


Welcome!
1st Australian GNU Radio Days

Dr Derek Kozel - dkozel@gnuradio.org



GNU Radio

A framework and set of libraries to build and run digital signal processing applications, primarily software defined 
radio ones

Started in 2001

Libre and open source

Written in C++ and Python primarily

Available on Linux, Windows, and Mac

Used by a very wide variety of users

Commercial, hobbyist, government



QPSK Modulator and Demodulator





Brief History of GNU Radio

March 29, 2001
GNU Radio Registered on Savannah

September 10, 2010

2000 2005 2010 2015 2020

“The GNU Radio project began in 2001 and initial development was funded by John Gilmore and implemented by Eric Blossom. 
Later, additional work was completed as part of a United States National Science Foundation grant. The aim of the project was to 
make software radio technology more accessible with lower cost hardware and off-the-shelf computers.”  

“We're moving the analog to digital 
converter as close to the antenna as we 
can get it, and then handling the rest in 
software.”

January 1, 2004
GNU Radio Release 0.9

Tom Rondeau becomes Project 
Lead

- Jonathan Corgan 
https://lwn.net/Articles/336676/ 

October 19, 2001
Matt Ettus shares idea for “The ultimate 
SDR” with GNU Radio Mailing List

“I've been thinking about SDR for a while now, 
both as a HAM, and an EE in the  communications 
profession.  What I would like to build is the 
hardware for a generic SDR”

January 7, 2007
Josh Blum shares his “GNU Radio 
Companion or GRC” project with 
GNU Radio Mailing List

September 14, 2011
First Annual GNU Radio Conference 
(GRCon) begins in Philadelphia, PA

March 14, 2016
Ben Hilburn becomes Project Lead
Jonathan Corgan becomes Maintainer

“I have been working on a 
graphical interface for gnu 
radio.”

September 8, 2020
The GNU Radio Project joins 
the SETI Institute

October 8, 2020
GNU Radio Project 
General Assembly is 
formed.  Derek Kozel is 
elected as first President

June 29, 2013
GNU Radio Release 3.7

January 31, 2018
Marcus Mueller becomes Project 
Maintainer

https://lwn.net/Articles/336676/




What is the GNU Radio Project?

The codebase of the core, VOLK, and SigMF

The dozens of supporting projects and infrastructure

The active contributors

The ecosystem of modules, applications, and interfaces

This conference, EU GNU Radio Days, other events

You - everyone that is interested in making open source software radio even better



Where is GNU Radio Used
Wireless Communications

IOT and Sensors

RADAR

Security Research

Education

Radio Astronomy

Space Comms

4G/5G/6G

Public Safety

Transportation

Medical

Recreation (CtF)

Spectrum Monitoring

Amateur Radio

Particle Accelerators

Citizen Science

. . .
Weather

Physics Research

RFML







High Speed modem on QO100

Developed by Daniel Estévez EA4GPZ

32 APSK, similar to DVB-S2(X)

Expected datarate of ~11 kbps



Precision Satellite Tracking

Passive Radio Frequency Techniques & Demonstration for Space Domain Awareness
Zach Leffke, Kevin Schroeder, Matthew Phelps, Justin Fletcher, 2024





Precision Satellite Tracking



How is GNU Radio Governed?

