SF, the higher the processing gain, but lower the overall data
rate. For something with a low data rate such as APRS, but which needs to be Long Range and Low
Power; LoRa is thus a great fit for APRS.

3 RSGB high-altitude balloon (HAB) competition

To help radio amateurs begin experimenting with LoRa, APRS, software and coding, the RSGB are
running a high-altitude balloon (HAB) competition on Saturday 20 September 2025 to coincide with
National Coding Week.

rseb.org/lora-balloon

A High-altitude Balloon will be launched by RSGB Director Ben Lloyd, GW4BML from Welshpool
in Powys, with a cross-frequency LoRa APRS Digipeater payload on-board. The HAB will be
airborne for around two hours and will reach a maximum height of 90,000 feet. The uplink frequency
of the cross-frequency Digipeater on board the HAB will be 439.850MHz and the downlink frequency
will be 433.850MHz. Any LoRa APRS equipment used to participate in the HAB competition must
be configured to transmit on 439.850MHz; with 125KHz bandwidth, Spreading Factor (SF) 12, and
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Coding Rate (CR) 5. The output power level must be set to less than or equal to +23dBm %
(200mW) EIRP.

The uplink frequency (439.850MHz, 125KHz B/W) has been allocated by the RSGB ETCC for use
by licensed UK radio amateurs during the competition only. It is different to the current UK LoRa
APRS frequency of 439.9125MHz to ensure that the HAB cross-frequency Digipeater only receives
and decodes APRS packets from radio equipment participating in, and for the duration of, the
competition. The downlink frequency of 433.850MHz will be used exclusively by the cross-
frequency HAB Digipeater to forward any received LoRa APRS packets on the uplink to APRS-IS
(APRS Internet Service) through a number of special iGates. These iGates will be placed on a number
of mountain tops across the UK to ensure widespread coverage.

As licensed radio amateurs we are only allowed to operate in the 70cm band (430-440MHz) as
secondary users. The primary users of the 70cm band in the UK. are the military; and because of this
we are not permitted to operate airborne (i.e. transmit for an aeroplane, hot-air balloon, glider or, a
high-altitude balloon). However, the unlicensed LDP433 (Low Power Devices 433MHz) band, which
overlaps with the 70cm amateur radio band from 433.050MHz to 434.790MHz, has no such
restriction - provided the transmit power level is less than or equal to +10dBm ERP (see Ofcom
IR2030/1/10). After careful consultation with the RSGB ETCC, the frequency of 433.850MHz in the
unlicensed LPD433 band has been selected for the HAB downlink frequency to allow the RSGB
HAB competition to go ahead.

4 Recommended LoRa APRS Single Board Computer (SBC)

The RSGB LoRa APRS HAB competition is being run to encourage anyone with an amateur radio
licence (individuals and clubs) to build, program, configure and deploy their own HAB tracker using
a LoRa Single Board Computer (SBC). There are many different types and models of LoRa SBC
available from online retailers (e.g. Amazon, AliExpress, Pi Hut etc.). All use the same SX1262 LoRa
modem from Semtec but they are sold in three different flavours — EU433, EU868 and US915. These
are so they can be used by unlicensed individuals in the LPD (Low Power Devices) or ISM
(Instrument Scientific and Medical) bands — albeit with power levels of only around +10dBm
(10mW). See the following link for more details:

https://en.wikipedia.org/wiki/LPD433

The SX1262 LoRa chipset at the heart of all these SBCs is a SDR (Software Defined Radio) with a
direct conversion transceiver (aka zero-IF or homodyne) which is capable of operating from 150MHz
up to 960MHz. Each different flavour of SBC available (EU433, EU868 and US915) uses the same
SX1262 Semtech modem (150MHz — 960MHz) but with some basic front-end lumped LC filtering.
Luckily for radio amateurs the LPD433 band (ITU region 1 ISM band of 433.050MHz to
434.790MHz) conveniently overlaps with the 70cm band (430MHz to 440MHz) for which radio
amateurs have a secondary usage (the military being primary). Thus, these cheap LoRa SBCs,
designed for the LPD433 band can be used by licensed radio amateurs in the 70cm band in-line with
the guidance in the RSGB band plan.

For the RSGB HAB competition we recommend a cheap LoRa (EU433) SBC called the “Heltec LoRa
Wireless Tracker”. This board is actually a LoRa development PCB designed by Chinese company
Heltec Automation, which consists of a ESP32-S3FN8 microprocessor, Semtech SX1262 LoRa
modem, 0.96” OLED display, WiFi, Bluetooth and a UC6580 dual-frequency multi-constellation
GNSS SoC which supports GPS, GLONASS, BDS, Galileo, NAVIC and QZSS.
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For more information about the “Heltec Wireless Tracker” board please check out the following %
URL or scan the QR code with your phone.

https://heltec.org/project/wireless-tracker/

A full list of equipment, including the “Heltec Wireless Tracker” board, and where to source it from
is listed in Section 17. It is recommended to buy the “Heltec Wireless Tracker” board from a reputable
source, preferably directly from Heltec Automation or from their shop on Aliexpress, as some of the
cheap “clones” available on the market are sub-standard. You must also remember to buy the
“EU433” version and not the “EU868” version (which is for Meshtastic)

5 Software, Coding and Configuration

The RSGB HAB competition is being run by the RSGB on 20 September 2025 to coincide with
National Coding Week. This is a UK wide programme to encourage the young, and those of us not so
young, to learn about coding and programming; with the aim of making these skills accessible and
engaging. The HAB competition is one way that the RSGB is encouraging radio amateurs to learn
new technical skills, particularly coding and electronics during National Coding Week. It is being
targeted at both Foundation and Intermediate licence holders who are (thanks to the recent licence
changes) now at liberty to build their own equipment.

