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Bockground

e RF signal classification is critical
for defense, telecommunications,
loT

e Troditional setups are bulky,

POWET INtENSIVE

e Troditional setups rely on GPUs,
large hardware

e Current systems are inefficient far
applications where SWAP
constraits are important (size,
weight, and power)

e \Whaot if we could create o
compact, efficient, and real time
systems to classify RF signals
with the occuracy and
adaptability needed for dynamic

environments?



Existing RF signal classification systems are too large,
power-hungry, and unsuitable for real-time, portable
applications due to relionce on GPUs and bulky
hardware. We are designing a compact, power-efficient
RF signal classification system using Intel NUC ANDO
FPGA integration, optimized with OpenVINO and a CNN
model for efficient classification. This solution will
enable real-time high-occuraocy RF signal classification,
meeting SWAP constraints and opening Nnew
oppartunities for scaloble and odaptable signal
detection applications.
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Research
Hverview

e Hardware software co-design using
Intel Nuc and OpenVINO

e |ntegration of CNNs, RNNs, and
Transformation for real time signal
classification

e Benchmarking Intel NUC performaonce

for speed, laotency, and scalability
Key Technigues

e Statistical feature detection
e Freguency daomain analysis
e |maoge-baosed edge detection
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OJesign ldeds

DOesign ldeao 1 Oesign ldea 2 Oesign ldeao 3

Offloads real-time

e | everoges Intel NUC CPU FPGA odded to assist

preprocessing and initial

and GPU for efficient time Intel NUC with feature _
processing extraction/initiol signal feature extroction to FRGA
e [NN model classifies RF Dreprocessing * Preprocessed dato is sent to

CNN on Intel NUC for

signals based aon Transformer model

classification

spectrogram feotures classifies signaols bosed
(freguency/omplitude on temporal patterns in * Provides high-speed
changes) RF doto processing by using FPGA's
e Muodel runs on NUC's GPU e Con odjust to chonges in parallel processing copaobilities
to occelerate processing signal environment e Reduces lotency and improves
with low power usoge . Suitoble for noisy speed for real-time

conditions opplications



Top 2 0esigns

Design Idea 2 Pros Pros Design Idea 3
] FPGA odded to assist ] Significant for noisy e High Processing Speed ° Offloods real-time
Intel NUC with feature environments e (Optimized for Real-Time preprocessing and initial
extraction/initial signal e Adaptaoble to changing Applications feoture extraction to FPGA
preprocessing signal conditions ° Efficient Oata flow e Preprocessed dato is sent to
° Transformer model ° Flexibility with CNN CNN on Intel NUC far
classifies signals based Maodel classification
on temporal potterns in e Real-Time Adaptability ° Provides high-speed
RF doto Halgls Cons processing by using FPGA's
e [Con aodjust to changes in parallel processing capahbilities
. . _ _ e |ncreased Complexity ,
signal environment ° Higher complexity _ N e Reduces laotency and improves
: : _ N ° Higher Initial Cost :
° Suitable for noisy e Reqguires odditional FPGA speed for real-time
. _ _ L Power consumption : :
conditions integration opplications

e |ntegraotion Challenges



Oesign Matrix

Attribute FPGA- Weighted FPGA - Weighed
Assisted Score Enhanced Score
CNN Model | (CNN) Transformer | (Transformer)
Model

Processing ) ) 25 20
Speed

Adaptability |4 |4 |16 |5 |20
Power 3 3 2

[ R N S
Ease of 2 4 3

= S A A S

TotalScore |- |- ~ |e1 |- |54




Generatian 4
EE e

Solutian (| *f—\'"i )
o

o speh i Behavior

bus e Intel NUC computer receives signal O/
- daota from radar via high speed, high-

Pii'f} copocity daoto bus

e Oota is sent to FPGA for
preprocessing

e FPGA forwards processed dato to
NUC GPU running a CNN model

e GPU sends results from CNN model to
CPU

e CPU processes dato using saftware




Component

Specifications

Part Store
Web Link

Total Price

Intel NUC
11t Gen

Corei7, 16GB
Ram

https://w
ww.intel.c
om/conte
nt/www/u
s/en/hom
epage.ht
ml

$650

Ettus USRP
B205mini-i

70 MHz -
6GHz, USB 3.0

https://w
ww.ettus.
com/

Mean Well
19V Adapter

65W

https://w
ww.digike
y.com/

Samsung
970 EVO
Plus

https://w
ww.sams
ung.com/
us/

USB 3.0
Cable

https://w
ww.amaz
on.com/




Research ]

e |nitial benchmarking shows potential

for high performaonce inferencing
tosks

ODeliverahbles -

e Henchmarked performaonce of Intel

NUC hardware in real time RF signal
processing, focusing on accuracy,
speed, and lotency

e Hardwaore bosed test algorthims

using OpenVINO for feature detection
aond classification

e Key metrics:
e Scaolability, Speed/Latency, SWAP-C(
Size, Weight, Power, Cost).




Motivation

e Current RF classification systems rely

on bulky ond power-intesive setups
e Putting an entire GPU on a rader. How
can we use o SWAP trodeoff to use
this in real life? GPU isn't used to
support SWAP
e |Intel NUC hardware offers o compact

alternative with the potential to
drastically reduce size and power
needs while improving real-time
signal

Challenges

e Translate the Machine Learning
Algarithm from one system to
onother aond then test it

e Henchmarking

e Testing




Machine Learning

Hrooder Impact IEh- - .

Antoroos

e [mprove SWAP .”i_lml | | Detection
e Enhance real-time RF signal | Chenneliser | =
detection in noisy =Q=
Environents = 5 | \\ [Autonomows | . syss 1+ [ Sicaa

Classification No FHSS Pri=sent?

Figure 1 - Example Detection/Classification for FHSS waveforms

Research Goals/Future Waork

o Explare Al architectures (CNNs, RNNSs,
Autoencoders) for robust modulation

e BHenchmark hardware performaonce, including

gccuracy, speed, and latency

e Expaond dataset to include more modulation
types for better model generalization (X

e |nvestigate additional hardware platforms and

scaling passibilities
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Figure 2 - Image based CNN signal
detection and classification 12




. Thank You ‘