GR BOARD
MARC LICHTMAN - VP

JOSH MORMAN - PRESIDENT

MARCUS MUELLER - VP

DEREK KOZEL - PI



General Assembly

Martin Braun - Community/Ecosystem

Andrej Rode - Infrastructure

Bastian Bloessl - Architecture

Johannes Demel - VOLK

Jeff Long - Maintenance

Seth Hitefield - GRC

Josh Morman - President

Marc Lichtman - Vice President 

Derek Kozel - SETI PI

Marcus Müller - Chief Architect / Lead Maintainer

Nate Temple - Community

Philip Balister - Embedded

Samantha Palazzolo - GRCon 

Jacob Gilbert - SigMF

Jean-Michel Friedt - Academic Engagement

Ben McCall - Documentation

John Sallay - GR 4.0 

Cyrille Morin



Teams

GNU Radio Conference - grcon@gnuradio.org

Architecture -  architecture@gnuradio.org

GRC - grc@gnuradio.org

Documentation - docs@gnuradio.org

SigMF - sigmf@gnuradio.org

VOLK - volk@gnuradio.org

Infrastructure - admin@gnuradio.org

Education and Academic Outreach - education@gnuradio.org

Remember - GNU Radio is a completely 
volunteer run organizations



GNU Radio Maintenance

Jeff Long has officially stepped down as maintainer

Marcus Mueller officially has taken on the lead maintainer role

Looking for additional maintainers! 

- Be a recognized part of the maintenance team
- Own a module or group of modules (e.g. gr-qt, gr-soapy, gr-zeromq)
- Be responsible for ensuring relevant PRs are reviewed and merged
- Help backport merges to maint-3.10

Email: info@gnuradio.org for more information
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mailto:info@gnuradio.org


Packaging

Installing GNU Radio has gone 
from headache to trivial over the 
past several years

Thanks to the packagers in our 
community

Debian(/Ubuntu) - Maitland Bottoms

RadioConda - Ryan Volz

…



Getting Involved

Join Chat - https://chat.gnuradio.org

Join the Mailing List - discuss-gnuradio

File issues - https://github.com/gnuradio

Review issues, add details, recreate ones

Improve the tutorials - https://tutorials.gnuradio.org

Give a talk about GNU Radio - ~1200 publications in 2024 mentioning GNU Radio

https://chat.gnuradio.org
https://github.com/gnuradio
https://tutorials.gnuradio.org


Getting Involved



Latest GNU Radio Project Releases

GNU Radio 3.10.12

- GRC-QT Parity
- UHD/RFNoC
- Other tooling updates

VOLK 3.2.0

- New/improved kernels
- Modernized CI
- Improved tests

SigMF v1.2.5

- Spec fixes and updates



SigMF

Standardized Data Format
- Common way to describe IQ Data 

captures with metadata
- Portable format - widely adopted

Training and Evaluation Pipeline
- Unified input format for ML training, 

validation, testing
- Simplified integration with frameworks 

like PyTorch

Applications
- RFML, Spectrum Sensing, signal 

identification, …



SigMF Meta file
{
    "global": {
        "core:datatype": "cf32_le",
        "core:sample_rate": 1000000,
        "core:hw": "PlutoSDR with 915 MHz dipole",
        "core:author": "Art Vandelay",
        "core:version": "1.2.0"
    },
    "captures": [
        {
            "core:sample_start": 0,
            "core:frequency": 915000000
        }
    ],
    "annotations": [
        {
            "core:comment": "NID1 = 0",
            "core:freq_lower_edge": 1875986518.88,
            "core:freq_upper_edge": 1877891518.88,
            "core:label": "PSS",
            "core:sample_count": 548,
            "core:sample_start": 147201
        },
    ]
}





FOSDEM 2025



EU GR Days 2025



US GNU Radio Conference 2025



SETI Hackathon

Sponsored by ARDC

Allen Telescope Array



SETI ARISE

agiseti.com

http://agiseti.com


Available now!
https://a.co/d/cXoltKj

https://a.co/d/cXoltKj


Practical SDR - No Starch Press https://a.co/d/9QlvQMv

https://a.co/d/9QlvQMv


Matrix Chat room for Educators

chat.gnuradio.org

education@gnuradio.org

http://chat.gnuradio.org
mailto:education@gnuradio.org


Project Vision

STRENGTHEN

SPREAD

SUSTAIN

Ongoing improvement of the core framework

Grow and expand the reach of the project

Keep the ecosystem healthy and active



➔ GNU Radio Conference

➔ Grants

➔ Donations

➔ …

➔ Sustainability

GNU Radio Funding



Google Summer of Code

This year we had 4 sponsored 
projects!