Although the “Heltec Wireless Tracker” board that we recommend for the HAB competition is an
amazing bit of equipment, it’s hardware and pretty useless without software to tell it what you want
it to do. It’s basically a tiny little computer, with LoRa modem, UHF radio, multi-constellation GNSS
receiver (which supports GPS, GLONASS and Galileo) on a single-board PCB. It even has WiFi
connectivity and Bluetooth should you need to connect to it from your Phone — which we will!

To begin doing anything useful with this little board, we need some software. Don’t worry you won’t
be writing any code (for anyone new to all this malarkey, to “code” means to write software). the
software has already been written (coded) for you. The purpose of the HAB competition is to show
how easy it is to build, upload and configure the software on this little SBC to become a fully fledged
LoRa APRS tracker; and use it to bounce radio signals off a Digipeater floating around at 90,000 feet
on a high-altitude balloon somewhere over the UK.

To begin you need to download some software which software engineers call an Integrated
Development Environment (or IDE). It’s just an application which you run on a Windows or Linux
PC, which takes the software written for the little ESP32-S3FN8 microprocessor on the Heltec
Wireless Tracker board, and converts it into instructions (called machine code) that the
microprocessor understands. Humans are rubbish at reading machine code, so to make “coding”
easier it’s written in what is called a high-level language. You may have heard of some, for example
Cobol, Basic, C, C++, Lisp, Python, Ada, Pascal, Java, C# or Rust — there are a lot of them. These
high-level languages use many English words like “If, While, For, Begin, End” to make coding easier
for Humans to write. When the software “coding” is done, it needs to converted into the instructions
(called machine code) that the microprocessor can actually follow. This conversion process is called
“compiling” in some languages, and interpreting in others. In this project, the high-level software we
are going to download, and use is written in a language called C++.

6 Installing Visual Studio Code

For the RSGB HAB project you need to download a Windows application called Microsoft Visual
Studio Code (VSC) — this will be the IDE.
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To download (Visual Studio Code) VSC click on the following link:
https://code.visualstudio.com/download

When you do so, you should see the following Microsoft web page appear:

« c 6 o8 visuslstudio.com o Q o+ @ &2

) Visual Studio Code Docs Updates Blog APl Extensions FAQ  GitHub Copilot

Download Visual Studio Code

Free and built on open source. Integrated Git, debugging and extensions.

To install VSC click on the Windows (Windows 10,11) blue box on the left-hand side. You should
see a self-extracting executable called “VSCodeUserSetup-x64-1.100.2.exe” (or something similar)
being download to your “Downloads” directory. When the file has downloaded, using the mouse left-
hand button double-click on “VSCodeUserSetup-x64-1.100.2.exe” (or whatever it is called) to begin
the installation process.

A “Setup” pop-up box should then appear, asking you to agree to some licensing terms.

&
5 <
H B
v
&
A
g
I
]
o
%

Thanks for downloading VS ¢

| Visual Studio Code documentatig

MICROSOFT SOFTWARE LICENSE TERMS
MICROSOFT VISUAL STUDIO CODE

Getting started

LY Ol accent e agreen e

Set up Visual Studio Code

Once you have read through the licensing information, if you are happy to proceed select “I accept
this agreement” and then click “Next”. You will then be asked .. -

where you would like VSC installed. Unless you want to install Compictin the Vsl Sao Code Scop
VSC in a particular location, just click “Next”. Then when asked 3 o
whether you would like VSC placing in your shortcut’s toolbar. a S

Again click “Next” so that it is. Continue clicking “Next” on all
the pop-up boxes until you get to the “Ready to Install” pop-up
box. Here click on “Install” to the installation process.

When the installation process of complete, you will see the pop-up
box to the right appear. Click on Finish and at this point VSC should automatically start up.
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When Visual Studio Code is up and running, it should look similar to the screen shot below:

<>

Get started
with VS Code

Use Al features with Copilot for free

7 Installing VSC Extension “PlatformlO IDE”

The next step in the installation process is to install a VSC extension or plug-in called “PlatformlO
IDE”. This extension is an extra bit of software that runs within VSC that allows it to build code for
the ESP32-S3FN8 microprocessor that resides on the Heltec Wireless Tracker board. 4,

To begin this step, click the “Extension” icon on the left-hand side of VSC. It looks B:?
like 4 boxes on top of each other, with one box trying to breaking free.

When you click on the “Extensions” icon, you should be presented with a search box in the top left-
hand corner of VSC. Under “EXTENSIONS:MARKETPLACE” there should be a “Search

Extensions in MarketPlace” search box. In here type “PlatformIO IDE” as shown in the screenshot
blelow:

File Edit Selection WView Go
EXTEMSIONS: MARKETPLACE

PlatformiO ID]

s S0 -t war

Install

pioarduino IDE 7K

Install

10K WS

Install
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As you type “PlatformIO IDE” in the search box and orange coloured Wasp looking icon should
appear as shown in the Screenshot above. Click the blue “Install” button to the right and this should
begin the installation process. You will be asked another series of questions like those shown in the
screenshot below:

Do you trust the publisher "PlatformlO"?

s published nlO. This is the

Install

Install Trust Publisher & Install Leamn More Cancel

Simply click on “Trust Publisher & Install” to begin the installation. This is the final step installing
the IDE (Visual Studio Code) required to build the software for the RSGB LoRa APRS High-altitude
Balloon (HAB) Competition

8 Downloading the “LoRa APRS Tracker” Software

As we described earlier, to make the ESP32-S3FN8 microprocessor on the Heltec Wireless Tracker
board do what we want, we need some software to run on it. The software we use to do this was
written by a licensed radio amateur Richardo Guzman, CA2RXU, using a high-level programming
(coding) language called C++. Once this software is downloaded, it then needs to be converted
(compiled) into a format that the microprocessor understands. The IDE we just installed (Visual
Studio Code or VSC) does this for us.

