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SatNOGS in a nutshell

• Ground Stations Network
• Modular setup
• SDR based RF
• Complete open source stack
• VHF/UHF, L-Band, S-Band

(expanding to X-band)
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SatNOGS-COMMS transceiver

• Co-funded by LSF and ESA

• UHF and S-Band dedicated
transceivers

• STM32H7 main MCU

• ZYNQ-7020 FPGA

• Suitable for LEO up to 600 km

• Fully open software and
hardware

• Seamless SatNOGS Network
integration

• Suitable for a wide range of
Cubesat missions 2



SatNOGS-COMMS transceiver
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RF Frontend

• UHF: 395 – 450 MHz

• S-Band:
• Rx: 2025 – 2110 MHz
• Tx: 2200 – 2290 MHz
• Radio amateur bands support upon request

• Tx Power: 26 - 32 dBm (1 dB step)

• SFCG 21–2R4 compliant emissions

• Low noise figure (1.4 dB)
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RF Frontend: UHF
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RF Frontend: S-Band
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IO Interfaces

• 2× CAN-2.0

• 1× SPI up to 8 Mbps

• 1× I2C

• 3× UART

• 1× RGMII Ethernet

• 2× antenna deployment
interfaces

• Reference clock and PPS inputs

• PC/104
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Missions: Curium-1 on Ariane 6!

1
1www.camras.nl/blog/2024/satelliet-curium-one-gezien-vanuit-dwingeloo
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Missions: PHASMA LAMARR & DIRAC

• SatNOGS-COMMS will be used in
PHASMA , a 2× 3U Cubesat mission
for spectrum monitoring

• One board for OBC/TC&C, another
for spectrum monitoring

• Q3 2025, on Transporter-15
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Onboard Software
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Onboard Software: libsatnogs-comms

• Platform-agnostic

• Available as CMake
interface library

• C++17 everywhere!

• Abstract interface based
on pure virtual methods
for platform specific
operations
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Onboard Software: Zephyr-RTOS

But why?

• Modern

• Huge community

• Actively developed

• Modular

• Large number of modules

• CMake

• Devicetree (please don’t shoot me!)
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Onboard Software: Zephyr-RTOS

Zephyr-RTOS Components in use
ADC DAC GPIO

UART Async SPI i2c
retention sensors emmc & disk access

GNSS settings RTC
hwinfo console nanopb
LittleFS Task Watchdog CAN & ISOTP
sysbuild MCUBoot with XIP twister

And many more!
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Devicetree

• Support multiple hardware versions as
development progresses

• Customization options for different
missions though overlays

• Together with the libsatnogs-comms
abstraction layer, provides a bulletproof
code base even if the SoC changes
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Devicetree

Currently we support more than 30 different configurations for various IO
interfaces and subsystems that a satellite mission may require with ZERO
code modifications!

2

2https://librespacefoundation.gitlab.io/satnogs-comms/
satnogs-comms-software-mcu/group__customization.html
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C++. This is the way!

The use of C++ contributes significantly towards a reliable system that
must operate unattended

• Better code organization through polymorphism

• Safer abstraction layers (no need for weak or function pointers)

• RAII (Resource allocation is initialization) idiom
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C++. This is the way!

• References instead of pointers

• Template metaprogramming FTW!

• Readable and maintainable compile time checks through constexpr

• Exceptions instead of error codes

17



C++. This is the way?

Challenges?

• STL and dynamic memory allocation -> No go for space!

• RTTI is not an option for the majority of embedded devices

• Even exceptions in not an option for flash limited devices
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What about the STL?
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etlcpp to the rescue!

• etlcpp is an STL-like library that makes 0 dynamic memory allocation

• Maximum memory is known at compile time

• No RTTI

• Fully templated

• STL API compatible

• Multiple available approaches for error handling
• Exceptions
• Error codes
• ghosting

• https://www.etlcpp.com
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Error handling

• Error identification and recovery
is one of the most critical
aspects of a satellite software

• Errors should be also logged for
the operator to be able to
troubleshoot from ground

a

aSTC-41C repair mission of Solar Max
satellite, 1984
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Error handling

• std::exception

• Unified error/logging system

• 4 different backends:
• SWO
• Ring buffer
• eMMC storage
• BACKUP_SRAM

• Exceptions of different severity level
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Error handling
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Error handling
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But exceptions makes the code slow right?

Took 25 ticks

Took 24 ticks

Took 24 ticks!

Took 94 ticks!

Took 24 ticks!
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More info

• #satnogs-comms:matrix.org

• gitlab.com/librespacefoundation/satnogs-comms

• https://libre.space

• info@libre.space

See you at the booth!
Come and visit our booth at K Level 2!

Swag available!
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