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ÅLong Range Radio and is designed and optimized for long-range, low-
power IoT communications. DigiKey

ÅUses unlicensed technology in the 433(EU/US), 868(EU), 915(US) MHz 
bands with channel bandwidths from 31.25-500 KHz wide.

ÅA wireless modulation technique that encodes information on radio waves 
using chirp pulse and is based on Chirp Spread Spectrum (CSS) 
technology, which is similar to how dolphins and bats communicate. The 
Things Network

ÅCan be decoded up to 20 dB below noise floor, depending on Spreading Factor

ÅTends to be more robust against interference and can be received across 
great distances compared to other 3G/4G/5G 
technologies. techtarget.com, The Things Network

ÅDeveloped by Cycleo (Grenoble, France), and was later acquired by 
Semtech (Camarillo, CA) and is closed-source technology. Wikipedia

LoRa

https://www.digikey.com/en/maker/blogs/introduction-to-lora-technology#:~:text=What%20is%20LoRa?,for%20M2M%20and%20IoT%20networks.
https://www.thethingsnetwork.org/docs/lorawan/what-is-lorawan/#:~:text=LoRa%20is%20a%20wireless%20modulation,be%20received%20across%20great%20distances.
https://www.techtarget.com/searchnetworking/answer/LoRa-vs-5G-Can-they-coexist-for-IoT-network-connectivity#:~:text=What%20is%20LoRa?,wideband%20alternatives%2C%20including%20carrier%205G.
https://www.thethingsnetwork.org/docs/lorawan/what-is-lorawan/#:~:text=LoRa%20is%20a%20wireless%20modulation,be%20received%20across%20great%20distances.
https://en.wikipedia.org/wiki/LoRa


LoRa Signal

https://youtu.be/dxYY097QNs0 Spreading Factor

https://youtu.be/dxYY097QNs0


LoRa RF Viewed with SDRSharp& RTL-SDR



https://tinygs.com/

https://tinygs.com/


ÅInitially TinyGSwas born under the name ESP32 Fossa Ground Station

ÅIt was developed as a "weekend" project for the FossaSAT-1 LoRa satellite

ÅCurrently open to any LoRa satellites having a compatible radio modulation such as FSK, 
GFSK, MSK, GMSK, OOK and LoRa

ÅImportant moments of the project:
ÅNov 28, 2019 ESP32-OLED-Fossa-GroundStation project born.
ÅDec 6, 2019 FossaSAT-1 deployed with an Electron rocket by Rocket Lab.
ÅDec 10,2019 YL3CT's GS receive the fist LoRa packet from FossaSAT-1
ÅSep 28,2020 6U Norby LoRa satellite is deployed with a Soyuz-2-1b launcher
ÅOct 11, 2020 KA9ETC's GS receive the first LoRa packet from Norby
ÅJan 24, 2021 3x V-R3x sat deployed with a Falcon-9
ÅJan 25, 2021 KA9ETC'S GS receive the first LoRa packet from V-R3x
ÅFeb 14, 2021 New name and web tinyGS.com with a new Beta firmware.
ÅFeb 28, 2021 First packet received from SD SAT by PA3ARK.
ÅMar 20, 2021 First LoRa relay message between 2 tinyGSstations from K4KDR to N6RFM on SD SAT.
ÅJan 13, 2022 Transporter 3 rideshare mission by SpaceX add 6x FossaSAT-2 and SATLLA-2B new Satellites.
ÅJan 26, 2022 FEES2 for deployment from the ISS and received form the network.
ÅMay 30, 2022 2x FossaSAT-2E deployed SpaceX (Transporter 5) using a Vigoridespacecraft (Momentus)

TinyGS

https://tinygs.com/


40 Active 400-437 MHz sats.
9 Active 430 MHz balloons
4 Active 137 MHz sats. (Starlink)
5 Active 869-915 MHz sats.

{ŜǊǾŜǊ ŎƻƴǘǊƻƭǎ DǊƻǳƴŘ {ǘŀǘƛƻƴΩǎ 
reception by calculating satellite 
in range and tuning GS receiver 
to proper frequency