In Richardo’s original version of the software, it is possible to switch between three different
operating frequencies using the left-hand button on the Heltec Wireless Tracker board. These
frequencies are 433.775MHz (EU), 434.855MHz (Poland) and 439.9125MHz (UK). As detailed in
section 3 above, for the duration of RSGB HAB competition, a new frequency of 439.850MHz has
been allocated by the RSGB ETCC. It is different to the current UK LoRa APRS frequency of
439.9125MHz to ensure that the HAB cross-frequency Digipeater only receives and decodes APRS
packets from radio equipment participating in, and for the duration of, the competition. Thus, to
ensure only the correct frequency is used by participants of the RSGB HAB competition a new version
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of the software repository has been created (cloned) on github.com, and this has been tweaked
to add 439.850MHz (HAB) as the only frequency option.

The next stage of the process is to download the RSGB HAB version of the “LLoRa APRS Tracker”
software from github.com; and then use VSC to convert (compile) it to a format we can then upload

to the ESP32 microprocessor on the Heltec Wireless Tracker board.

To download this version of the software, please click on the following link to navigate to the RSGB
HAB LoRa APRS Tracker github page:

RSGB HAB LoRa APRS Tracker Software

When you click on the above link you should see something similar to the screenshot below.

&« C @ O B hipsiigithub.com/mojks/RSGE-HAB-LoRa_APRS Tracke B C

port bookmarks... 4#) More about FFTs - Au... |\- Bala - BBC Weather @) Terminology Used in... O ma @ Connecting to AnyTo... EJ TSS-53LNB+.pdf & MOTKS - Theocharis .
= O moOjks / RSGB-HAB-LoRa_APRS_Tracker Q Type (7] to search

<> Code (© Issues {9 Pullrequests ( Actions [ Projects [0 wiki @ Security |~ Insights &3 Settings

RSGB-HAB-LoRa_APRS_Tracker Fubic Q sponsor || S Pin | ®Watch 0

P main ~ P 18Branches © 18Tags Q Goto file t Add file ~ <> Code ~

Dave Pegler RSGB-HAB-001: Repository really needs a propoer .gitignore to preven... &3 6foffdd -3 daysago {0 963 Commits

B8 .github Update build.yml 4 months ago
B .vscode update last year
B data RSGB-HAB-001: Repository really needs a propoer .gitign... 3 days ago
I data_embed Update Msg update 2 months ago
B extra turn slope implementation 2 years ago
B images images for wifi added 9 months ago
BB include TFT fixes 4 months ago
B src RSGB-HAB-001: Repository really needs a propoer .gitign... 3 days ago
8 tools start 10 months ago
BB variants FAGOH with LLCC68 added 4 months ago
O .gitignore mucho agregado 10 months ago
[ LICENSE Initial commit 2 years ago
(O README.md prueba nueva libreria 4 months ago

Github (github.com) is a internet wide software storage repository that uses a distributed software
version control system called “git” that was written by Linus Torvald — the guy who wrote the Linux
operating system. It is free to use and is a very powerful software repository and version control tool.
Here, we don’t care about any of that, we are just using it to get the latest stable version of the RSGB
HAB “LoRa APRS tracker” software.
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To down the latest version of the “RSGB-HAB-LoRa APRS tracker” software, click on the
Green “<> Code” icon, and then select “Download ZIP” as shown below.

s ety R — [ b

PR — mmmmeey

RSGB-HAB-LoRa_APRS_Tracker Fublic

) Sponsor

Rl

<7 Pin & Watch 0

¥ main ~ P 18Branches © 18 Tags Q Gotofile Add file ~
Local Codespaces
Dave Pegler RSGB-HAB-001: Repository really needs a propoer .gitig
(3 Clone ®
B .github Update build.yml
HTTPS S5H  GitHub CLI
I .vscode update
https://github.com/m@jks/RSGB-HAB-LoRa_APRS (_g]
B data RSGB-HAB-001: Re

B data_embed
I extra

B images

Clone using the web URL.
Update Msg updat

turn slope implem [ Download z1P

images for wifi added 9 months ago

This will then start downloading a zip file to your Downloads directory called:

“RSGB-HAB-LoRa_APRS_Tracker-main.zip”

Once this zip file has finished downloading, you will need to extract it so we can use it with VSC. To
do this double click on the file you just downloaded, and you will see the following pop-up window
appear. It initially tries to flog you some extra zip extraction software that is already installed in
Windows. To get rid of the annoying advertisement, click the “X” at the top right-hand corner

'
I3 exract O rineme e P
1
Compress
AuskZip: Zip B RAR Extractor X
€ upgrade
AukZip Premium
\\‘5’
© Compress & Bxvsc Fesin Bacn Lfetime o
© Fepair & Unsip Broken Fies
| £8.39 £4.19
@ Right-click Menu for Quick Actions
@ Eeteacta Single File Eficiently without
Unzipping Entire Archive.
“omments
& Settings
wutput ratn
) Feedback ®
© s

and you should be left with the following pop-up window:

S Lona si, n

G AukZip: 2ip & RAR Extractor
I edac
Compress

€ upgrade

@ settings
{) Feedback

(@ About

b

67 LoRa_APRS Tracker-main (1)zip CAUsers\Dave PegleriDownloads

Archive Comments

Output Path ~ CUsers\Dave Pegler\Dacuments
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In “Output Path” change the location where you want the software to be extracted to; and
remember the location for later! Finally Click on “Extract All” and when all the archive
extraction is complete, close down the extraction utility.

9 Importing LoRa Tracker software into Visual Studio Code (VSC)

Now that Visual Studio Code (VSC) is installed, and you have successfully downloaded the RSGB-
HAB-LoRa APRS Tracker software, it is time to import this into VSC so you can begin to compile
it.

Using VSC click on “File” (top left-hand corner) and then “Open Folder”. A “Open Folder “window
should then appear and you will be invited to navigate to the location where you downloaded and
extracted the RSGB-HAB-LoRa APRS Tracker software. The folder should contain files similar
to those shown in the screenshot below.

rﬂj D O GitHub - richonguzman/LoRa_AF X + - (] '...

