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GPU Accelerated Sensor Processing
Sensor Processing Solutions for the Scientific Python Community

2020 2022

2019

cuSignal Released as 

Part of NVIDIA RAPIDS

2021 2023

2024

NVIDIA Holoscan Released 

as Domain and Sensor 

Agnostic Platform

cuSignal Transitions to 

CuPy v13 thanks to a CZI 

Essential OSS for Science 

Grant and Quansight

Luigi Cruz Releases CyberEther for Multi-

Platform GPU-Accelerated SDR Applications



Challenges in Real Time Sensor Processing

Front end signal processing is typically separated from data processing via storage

• Many architectures collect snapshots and store to disk, with developers and operators using offline data 
for analysis, slowing time to scientific insights

• Existing frameworks for online processing are hardware defined and challenging to scale

Demanding data-rates and real time requirements

• Next-generation instruments are delivering O(Tbps) scale, particularly as the size of the instrument 
increases

Compute intensive algorithms

• Correlation (aggregating data from multiple antenna feeds) requires O(N^2) compute

Massive volumes of processed data, nascent AI research

• AI techniques for anomaly detection, sensor command and control, signal identification, etc reduce data 
storage costs and provide developers with faster and better data insights



Anatomy of a Sensor Processing Workflow
A Vision of Towards Self Driving Instruments and a Science Programmable Edge

Edge GPU (xN)

Sensor

Data aggregation and 
reduction, domain 
specific transforms

Pre-Processing / 
Data Filtering

Apply pre-trained AI 
model to data 

stream to drive real-
time analytics and 

experiment

AI Inferencing

Apply domain 
specific data 

transformations

Post-Processing

Show AI-augmented 
results to 

operator/user

Visualization

Real Time Insights and Automatic Sensor Control

Analysis & Storage

Digital Twin / 
Simulation

AI Training

Edge

Datacenter

Cloud

Scale, Resiliency, and Sensor Fusion



A Sensor Processing Engineer’s Wish List
Andrew Siemion, Bernard M Oliver Chair – SETI Institute

An extensible framework allowing near-theoretical peak-UDP network ingest of sensor data 
to heterogeneous compute infrastructure that is:

• Well documented

• Extensible

• Compatible with upgradable commodity hardware

• AI-ready

• Scalable to Tbps data rates with 1,000 – 100,000 sensors

• Multicast capable

Holoscan Developer Day, GTC 2024, Starting ~39-minute Mark

https://register.nvidia.com/flow/nvidia/gtcs24/attendeeportal/page/sessioncatalog/session/1700248989187001E4DN



Holoscan

AI-Enabled, Real-Time Sensor 
Processing Platform



NVIDIA Holoscan
SDK for Building AI-Enabled Sensor Processing Applications

▪ C++ and Python APIs for 
domain agnostic sensor data 
processing workflows

▪ Multi-Node and Multi-GPU 
support with advanced 
pipeline scheduling options 
and network-aware data 
movement

▪ AI Inference with pluggable 
backends such as ONNX, 
Torchscript, and TensorRT

▪ Scalable from Jetson Orin 
Nano (ARM + GPU) to DGX 
(x86 + H100)

▪ Apache 2 Licensed and 
Available on GitHub

Features

▪ Simplifies sensor I/O to 
GPU

▪ Simplifies the performant 
deployment of an AI model 
in a streaming pipeline

▪ Provides customizable, 
reusable, and flexible 
components to build and 
deploy GPU-accelerated 
algorithms

▪ Scale workloads with 
Holoscan’s distributed 
computing features

▪ Deploy to the Cloud with 
Holoscan App Packager and 
Kubernetes

Benefits

GitHub

https://github.com/nvidia-holoscan/holoscan-sdk


Holoscan Fundamentals

Node / GPU 0 Node / GPU 1

Operator 1

Operator 2A

Operator 2B

Operator 3 Operator 4 Operator 5 Operator 6

Fragment 1 Fragment 2

Network-Aware Data 

Movement with UCX

Holoscan Fragments define hardware locality of a given series of connected 

Operators. Data movement within a Fragment is facilitated via shared GPU pointers

Holoscan Applications are built by forming a graph of either core or custom 

Holoscan Operators. Operators are the fundamental unit of work in Holoscan and 

can define I/O, AI inferencing, visualization, and accelerated computing functions