Thanks to Google, the students, and 
the mentors



Fund your projects/ideas through grants
Small Grants through GNU Radio - $5-$15k
Nov. 15 Deadline - info@gnuradio.org



How to Support GNU Radio

Get Involved

Advertise that you use GNU Radio

Write a letter of support

Publish a whitepaper

Join a team



Technical vision remains unchanged

 … but is starting to become reality

From GRCon22



GR 4.0 Timeline

2019: Benchmarking of GR 
scheduler, identification 
of optimization 
opportunities.  Attempts 
to implement in current 
codebase

2020: newsched project - 
fresh start on 
architectural concepts

2020: SDR 4.0 - enhance 
GNU Radio capabilities on 
to heterogeneous 
compute platforms

2022: GSI/FAIR commits 
resources and takes on 
deeper changes to 
scheduler and API

2024: EU GR Days - @GSI/FAIR 
hands on workshops 

2022: GRCon22 - newsched 
modularity and usability 
demonstration

dev-4.0

2024: EU GR Days - 
Demonstration of packet 
modem in GR 4.0



Permissive Licensing

Our goal is for free and open software defined radio to get into the 
hands of as many people as possible.

GNU Radio is boxed out of many ecosystems because of (often 
misunderstood) GPL constraints

GR4 will have a permissive MIT licensed core and minimal blockset

Allows derived works to be licensed at the discretion of the author

- We envision a healthy GPLv3 ecosystem of OOT modules

Gain access to new applications / markets / ecosystems

Note: no relicensing of GR3 - ported code will remain GPLv3



The future of the GNU Radio framework

Imagine … 

GNU Radio that is suitable for mission critical and 
enterprise grade applications

GNU Radio flowgraphs that can be designed as 
prototypes and be deployed as products with 
minimal additional effort

GNU Radio development workflows and data 
pipelines that better enable AI tools and AI/ML 
applications



Mission Critical

GR4 was developed as the measurement and 
sample processing solution for the particle 
accelerators at FAIR

Designed to run on critical infrastructure, and 
thus meet higher standards for safety, 
cybersecurity, and product liability.

● Redesigned from the ground up
● Modern C++ and Best Practices
● Lean, clean codebase
● High throughput and low latency

demands





From prototype to deployed product

Block based development is a powerful concept - rapid application 
development based on modularity, reuse - but how well can a general purpose 
framework allow this to become a “product”

How these blocks get executed is highly dependent on the runtime framework

- Optimal scheduling across available compute resources
- Custom scheduler to meet application needs

- Heterogeneous compute
- Custom buffers to suit specific compute resources

- Maximize CPU performance
- Lock Free buffers, constexpr optimization, std::simd standardization, Block Merging



GR4 Killer Features

Lean on compiler for efficient optimizations

Type strictness and constraints

Code is single source of truth

SIMD and Merge API

Direct testing of blocks without flowgraph

Lock free circular buffers

Modular Scheduling

Ease of Development



GR4 in practice

This is a completely functional GR4 block



GR4 as a low barrier entrypoint for AI enabled SDR

AI-enabled SDR starts with an easy to use, high-performance framework.

Without a stable, performant core, developers waste 
time reinventing DSP chains, schedulers, and I/O 
handling.

GR4 provides a production-grade signal processing 
engine so AI-generated code and AI-driven waveforms 
can focus on innovation, not reimplementation.

A shared foundation means AI models and outputs are 
immediately deployable and interoperable with other 
SDR components.

AI Generated Code / 
Waveforms

GR4 Core 
Runtime/Scheduler

Hardware & I/O

ML Model 
Blocks



AI Ready Data Model

PMT Tensors: superset of vectors with shape, dtype, rank.

Fits naturally with PyTorch, TensorFlow, ONNX workflows.