) Welcome X%

)o Open Folder

« L <« LoRa_APRS_Tracker RSGE » LoRa_APRS_Tracker-main » LoRa_APRS_Tracker-main Search LoRa_APRS_Tracker-m... Q&

Organise » New folder == = o
~

§ 3D Objects ~ MName Date modified Type
[ Desktop github 8/0 7:27 File folder
‘=] Documents wscode File folder
J Downloads data File folder
J} Music data_embed 8/0 File folder

&= Pictures extra 8/0 File folder

[ Videos
‘i Local Disk (C)
o= DV 4TB (D:)

images 8/0 File folder
include &/0 File folder
src &/0 File folder
tools &/0 File folder
- DV2TB (Q) variants 8/05/2025 17:27 File folder
=x development (\\

= export (W 17218,

¥ Network

[ DESKTOP-RUE%2
™

Folder: | LoRa_APRS_Tracker-main

Select Folder Cancel

v Show welcome page on startup

® @oA0
Open file

Click “Select Folder” and then wait for VSC to do its thing. It will at some stage ask you whether you
Trust the authors. Click “Yes, I trust the authors” to tell VSC to begin the import process. It will then
begin by opening up a file called “platformio.ini”, and then in the bottom left-hand corner will show
the progress of it configuring PlatformIO.

Please wait patiently for this process to finish before moving on to the next stage.
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10  Building the Software for the Heltec Wireless Tracker board

When VSC and PlatformIO have finished importing the “RSGB-HAB_ LoRa
APRS Tracker” software, you will be presented with the “platformio.ini” project file as shown
below.

M M ) GitHub-richonguzman/loRa AP X -

) File Edit Selection

@ EXPLORER

s LORA_APRS TRACKER-MAIN

[platformio]
= ttgo-t-beam-vi 2

README.md

> OUTLINE
TIMELINE
0B v @ ) r In1,Coll TbSize=4 UTF8 LF (i 8 0

If you take a closer look at this file, you will see that by default the software is configured for a
“TTGO Tbeam V1.2” board — see lines 11 and 12 in the screenshot above.

In the “platformio.ini” configuration file, the option “default_envs” (see line 12) tells VSC which
LoRa Single Board Computer (SBC) you want it to compile the LoRa_APRS Tracker software for.
Clearly “ttgo-t-beam-v1 2" is the wrong board here, so we need to use VSC to edit this file and
change the “default_envs” options to “heltec_wireless_tracker” like so:

@ PIO Home T platformio.ini ®

& platformio.ini

[platformio]

= heltec_wireless_tﬂackerl

common_settings.ini
variants/*/platformio.ini

[env]
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The next step is to instruct VSC to compile the “RSGB-HAB-LoRa APRS Tracker”

software for the Heltec Wireless Tracker board. To do this, click on the White tick that is

located on the bottom tool bar. This is positioned between the House symbol and the Right Arrow as
shown in the screenshot below:

After a short period, if everything goes well, you should see “Successfully created esp32s3 image”
displayed, and the word SUCCESS (highlighted in Green) displayed several times in the
“TERMINAL” output window as shown in the screenshot below:

common_settings.ini

rerting p.‘LO .bu11r1 .heltev
Linking .pio'\_build‘\_helter.:_1-Jir-ele55_tr-ar.:
Retrieving maximum program size .pio\buildy A
C ing size .pio‘\,build‘x,helter.:_].-lir-ele55_tr-ar.:ker-\, rmware. elf
nced Memory Usage is awv allable via Plat+o| » Project Inspect”
RAM: == 2 )
Flash: [===—
Building .p
esptool.py
Creating es
Merged 3 ELF
S

5] Took 3%.78 seconds

Status Duration

“ Terminal will be reused by tasks, press any key to close it.

This indicates that the compilation process completed successfully.

11 Building the esp32s image for the Heltec Wireless Tracker board

As we described earlier in this document, the ESP32-S3FN8 microprocessor on the Heltec Wireless
Tracker board does not understand high-level code (written in C+) - so we need to modify it into a
format that it does understand. Part of this process is called compiling which we discussed above, but
there are also a few further steps required after compiling. We need to gather together bits of pre-
compiled code (compiled by someone else) called libraries. These libraries are bits of compiled code
that do things that we need, but we really don’t need to know too much about how they do it. One of
these libraries we need is called “RadioLib”, and the RSGB-HAB-LoRa APRS Tracker software
uses features in this library (called functions) to setup and control the SX1262 LoRa modem on the
Heltec Wireless Tracker board. We don’t care how it does this, we simply use it by calling the
appropriate “functions” it provides.

After compiling the RSGB-HAB-LoRa APRS Tracker software, the VSC build process must
perform a few more steps. The first is called linking, where it gathers together (or links) the RSGB-
HAB-LoRa APRS Tracker software we compiled earlier, with various bits of pre-compiled software
stored in these libraries (e.g. RadioLib). The resultant file is called a Executable Linkable Format
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(ELF) binary. If you look closely at the output from the TERMINAL window (on the previous
page) you will see the following lines in the Terminal Window:

Linking .pio\build\heltec wireless tracker\firmiare.elf

Retrieving maximum program size .pio\build\heltec wireless tracker\firmware.elf
Checking size .pio\build\heltec wireless tracker\firmware.elf

Here VSC is linking together all the different compiled bits of software (called object files) into a
single binary blob called “firmware.elf”. This image is still not quite in the correct format to be
uploaded to and run on the ESP32-S3FN8 microprocessor; it still needs a little more tweaking.