Schedulers

Greedy Scheduler
Multi-Threaded 

Scheduler

Uses single CPU thread to 

launch operators in a 

pipeline sequentially

Can pin operators to a specific 

CPU thread for async execution 

and pipeline parallelism

Profiling Tools

Data Flow 
Tracking

Tracks data latency as a 

packet/frame moves through a 

Holoscan application

Nsight Systems

Observe overall application 

behavior and performance

Event Based 
Scheduler

Multi-Threaded scheduler 

that waits for events rather 

than polling for status



Holohub
Sample Holoscan Applications, Tutorials, 
and Helpful Operators

IO: UDP Ethernet, Lidar, High Speed Cameras, SDR, SAR, 3D Volumes

AI: Segmentation, Tracking, AR/VR, LLMs

Tools/Tutorial: MATLAB, MONAI, Playground on AWS, Scaling Apps 

GitHub



Holoscan Networking Operators



Holoscan Network Operators
Simplification of Moving Data to and From GPU

Basic Network Operator Advanced Network Operator

Focus on Simplicity: TCP/IP to and from GPU at 

< 10Gbps

Focus on Performance: Any Ethernet Packet (UDP, 

VITA-49, etc) to and from GPU at Line Rate

Uses Linux Sockets to provide a common interface to 

send and receive data

Works on all Linux distributions and network cards

Kernel provides protocol stacks, freeing the user from 

worrying about retransmits, headers, etc

Cannot achieve line rate on modern NICs

Bypasses Linux kernel for access directly to NIC DMA 

buffers

Requires a Mellanox/NVIDIA Network Interface Card (NIC)

Zero-copy interface from NIC into user buffers or 

directly to GPU using GPUDirect via standard UDP 

packets (no RDMA protocol needed!)

Python bindings are in progress

BNO RX
Custom Op

FFT
VizUDP

5 Gbps

ANO RX
Custom Op

FFT
VizUDP

200 Gbps

Learn more about the BNO on Holohub Learn more about the ANO on Holohub

https://nvidia-holoscan.github.io/holohub/#model_basic_network
https://nvidia-holoscan.github.io/holohub/#model_advanced_network


Basic Network Operator
Receiving Data from External Ethernet Source

GitHub



Holoscan Compute Operators



Custom Operator Class

Tap Into A Sensor Stream with GPU Accelerated Python Packages
Connect Domain Specific Algorithms with Real Time Sensors

class ResampleOp(Operator):

     def __init__(self, *args, **kwargs):

          up = 2

          down = 3

          # Call base constructor class

          super().__init__(*args, **kwargs)

     def setup(self, spec: OperatorSpec):

          spec.input(“in_sig”)

          spec.output(“out_sig”)

     def compute(self, op_input, op_output, context):

          sig = op_input.receive(“in_sig”)

          resample_sig = cusignal.resample_poly(sig, up, down)

          op_output.emit(resample_sig, “out_sig”)

Polyphase
Resampler

in_sig out_sig

Holoscan Operator (Python)

Define Input / Output Ports

Receive Message from Input Port

Emit Message from Output Port

New in v2.2: Decorators for Operator Creation

from holoscan.decorator import create_op

@create_op(inputs=‘in_sig’, outputs=‘out_sig’)

def resample_poly(in_sig, up, down):

 out_sig = cusignal.resample_poly(in_sig, up, down)

 return out_sig



Holoscan AI Inferencing Operator



AI-Based FM Demodulation
Using Holoscan to Transform a Classical Sensor Processing Pipeline with AI

I/Q 
Samples

Buffer 
Radio I/Q 
Samples in 

GPU 
Memory

Pointer

Convert 
Buffer to 

CuPy Array
Pointer FM Demod Pointer

Polyphase 
Resample

Receive I/Q 
Stream 
from 

SoapySDR

cuSignal cuSignal

Move to 
CPU

Write to 
PyAudio 
Queue

Python

Classical Holoscan Software Pipeline

I/Q 
Samples

Buffer 
Radio I/Q 
Samples in 

GPU 
Memory

Pointer
AI Inference 

Operator
Move to 

CPU

Receive I/Q 
Stream 
from 

SoapySDR

Write to 
PyAudio 
Queue

Python

AI Enabled Holoscan Software Pipeline

Reduce Computation (no more resampling!)

