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Holoscan and 
DAQIRI

What’s a Daqiri? Is it already that time 

of day?



• Holoscan: A data movement and GPU processing framework by Nvidia

– Open Source, Permissively Licensed

– Composable architecture, block-based design (“one block per function”)

– All right, let’s be real, this is GNU Radio for GPUs

– Ideal for Ethernet-based I/O, good for streaming applications

– Developers focus on building IP blocks (GPU algorithms), data movement and

memory management is handled by the framework

– Can be used with Ethernet-capable devices, USRP is a great candidate for

interoperability

– Has a Python and a C++ API, those are not (yet?) interoperable

• Daqiri: The I/O library that handles data movement

– “Data Acquisition for Integrated Real-time Instruments”

– Was originally part of Holoscan, and they connect well

What are Holoscan and DAQIRI?

Nvidia Holoscan

NEW: Daqiri

I/O Library
Your 

Device

[Luigi Cruz, GRCon ‘24]



GNU Radio <-> Holoscan Comparison

GNU Radio Holoscan

• Scheduler stems from the early 2000s, but very stable API

• CPU focused, very portable

• Focus on radio/DSP

• Switch between C++ API / Python API / GRC, combine 

components from all language domains

• Very mature and comprehensive block library, both in-tree 

and out-of-tree

• Between CGRAN and github: Easy to find out-of-tree 

modules

• Modern architecture, but APIs change frequently

• Made for use with Nvidia GPUs

• Comes from medical imaging (?), applications very varied

• No GUI whatsoever, even visualizations are highly limited, 

C++/Python not interoperable

• Extension community not well established, Nvidia not focused on 

building out open-source block library

• Holohub is the main extension repository, where all users 

upstream their extensions/applications/examples



• Assumption: You are using lots of Nvidia-compatible hardware (GPU, 

ConnectX NIC, ideally DGX/IGX/RTX machines)

• Daqiri abstracts different transport modes (e.g., RDMA, raw UDP + 

DPDK, …) to easily enable GPUDirect support for your external sensor 

(e.g., your SDR)

• If you get it installed on your system, and the hardware allows it, then 

you can easily stream data rates of 2000 Msps (8 Gbyte/s) or more 

directly into your GPU memory space

• Runtime configuration options are provided through a YAML file

Daqiri: Abstracting the I/O



Examples: config.yml and main app



Holoscan-Based 
Applications



• We wanted to see if Holoscan gives us anything useful

• We used the raw UDP streaming feature of the USRP to

produce a high-rate output that could be ingested by

Holoscan

• Various platforms were tested

• As a stand-in for an SDR app, we simply ran a 20k FFT

• Full rate of X440 (2000 Msps) could be streamed without

losing data

• Uses DPDK for data transfer, blocks CPU cores

• This could be useful!

It all started with a PoC…



• Spectrum Viewer: Super-simple demo that enables SDR users to get 

started with Holoscan

• Uses Holoviz for visualization

• No sample ever leaves GPU memory!

• Available on Github/Holohub! (Thanks to our intern Abhiram!)

USRP Spectrum Viewer



• Currently, lots of limitations:

– No flow control support: You must make sure the GPU algorithms can handle all incoming data, or data is lost and bad things happen

– No Tx support: Consequence of no flow control

Limitations



SAGE TRUDEAU, BRANDON NGUYEN, DIVYADHARSHINI MURUGANANDHAM, KAUSHIK CHOWDHURY

ARGUS



How do we deploy real time RF-AI models in the wild?

ARGUS addresses whether the end-to-end wideband system can keep
up with data delivery to RF AI models at all





Control Setup

Waveform Library

QSFP+ 100GE

RF Coax

USRP X410 USRP X410

DGX Spark

ARGUS Framework





Deployment Setup

QSFP+ 100GE

Wideband Antenna

USRP X410

DGX Spark

ARGUS Framework



Stress Testing Detectors

Out of Distribution 

Environment
• Fine-tuned DINO localizes 

several weaker structures 

near the visible noise 

floor

• Coherent power primarily 

captures strong 

emissions

• YOLO produces larger 

box-shaped regions and 

misses several 

narrowband structures.



• Can you see the QPSK 

signal in the orange 

region?

• DINO can!

Stress Testing Detectors

Low SNR Conditions

DINO-FT shows impressive capability to 

localize signal region below the noise



Demo



GNU Radio and 
GPUs



• GPUs and SDRs go way back, but the first “big bang” was probably

fosphor (and gr-fosphor) by Sylvain (OpenCL-based)

• Mike P. (among others!) talked about accelerating blocks with 

GPUs as early as 2017

• DARPA + BlackLynx bring us custom buffers, and with that comes 

gr-cuda

• Adam T. and his gang have been coming to GRCon for a while 

now, showing off new tools for use with SDRs

• Luigi keeps building crazy cool apps that build on GPUs (among 

other things)

• JohnS and Beecubed provide tutorials for gr-cuda

• I probably forgot loads of people

• Kudos, shoutouts, respect, and all the appropriate credit to all these 

folks!

A brief history…



gr-cuda  Daqiri

GPU CPU

Goal

- Move, process and visualize I/Q data (500 Msps). All on GPU!

Current State

- Integrated DAQIRI into GNU Radio ecosystem

- Created FFT, magnitude and log conversion blocks (similar to Holoscan)

- Able to achieve 90% full functional GPU pipeline, “only” visualization missing

https://github.com/gnuradio/gr-cuda 

What’s missing?

- Idea: visualization using CUDA interop (CUDA + openGL)

- Add remote streaming configuration as GNU radio block

CUDA 

Interoperability

https://github.com/gnuradio/gr-cuda
https://github.com/gnuradio/gr-cuda
https://github.com/gnuradio/gr-cuda


gr-cuda  Daqiri

Goal

- Move, process and visualize I/Q data (500 Msps). All on GPU!

Current State

- Integrated DAQIRI into GNU Radio ecosystem

- Created FFT, magnitude , log conversion and visualization blocks (similar to 

Holoscan)

- Able to achieve 100% full functional GPU pipeline with maximum I/Q data 

(1500Msps)

https://github.com/gnuradio/gr-cuda 

What’s missing?

- Add remote streaming configuration as GNU radio block

CUDA 

Interoperability

https://github.com/gnuradio/gr-cuda
https://github.com/gnuradio/gr-cuda
https://github.com/gnuradio/gr-cuda


That’s all for now

• Bottom line: There are great ways for SDR/GPU integration

• This is all pretty new

• gr-cuda blocks: We still need to figure out open-sourcing mechanics

• Please pester us with questions!
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