The very last compilation/linking stage that VSC performs is shown in the screenshot below. It
converts “firmware.elf” into “firmware.bin” for the specific ESP32 microprocessor on the Heltec
Wireless Tracker board (i.e. the ESP32-S3FNS).

common_settings.ini

DMNSOLE TERMIMAL PORTS

r\bootstrap.css.gz.txt.o
: g r\bootstrap.js.gz.txt.o
Converting .pio\build\heltec_wireless t favicon.png.gz.txt.o
Linking .pio\build\heltec wireless tracker mware. elf

king size .pio\build\heltec wireless tracker\firmware.elf
Advanced Memory Usage is available wvia "PlatformIC Home > Project Inspect”
= 1 17.2% (used 56444 bytes from 8 bytes)
Flash: [==== > (used 1414785 bytes fr
Building cker\firmware.bin
esptool. py
Creating esp
Merged 3 EL
Succ Fi

5] Took 38.78 seconds ===

Status Duration

H Terminal will be reused by tasks, press any key to close it.
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12 Preparing Windows for Heltec Wireless Tracker board upload %

All the hard work is now done, and the fun can begin. It’s time to open the Heltec Wireless
Tracker plastic case and take out the little SBC. As shown below, on the top side of the SBC PCB is
a 9.6” OLED display, USB-C connector, a GNSS antenna and the ESP32-S3FN8 microprocessor
(hidden under the OLED display). On the reverse side, you will see the SX1262 LoRa Modem, the
UC6580 dual-frequency multi-constellation GNSS SoC, a JST 1.25mm connector (for a connecting
to a 3v7 Lithium-Ion battery), some push buttons and two IPEX U.FL antenna connectors marker
LoRa and GNSS:

ESP32S3(WIiFi/BLE) 0.96inch 160x80 TFT

(Under the display)

« F R YN LR BRL R B P

{ Z :‘ 0 ASY  OND O ONCENCONDEACOND G _(_/ButtomRSl’
GNSS ANT _ i ' Type-C USB
= :.”‘ A ;}‘(:',‘,‘;;".,,(' AR ﬁ-‘* ~. Button Boot User
LoRa ANT(IPEX1.0) S N S ) [E23TTR TN — _WIFLANT
S$X 1262 LoRa Chip
(Metal shield shell) 9% - 2"1.25 lithium
UC 6580 GNSS Chip |8 Battery Interface
(Metal shield shell) Bl (uc 6580
GMSS_AMI“EEXJ L R R P o R O R T e ----------
| 10*ADC1 + 10°ADC2; :
1 12*Touch; ;
2'24°2.54 Header Pin 3"UART;
+2*12C;

1 2*SPI; etc

To upload the “firmware.bin” image (create by VSC) to the Heltec Wireless Tracker board, it is
necessary to connect your Heltec Wireless Tracker board to your Windows PC via USB . You need a
USB-C to USB-A lead, the same type use to charge Android mobile phones. Plug the USB-A end into
a spare USB-A slot on your PC, and the USB-C end into the Heltec Wireless Tracker board. The first
time you do this Windows will pop-up a message window about installing drivers for a “USB
JTAG/Serial”.

Once Windows has finished installing drivers, in the “Type here to search” search bar at the bottom

left-hand corner, type “Device Manager”. This will bring up the Windows “Device Manager” which
should look similar to the screenshot on the next page.
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Windows “Device Manager” is a useful tool for checking that Windows has correctly detected
the USB to serial chipset on the Heltec Wireless Tracker board as you connect it to your PC via
USB.

;.l.; Device Manager
File Action View Help
o= = dm B
v % DESKTOP-RUG9A3N
ij| Audio inputs and outputs
ﬂ Bluetooth
® Cameras

[ Computer
== [ligital Media Devices

= Disk drives
& Display adapters
i Firmware
=z |DE ATA/ATAP] controllers
= Keyboards
@ Mice and other pointing devices
[ Monitors
I? Metwork adapters
v g Ports (COM & LPT)
i@ Prolific PL2303GD USE Serial COM Port (COM3)
ﬁ LSE Serial Device (COMA4)
= Print queues
= Printers
L] Processors
B Security devices
w [ Sensors
B Microsoft Visual Studic Location Simulator Sensor
!* Software components
B Software devices
i Sound, video and game controllers
&y Storage controllers
E3 System devices
i Universal 5enal Bus controllers
¥ Universal Serial Bus devices
i USE Connector Managers

As you plug and unplug the USB cable to your Heltec Wireless Tracker board, look at the list of
devices detected by “Device Manager”. Under Ports (COM & LPT) you should observe a Windows
“USB Serial (COMX)” device (where X is a number) appear as you plug in and unplug the USB
cable. As shown in the Screenshot above, Windows reports the device as COM4 on my Windows 11
PC. On your Windows PC this number might be different so make note of it before moving on to the
next stage

13 Uploading to Heltec Wireless Tracker board

The final step to get the LoRa_APRS Tracker software running on the Heltec Wireless Tracker board
is to upload the firmware.bin image that was created by VSC earlier. You also need to upload a
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configuration file which tells the RSGB-HAB-LoRa APRS Tracker software vital information
it needs — such as the APRS frequency, your call sign and APRS symbol to display.

With the Heltec Wireless Tracker board still plugged into the USB port on your Windows PC, you
can now return to VSC to perform the upgrade. Earlier we described how to start VSC compiling the
software by clicking on the white tick on the bottom-left tool bar (between the house and right arrow
symbol)

Next to white tick is a white arrow pointing to the right; this is the firmware.bin upload button. When
you click on it, VSC will recompile some of the code if required (for example if something has
changed), create a fresh version of firmware.bin and then proceed to upload it via the USB serial link.