Server aggregates packets 
received from Ground Stations, 
decodes and makes data 
available thru Web UI and API

4300+ world wide 
Ground Stations 
forward received 
telemetry packets

Telegram BOT provides 
registration, usernames 
and passwords thru text 
message interactions



ÅThe project is based on ESP32 boards and is currently compatible 

with the www.Semtech.com SX126x and SX127x LoRa modules.

ÅCurrently officially supported and proven LoRa boards:
ÅHeltec WiFi LoRa 32 V1 (433MHz & 863-928MHz versions)

ÅHeltec WiFi LoRa 32 V2 (433MHz & 863-928MHz versions)

ÅTTGO LoRa32 V1 (433MHz & 868-915MHz versions)

ÅTTGO LoRa32 V2 (433MHz & 868-915MHz versions)

ÅTTGO LoRa32 V2 (Manually swapped SX1267 to SX1278)

ÅT-BEAM + OLED (433MHz & 868-915MHz versions)

ÅT-BEAM V1.0 + OLED

ÅFOSSA 1W Ground Station (433MHz & 868-915MHz versions)

ÅESP32 dev board + SX126X with crystal (Custom build, OLED optional)

ÅESP32 dev board + SX126X with TCXO (Custom build, OLED optional)

ÅESP32 dev board + SX127X (Custom build, OLED optional)

https://github.com/G4lile0/tinyGS

TinyGSSupported Hardware

https://www.espressif.com/en/products/socs/esp32
http://www.semtech.com/
https://github.com/G4lile0/tinyGS


LilyGoTTGO LoRa32 V2

https://www.aliexpress.us/item/2251832685763835.html?_t=pvid%3A60558c43-b4ca-4971-86aa-2639869bdc02

https://www.aliexpress.us/item/2251832685763835.html?_t=pvid%3A60558c43-b4ca-4971-86aa-2639869bdc02


https://github.com/G4lile0/tinyGS/wiki/Quick-Start

Initial Installer and
Configuration

https://github.com/G4lile0/tinyGS/wiki/Quick-Start


Ą

http://192.168.2.199/ (@K1RA)

Configuration
Options

Ą

Join TinyGSTelegram
https://t.me/joinchat/Dm
YSElZahiJGwHX6jCzB3Q

Then Search/open a chat with @tinygs_personal_bot and ask 

ñ/mqttò

http://192.168.2.199/
https://t.me/joinchat/DmYSElZahiJGwHX6jCzB3Q
https://t.me/tinygs_personal_bot


http://192.168.2.199/ (@ K1RA)