Data Movement is Unchanged (same overall pipeline)



AI Inferencing Operator
Behind the Scenes of FM Demodulation with a 
Trained Neural Network

GitHub



Holoscan Visualization with Community Tools



Deep Space Demonstration
Allen Telescope Array Holoscan Pipeline with CyberEther

CyberEther 

GitHub



Deep Space Demonstration
Allen Telescope Array Holoscan Pipeline

Tianwen-1

Mars Odyssey



Putting it all Together: 

Holoscan at the
Allen Telescope Array



Allen Telescope Array
Hat Creek, CA



Data Processing
Current Pipeline

Digital Signal Processing

Cluster

EACH

2x AMD EPYC

2x NVIDIA A5000 (24 GB VRAM)

2x NVIDIA MELLANOX Dual 100G NIC

2x 8TB NVMe Cache

Digital Signal Processing

Cluster

EACH

2x AMD EPYC

2x NVIDIA A5000 (24 GB VRAM)

2x NVIDIA MELLANOX Dual 100G NIC

2x 8TB NVMe Cache

Analog

Cluster

EACH

Xilinx RFSoC FPGA

12 GHz 8-bits ADCs

100G Networking

Digital Signal Processing

Cluster

EACH

2x AMD EPYC

2x NVIDIA A5000 (24 GB VRAM)

2x NVIDIA ConnectX Dual 100G NIC

2x 8TB NVMe Cache

BLADE
GPU-based

HPGUPPI
CPU-based

HPGUPPI
CPU-based

On-Site DSP Room

61 GHz

(~1 Tbps)



Data Processing
Future Pipeline

Digital Signal Processing

Cluster

EACH

2x AMD EPYC

2x NVIDIA A5000 (24 GB VRAM)

2x NVIDIA MELLANOX Dual 100G NIC

2x 8TB NVMe Cache

Digital Signal Processing

Cluster

EACH

2x AMD EPYC

2x NVIDIA A5000 (24 GB VRAM)

2x NVIDIA MELLANOX Dual 100G NIC

2x 8TB NVMe Cache

Analog

Cluster

EACH

Xilinx RFSoC FPGA

12 GHz 8-bits ADCs

100G Networking

Digital Signal Processing

Cluster

EACH

2x AMD EPYC

2x NVIDIA A5000 (24 GB VRAM)

2x NVIDIA ConnectX Dual 100G NIC

2x 8TB NVMe Cache

HPGUPPI
CPU-based

HPGUPPI
CPU-based

On-Site DSP Room

61 GHz

(~1 Tbps)

NVIDIA Holoscan

BLADE
GPU-based



Future
Extending the ATA’s Capabilities with Holoscan 

Advanced 

Network

Operator 

ConnectX

UDP Packet 

Sorting Operator
BLADE 

Beamforming

Operator

BLADE 

Correlator

Operator

De-Doppler

Drift Search

CyberEther

Visualization

TensorRT 

ML Inference

GPUDirect NVMe

Observation Data

GPUDirect NVMe

RAW Voltage Data

Playback Cache 



Getting Started



Getting Started with Holoscan

Holoscan References

https://github.com/nvidia-holoscan/holoscan-sdk

docker pull nvcr.io/nvidia/clara-holoscan/holoscan:v2.2.0-dgpu

pip install holoscan

https://docs.nvidia.com/clara-holoscan/sdk-user-guide/index.html

Debian Packages available on NGC

https://github.com/nvidia-holoscan/holoscan-sdk
https://docs.nvidia.com/clara-holoscan/sdk-user-guide/index.html
https://catalog.ngc.nvidia.com/orgs/nvidia/teams/clara-holoscan/resources/holoscan_dev_deb


Holoscan Bootcamp and Open Hackathons
Half Day Free Tutorial – September 24th, 2024 – 1pm – 5pm Eastern

Register Here



SETI Institute
Join the Search for Intelligent Life!

The SETI Institute is a non-profit research organization, located in 
the Silicon Valley close to the NASA Ames Research Center. Our 
mission is to lead humanity's quest to understand the origins and 
prevalence of life and intelligence in the universe and share that 
knowledge with the world.

• Check seti.org/jobs for open positions (researchers, data-analysis, 
etc).

• Apply to became an affiliate or investigator at seti.org/become-pi-
or-affiliate.

https://www.seti.org/jobs
https://www.seti.org/become-pi-or-affiliate
https://www.seti.org/become-pi-or-affiliate
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