TERMINAL

Auto-detected: COM4
Uploading .pio\build\heltec wireless tracker\firmware.bin
esptool.py v4.5.1
Serial port COM4
Connecting. . .
Chip is ESP32-53 (revision v@.2)
Features: WiFi, BLE
Crystal is 48MHz
MAC: b8:81:84:9c:¢
Uploading stub. ..
Running stub...
Stub running...
Changing baud rate to 460200
Changed.
Configuring flash size...
Flash will be erased from @x00888008 to @x88883fff...
Flash will be erased from e@x0e888008 to
Flash will be erased from @x0088e008 to
Flash will be erased from x@e818geg to
Compressed 15184 bytes to 18438...
Writing at ©xPeeeeeese... (100 %)
Wrote 15184 bytes (18438 compressed) at 9x88800088 in 8.2 seconds (effective 517.2 kbit/s)...
Hash of data verified.
Compressed } bytes to 1
Writing at ©x@eeEsPed... (1600 ¥)
Wrote 3872 bytes (137 compressed) at 8x@0988088 in 8.8 seconds (effective 553.8 kbit/s)...
Hash of data verified.
Compressed 8192 bytes to 47...
Writing at 6xB088e008... (186 %)
Wrote 8192 bytes (47 compressed) at ©x0008e088 in 8.1 seconds (effective 778.7 kbit/s)...
Hash of data verified.
Compressed 1415288 bytes to 93
&1 Default (LoRa_APRS Tracker-main) & Auto VR Ln
e - ——

i

As the upload begins you will see output similar to that in the above screenshot being displayed in
the TERMINAL window.
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As firmware.bin is uploaded, the amount of information displayed in the TERMINAL window
will be quite verbose; so just ignore it. If all goes well you should observer “SUCCESS” in
green displayed a number of times in the TERMINAL window. It should look something like this:

Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing
Writing

Wrote 1415280 bytes (
Hash of data verified

Leaving.

at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at

TERMINAL

%)

278 compressed) at ©x08810888 in 9.4 seconds (effective 1199.3 kbit/s)...

Status Duration

UTF-8

As soon as VSC has finished uploading firmware.bin and performed a hard reset, you should observer
the Heltec Wireless Tracker board spring into life.

If all is well, it should display “[HOCPNEE" on the 0.96” OLED, as shown in the image above.
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If during the upload of firmware.bin you encountered errors (FAILED displayed in red like
those shown below), it’s most likely because VSC has failed to force the ESP32-S3FNS
microprocessor to revert back to bootloader mode.

This situation is easily remedied
by forcing the ESP32-S3FNS
microprocessor into bootloader

Lunflgur ing upluarl protocol. .
LE: i

ge, esp-builtin, esp-prog, espota, esptool, iot-bus-jtag, jlink, mini
olimex-arm-usb-ocd-h, olimex-arm-usb-tiny-h, olimex-jtag-tiny, tumpa

Auto-detec

Uploading pm\bullrhhelte - wireless tracker\firmware.bin

mode using the two push buttons
either side of the USB-C socket. erial p
With the USB socket facing [ e

Crystal
down, place a thumb on each of i 0
Uj i
REH:: g stub...
Stub running...
Changing baud rate to 466800

the push buttons. Press and hold
the left-hand button, then press
and release the right-hand button.
After about 1 second finally
release the left-hand button. The
ESP32-S3FN8  microprocessor
will now be into bootloader
mode, and you will hear
Windows make all sorts of e
beeping noises as it detects the serial USB mterface once again. W1th the ESP32-S3FNS
microprocessor now into bootloader mode, click on the white arrow (pointing right) on the bottom
tool bar to perform the upload of firmware.bin once again.

A fatal er

Environment Status Duration

H The terminal process "C:\Users\Dave Pegler\.platformio\penv\Scripts\platformic.exe ‘run’, "--
rget’, ‘upload’™ terminated with exit code: 1.
F Terminal will be reused by tasks, press any key to close it.

9 TabSized UTF-8 LF Ini & ._1

14  Uploading data/tracker_conf.json file to Heltec Wireless Tracker board

The LoRa APRS Tracker software uses a special Json configuration file called “tracker conf.json”
(which can be found in the “data” directory) to store some useful configuration information. When
the LoRa APRS Tracker software was being
developed, this file had to be edited to add
information such as your call sign, APRS
SSID, frequency and other preferences. This
had to be done before it was uploaded.
Nowadays you do not need to do this as the
LoRa APRS Tracker software is now
configured through a very nice web based
GUI — which we will discuss a bit later.
Even though the web interface is now the
preferred way to configure the tracker, it is
still possible to edit this file to configure the
tracker  software. Either way, the
configuration file “tracker conf.json” (clear
or edited) needs to be uploaded to the Heltec
Wireless Tracker board via the USB serial
connection.

) File Edit Selection View Go ---

@ EXPLORER

~ LORA_APRS TRACKER-MAIN GE VS
> github

 Tracker-main

1} tracker_confjson X

{} tracker_confjson
> data_embed

README.md

In the left-hand “EXPLORER” window, you will see all the files and directories that are used to build
the software. If you navigate to the “data” directory in there you will find the file “tracker conf.json”
If you click on that file it will be loaded up so you can explore it. Don’t change anything at this stage.
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To get the Tracker software up and running properly we need to upload this file to the flash
memory on the Heltec Wireless Tracker board using a similar, but subtly different mechanism

for uploading “firmware.bin”. On the left-hand side of VSC you will observe a white icon which
looks like a Wasp or Alien. If you click on this icon a list of different types of “ESP32” and “heltec-
lora“ boards should appear as show in the screenshot below:

File Edit Selection View Go

PLATFOI

~ PROJECT TASKS

FAGOH_1W_LoRa_Tra:
heltec-lora3

In the list that appears, there should be a directory called “heltec_wireless_tracker”. Click on that
and you should see the following list of tasks appear under this board type:

@ ~ heltec_wireless_tracker
~ B General
Build

Full Clean

Devices
em Image
/stem Image

1 Filesystem Image OTA

Erase Flash

> B3 Dependencies
> E3 Advanced

B3 Remote
» B3 Miscellaneous
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With the Heltec Wireless Tracker board still connected to your Windows PC (via USB), select
“Upload Filesystem Image” and then observer the debug output in the TERMINAL window.

You should observe VSC converting “tracker conf.json” to a format for uploading (a file called
spiffs.bin) and then actually uploading it. If all goes well you should see “SUCCESS” displayed in
green multiple times in the TERMINAL window, as shown below:

Serial port
Connecting. ..