http://192.168.2.199/


K1RA FM18cr ςLilyGo TTGO LoRa32



K1RA FM18cr ςLilyGoTTGO LoRa32



K1RA FM18cr ςLilyGoTTGO LoRa32



K1RA FM18cr ςLilyGoTTGO LoRa32



K1RA FM18cr ςLilyGoTTGO LoRa32



https://tinygs.com/station/K1RA@6059973945

TinyGS.com Dashboard
Statistics for K1RA

https://tinygs.com/station/K1RA@6059973945


https://tinygs.com/station/K1RA@6059973945

TinyGS.com Dashboard for K1RA FM18cr

https://tinygs.com/station/K1RA@6059973945


https://tinygs.com/station/K1RA@6059973945

TinyGS.com Satellite Map for K1RA FM18cr

https://tinygs.com/station/K1RA@6059973945


https://tinygs.com/station/K1RA@6059973945

https://tinygs.com/station/K1RA@6059973945


https://tinygs.com/station/K1RA@6059973945

https://tinygs.com/station/K1RA@6059973945


https://tinygs.com/station/K1RA@6059973945

TinyGS.com Stats & Mapped Packets at K1RA FM18cr

https://tinygs.com/station/K1RA@6059973945


TinyGS.com Reception Details for K1RA FM18cr



TinyGS.com
Satellite Details



TinyGS.com NoVaStation Mapping Details



TinyGS.com Recent Satellite Reports



https://www.instructables.com/Ground-Station-for-LoRa-Satellites/

TinyGS
Ground Station

Build 
Instructions

https://www.instructables.com/Ground-Station-for-LoRa-Satellites/


https://youtu.be/d1ojiuuqhio

https://youtu.be/d1ojiuuqhio


https://meshtastic.org/

https://meshtastic.org/


MeshtasticDefinitions

ÅMesh = Nodes that communicate and repeats packets

ÅUser = Name of Node

ÅPreset = Modulation scheme

ÅHop = Relay, repeater count

ÅSlot = Frequency

ÅChannel = Chat room

ÅRoles = Client, Relay, Mix

ÅDevice Metrics = Node health, location, telemetry info



Meshtastic
ÅIs a digital, texting app built on Semtechbased LoRa radios 

ÅIt does NOT rely on the Cellular Network or Internet

ÅImplements encrypted Mesh Networking

ÅRuns on ESP32 (Espressif) or nRF52 (RAK) based processor

ÅRadios are using 902-928 MHz, 100mw, low data rate 0.09-10.94 kbps

ÅRadios are accessed via an iOS or Android device and app 

ÅRequires Smartphones or PCs + BlueStacksthat can run the Meshtasticapp

ÅApp talks to the radio via BlueToothor WiFi

ÅRadios/nodes act as relays/repeaters to build and extend a Mesh network



Common MeshtasticRadio Equipment Options

HeltecV3 LilyGoESP32 LilyGoT-Beam v1.x



Other MeshtasticRadio Equipment Options

LilyGoT-Echo LilyGoT-Deck



Other MeshtasticRadio Equipment Options

Raspberry Pi & LoRa HAT

nRF52 RAK4361
Solar Node



MeshtasticNetworking Details
ÅRegion (Country/Continent)

ÅRadio Modem Modulation Presets (sets Coding Rate bpsςBandwidthHz ςSpread / Link SNRdB)
ÅShort Fast (10.94k ς250K ς143dB), Short Slow (6.25k ς250K ς145.5dB)
ÅMedium Fast (3.52k ς250K ς148dB), Medium Slow (1.95k ς250K ς150.5dB)
ÅLong Fast (1.07k ς250K ς153dB), Long Mod (0.34k ς125K ς156dB), Long Slow (0.18k ς125K ς158.5dB)
ÅVery Long Slow (0.09k ς62.5K ς161.5dB)

ÅSlot (Frequency) 
ÅShortX& LongX= 104 slots
ÅVery Long Slow = 416 slots

ÅRole (Client, Repeater, Mix)

ÅMax Hop (# relaying nodes, Not including Source and Destination)

ÅChannel (Chat Groups / Default is Modulation Scheme Name) 

ÅPayload
ÅPreamble (wake) + 12 byte packet header (addressing, message number, ACK/NACK, encryption data)
Å237 byte max message (unused bytes not transmitted)

ÅάIŀƳέ ƳƻŘŜ
ÅAllows increased power 
ÅNO encryption





Long Fast / Slot 9 - MeshtasticNetwork Stats
Å40 Unique calls/names currently participating on the Mesh

Å90 Node names have been recorded on the Mesh @ K1RA FM18cr
Å12-24 active on any particular day/hour

ÅFurthest edge nodes of network:
ÅNorth = N4ACH Bull Run / N7XUI Aldie

ÅSouth = WRWE921 Culpeper / K3KQ Midland

ÅEast = KE4IDO Centerville

ÅWest = K1HTV Amissville

ÅNetwork coverage distance:
ÅNorth-South: ~20 miles

ÅEast-West: ~32 miles