Rich metadata (time/frequency/antenna) travels with data → training & 
inference ready.

PMT typed ports: simplify sending structured data between blocks

More sane PMT API - modern, canonical C++

GR4 Block

GR4 Inference 
Block



Data Movement and Compute Placement

Custom buffers and zero-copy GPU/accelerator paths.

- Custom Buffer architecture in place
- SYCL as one prototyped option for compute abstraction

Modular schedulers allow a vast ecosystem of custom and future 
domain-specific schedulers 

- Async & batch execution to match AI inference engine behavior.



Graph-Based Signal-Flow Description
GR3.x→4: multiple compute domains & inverted scheduler paradigm Block → Graph

sink #7
<CPU>

source #1
<CPU>

sink #3
<CPU>

block #4
<GPU>

sink #N
<GPU>

block #6
<GPU>

sub-flow-graph: e.g. CPU scheduling domain

sub-flow-graph: e.g. GPU scheduling domain

block #2
<CPU>

sink #8
<CPU>

block #5
<CPU>

edge<T
>

Buffer<T
>

Bloc
k

Port<T>
Port<T>

flow-graph (global scheduler)
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block#4:work() → block#6 → ...
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μ-controller,  
AI-accelerator, TPUs



Latest GR4 Features
New/properly integrated features 

● custom user-defined scheduler
● low-latency schedulers (< ~10 us worst-case latencies, chain of 5 blocks)
● message passing API to read/write/modify graphs from a non-C++ context (important for GUI developments)
● fully compile-time static/runtime polymorphic (plugin) block API
● unmanaged + managed (WIP) polymorphic sub-graphs (plugin-API)
● ... finalising the Buffer, Port, Block, Graph, Scheduler API, ...
● ... reduced the overhead for tag-processing (~35M tags/s possible)
● ... feedback-loop integration (WIP)
● new <simd>-FFT (MIT-licensed, as-fast/faster than FFTW)

Tentative proof-of-concepts:

● tentative Windows support (Chris Gorman et al.)
● SYCL integration (GPUs, FPGAs, ...)
● ONNX integration (vendor-neutral ML integration) -> needs user-driven examples
● Tensor<T> support (John Sallay et al.)



Goals for GR4 - to be broadly adoptable

CORE BLOCKS/MODULES SUGAR PACKAGING UI/UX



Low Hanging Fruit

What are some things that the community could jump on right now

Blocks / Modules

- Porting things from GR3
- SigMF
- ONNX, other AI model frameworks

REST/HTTP Integration

Example flowgraphs - AM/FM/Digital modulation/demodulation

Performance Benchmarks



How to Engage

Architecture Working Group - 

● This is where we discuss what is going on with GR4
● 4th Thursday of every month (mostly) - 12PM ET
● https://groups.io/g/gnuradio-scheduler

○ To get meeting invites
● #Architecture Channel on chat.gnuradio.org
● Topics:

○ We would like to have more community driven topics - show what you are doing with GR4, 
issues you might be running into, how you would like to use it

○ Apart from that general updates and feature planning

https://groups.io/g/gnuradio-scheduler
http://chat.gnuradio.org


Community Maintainership

Goal is to transition ownership / maintenance to the GNU Radio community

“The Core”

Standard Blocks

Runtime Schedulers

Build Framework

Traditional GR Users

Pa
rti

cle
 Acce

ler
ato

r

Sp
ec

ific b
lock

s

Custom Middleware/UI

Wireless Comms 
blocks

Radio drivers

Documentation

Tutorials

Python Bindings

GRC



Let’s Make this a Reality!

Reach a level of community maintainership

Expand the blockset (join the GR4 block tutorial 
tomorrow, and hackfest Friday)

Create new and exciting applications that 
demonstrate the functionalities and performance 
advantages



Contact

➔ dkozel@gnuradio.org

➔ Matrix: dkozel:gnuradio.org

➔ Bluesky: @derekkozel.com