Crystal is 48MH:

Uploading stub.
Running stub...
Stub running...
Changing baud rate to 468800
Changed.
Upload Filesystem Image Configuring flash size...
) Flash will be erased from @x80310086 to @x@e3effff..

Program Size

Compressed 917504 bytes to 2007...

Writing at eeea. .. (100 %)

Wrote 917584 (2987 compressed) at 8x00310008 in 2.2 seconds (effectiw
Hash of data verified.

Leaving...
Hard resetting via RTS p:
~ QUICK ACCESS Took 13.13 seconds =:

~ PIO Home

> B9 Miscellaneous

Environment Status Duration

“ Terminal will be reused by tasks, press any key to close it.

Sadly, in my experience this process can be a little unreliable, and you may observe errors (“FAILED”
in red), like those shown below:

upload port...
Auto-detected: COMA
Uploading .pio\build\heltec wireless tracker\spiffs.bin
esptool. py

Running stub...
Stub running. ..
Changing baud rate to 460800

A fatal error occurred: No serial data received.
== ] Took 12.15 seconds ====
Environment Status Duration

~ QUICK ACCESS —
~ PIO Home 00:88:12.145

H The terminal process \ P formi ipts\platformic.exe ‘run’, "--ta
rget’, ‘uploadfs®, "-- L0 C terminated with exit code: 1.
H Terminal will be reused by tasks, press any key to close it.

onfiguration

To remedy this, you will need to force the ESP32-S3FN8 microprocessor into bootloader mode once
again. As we described above, this is easily done using the two push button either side of the USB-C
socket. With the USB socket facing down, place a thumb on each of the buttons. Press and hold the
left-hand button, then press and release the right-hand button. After about 1 second finally release the
left-hand button. Windows will make all sorts of beeping noises as it detects the serial USB interface
once again. With the ESP32-S3FN8 microprocessor now into bootloader model (note that in
bootloader mode, the OLED screen goes blank) try again to upload the configuration file.
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15  First boot LoRa APRS Tracker Configuration

After you have successfully upload “firwware.bin” and “tracker conf.json” to the Heltec
Wireless Tracker board, it’s now time to configure it. In previous releases this had to be done be
editing “tracker_conf.json” prior to uploading via USB. In the latest releases this is now done through
a Web page running on the Wireless Tracker which is accessible from a smartphone over WiFi. In the
software this is referred as “Config WiFi AP mode”

To configure the software running on your Heltec Wireless Tracker, using the “Config WiFi AP mode”
use your phone to connect to the WiFi Access Point running on the tracker called:

LoRaTracker-AP
When prompted, enter the following WiFi passcode:
“1234567890”
When the Wi-Fi is connected, open up a web browser on your phone and enter the following URL:
http://192.168.4.1

My Motorola (Android) phone tends to get confused at this point as it is way too clever for it’s own
good. It works out that it cannot access the internet via the Wi-Fi AP “LoRaTracker-AP” on the
tracker, so automatically switches to a WiFi AP it knows is connected to the internet (i.e. my home
WiFi router). If you encounter this issue, you may need
to tell you phone to forget about your home WiFi
connection (so it cannot automatically connect), or
configure the tracker out of the range of your home
WiFi.

17:41 o= a2 P EH - T ¥ #80%

£ A 192168.4.1 g @

CA2RXU's LoRa Tracker =

(tv) Beacons

Add your personal configuration for each Callsign of

If all goes correctly, you should be presented with a web

Tracker Station.

page on IP address 192.168.4.1. It should be similar to
that shown in the screenshot to the right. You will then
be able to change the call signs you want to use and any
other options you see fit.

Once you are happy with the configuration options you
have changed, click on the three parallel bars at the top
right-hand corner (next to “CA2RXU’s LoRa Tracker”)
and you should be presented with a big green “Save”
button.

When you click on the green “Save” button, this will
save your changes to the internal flash memory and
force the Heltec Wireless Tracker board to reboot.
When it comes back up it should now display the
updated call signs, or whatever else you changed.
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Smart Beacon
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16  Tweaking the SOTA LoRa APRS Configuration %

The first boot configuration mode described above only runs on the Heltec Wireless Tracker
board if it has never been configured. If you have successfully configured the Heltec Wireless Tracker
but then want to change call sign or SSID, the easiest way to do this is to force the tracker back into
“Config WiFi AP mode “. You can then easily connect to it from a web browser on your smartphone
via WiFi to reconfigure it.

To do this press the left-hand button on the Heltec Wireless Tracker board three times in succession.
The display will switch to “CONFIG” mode as shown in the picture below (left). Next short press
the left-hand button so that the “>" character moves down next to “Config WiFi AP”. Then long press

the left-hand button for about 2 seconds and you
should see “STARTING WIFI AP” shown on the display. This is show in the picture above (right).
At this point the Heltec Wireless Tracker board should reboot and come back up in “Config WiFi AP
mode”. Please refer to section 15 on how to reconfigure.

17 Recommended RSGB HAB LoRa APRS Tracker Hardware

For the RSGB HAB competition we recommend a cheap LoRa (EU433) SBC called the “Heltec
LoRa Wireless Tracker”. This board is actually a LoRa development PCB designed by Chinese
company Heltec Automation, which consists of a ESP32-S3FN8 microprocessor, Semtech SX1262
LoRa modem, 0.96” OLED display, WiFi, Bluetooth and a UC6580 dual-frequency multi-
constellation GNSS SoC which supports GPS, GLONASS, BDS, Galileo, NAVIC and QZSS.

The board can be purchased directly from Heltec Automation.
Heltec Automation Direct
Remember to select the 470-510MHz (EU433) version
or from their shop on AliExpress.
Heltec Automation AliExpress Store
Again, remember to select the 470-510MHz (EU433) version

You can also buy it from the SOTA shop
SOTA
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https://heltec.org/project/wireless-tracker/
https://www.aliexpress.com/item/1005007979861709.html?isdl=y&aff_fsk=_okdZLNy&src=RedbrainUK2&aff_platform=aff_feeds&aff_short_key=_okdZLNy&pdp_npi=4%40dis%21GBP%2130.56%2121.39%21%21%21%21%21%40%2112000043136316838%21afff%21%21%21&dp=Cj0KCQjwhafEBhCcARIsAEGZEKKjluhopUESgiGATgUqu67OBOZdofREjH9QGRUIWoQ_Se0bA19wzmIaAi31EALw_wcB
https://heltecautomation.aliexpress.com/store/3213115
https://sota-shop.co.uk/dp/SOTA%20APRS%20tracker/

18 Tracking RSGB HAB LoRa APRS Digipeater

The RSGB HAB LoRa APRS competition will begin when Director Ben Lloyd, GW4BML launches
the high-altitude balloon from Welshpool in Powys on the morning of Saturday 20 September at 10
o’clock. It will contain a cross-frequency LoRa APRS Digipeater payload on-board and is expected
to be airborne for around two to three hours; reaching a maximum height of 90,000 feet.

The LoRa APRS cross-frequency Digipeater on board the HAB will be configured to beacon its
location every minute or so on a special downlink frequency, which will be received by a number of
strategically located ground stations (e.g. LTE/4G iGates). These iGates, situated on mountain tops,
will then relay the beacon packets from the HAB to the APRS Internet Service (APRS-IS). This is so
participants can track its location using any one of the APRS tracking websites now available:

LoRa APRS Live Map aprs.fi

For the duration of the flight, the HAB Digipeater will use the special call sign GB1IHAB and this
will appear on the various APRS mapping sites as the APRS hot air balloon symbol “/O”

g

v

19 Opening up the RSGB HAB Digipeater

To open up the LoRa APRS Digipeater on the RSGB HAB, a LoRa Tracker must be configured to
transmit on frequency 439.850MHz, 125KHz bandwidth, Spreading Factor (SF) 12, and Coding Rate
(CR) 5. As outlined in section 8, these are the default settings in the RSGB HAB Tracker software.
By default, the software is also configured to send out a APRS location packet (or ping) whenever
there is a significant change in location of the Tracker (i.e. walking, cycling, running or driving). Of
course, this will only occur if the UC6580 dual-frequency multi-constellation GNSS receiver on the
Heltec Wireless Tracker board can see a sufficient number of satellites to accurately determine it’s
location. It must therefore be used outside and will normally only transmit a change of location packet
when actually moving. To override this, as long as the 0.96” OLED display is showing the Latitude
and Longtitude of the Tracker (i.e. it has satellite lock) pressing the left-hand button on the Heltec
Wireless Tracker board can be use to override this and force a location packet to be transmitted over
RF. When the RSGB HAB is airborne, one can use this mechanism to try and open up the LoRa
APRS Digipeater, and use the various websites outlined in section 18 above to observe if your
Trackers was successful in opening up the HAB Digipeater, or not.

20 Enclosures for the Heltec Wireless Tracker board

As one might expect, on its own the Heltec Wireless Tracker board is not really designed to be used
outside. It should therefore be housed in a rugged enclosure with a battery to power it. If you have a
3D printer, there are numerous designs on thingiverse.com and printables.com for the Heltec Wireless
Tracker board; many of which also provide housing for a Li-Ion battery (e.g. 18650).
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https://lora.ham-radio-op.net/?center=52.7263,-2.6532&zoom=8
https://aprs.fi/#!lat=53.46136&lng=-1.85972

<>

Below are a couple of examples:
Heltec Wireless Tracker Case #1

Heltec Wireless Tracker Case #2
Heltec Wireless Tracker Case #3
Heltec Wireless Tracker Case #4

If you do not have access to a 3D printer, the following case designed specifically for the Heltec
Wireless Tracker board (including 2500mAH Li-Ion battery) is available from the SOTA shop:

SOTA LoRa APRS Tracker Case For Heltec Wireless Tracker board

There are also many case designs for the Heltec Wireless Tracker board, some with, some without
batteries on both eBay and Etsy:

The ROOK for Heltec Wireless Tracker
Heltec Wireless Tracker Case and 2000mAH battery
Tracker case & Battery fits Heltec Wireless Tracker

Heltec LoRa Wireless Tracker Case

Heltec Wireless Tracker case and Battery
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https://www.thingiverse.com/thing:6249907
https://www.thingiverse.com/thing:6835139
https://www.thingiverse.com/thing:6623869
https://www.printables.com/model/968697-heltec-wireless-tracker-case
https://sota-shop.co.uk/dp/SOTA%20APRS%20tracker/
https://sota-shop.co.uk/dp/SOTA%20APRS%20tracker/
https://www.etsy.com/uk/listing/1714213613/the-rook-heltec-tracker-meshtastic-case?ls=r&external=1&rec_type=cs&ref=landingpage_similar_listing_top-3&pro=1&frs=1&content_source=f31f2e1b41470e1ee1943e16e75abe28%253A30ce0dd0a60cf3c36447641b8002c08d36e9f262&logging_key=f31f2e1b41470e1ee1943e16e75abe28%3A30ce0dd0a60cf3c36447641b8002c08d36e9f262
https://www.ebay.co.uk/itm/135724996115
https://www.etsy.com/uk/listing/1709353512/meshtastic-gps-tracke-case-battery-fits?ls=s&ga_order=most_relevant&ga_search_type=all&ga_view_type=gallery&ga_search_query=%26quot%3BHeltec+Wireless+Tracker%26quot%3B&ref=sr_gallery-1-52&pro=1&sts=1&nob=1&content_source=a9abd2bd-92a2-41ba-a35c-75254037ce7e%253A40285137ce8a55ddd8f3eaedd90cd34d1ceff45c&organic_search_click=1&logging_key=a9abd2bd-92a2-41ba-a35c-75254037ce7e%3A40285137ce8a55ddd8f3eaedd90cd34d1ceff45c
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