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Deep learning on the edge

e Conventional pipeline
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Data processing happens far from the source




Deep learning on the edge

e Edge computing

$

Data processing happens near the source, with the processing
algorithms embedded into the hardware
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e Whatis deep learning? Everyday applications:

Speech recognition
ing i i Face Recognition

Deep learning is an approach & synthesis
to machine learning that

uses deep neural networks

amazon alexa

Deep neural network
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Deep learning on the edge

Luo et al.: JASA Express Letters https://doi.org/10.1121/1.5085647 Published Online 4 January 2019

Convolutional neural network for detecting
odontocete echolocation clicks

Wenyu Luo, Wuyi Yang,” and Yu Zhang SCIENTIFIC

Key Laboratory of Underwater Acoustic Communication and Marine Information R E P o R T S

Technology of the Ministry of Education, College of Ocean and Earth Science,

niversity, Xiamen, China natureresearch
¥ edu.cn, yuzhang@xmu.edu.cn

Marine Mammal Species Classification using
Convolutional Neural Networks and a Novel
Acoustic Representation

Deep neural networks for
SCIENTIFIC automated detection of marine

Mark Thomas'5<, Bruce Martin?, Katie }\m\ arski®, Briand Gaudet?, and Stan R E P o RT S mammal Species
Matwin®3*
Staple deep neural networks are useful for
natt h Tyler Helble®, Danielle Cholewiak®, Douglas Gillespie” & Holger Klinck!

@ underwater acoustics.

ORCA-SPOT: An Automatic Killer
Wha Ie Sound Detection TOOI klt Beluga whale acoustic signal classification using deep learning

Using Deep Learning neural networkmodels N +  High adaptability and reusability

+ Better performance in many tasks

Chitstian Berg el Heridilk Schiebta Rachas) X| CHerieL Volki Barthd: Michasl Webed) Ming Zhong," Manuel Castellote,>*) Rahul Dodhia,' Juan Lavista Ferres," Mandy Keogh,® and Arial Brewer®
Elmar Néth?, gHeri’bert Hofer"’zt“s&/&ndreas Maier: :,g ’ ’ ‘ 'Al for Good Research Lab, Mnmw}/ Redmond, Washington 98052, US
i 4 4 *Alaska Fisheries Science Center- Oceanic and A (NOAA) Fisheries and Joint Institute
for the Study of the Atmosphere and Ocean (JISAO), University of Washington, Seattle, Washington 98195, USA .
*Alaska Department of Fish and Game, Juneau, Alaska 99802, USA - R q (d
Performance of a Deep Neural Network at equires more resources ata!

Detecting North Atlantic Right Whale Upcalls SCIENTIFIC Computing power, etc)
Oliver S. Kirsebom,'*) Fabio Frazao,' Yvan Simard,* Nathalie Roy,* Stan Matwin,"* and Samuel Giard® R E P O RT S

! Institute for Big Data Analytics, Dalhousie University, Halifaz, Nova Scotia B3H 4R2, Canada h
?Fisheries and Oceans Canada Chair in underwater acoustics applied to ecosystem and marine mam- natureresearc) H
el o e o Dty o G o, s i, G - Often hard to interpret

*Maurice Lamontagne Instity sheries and Oceans Canada, Mont-Joli, Québec, Canada

‘Institute of Computer Sciences, Polish Academy of Sciences, Warsaw, Poland

Deep Machine Learning Techniques
for the Detection and Classification
of Sperm Whale Bioacoustics

Peter C. Bermant, Michael M. Bronstein*27, Robert J. Wood (**, Shane Gero® &

DovidF Gruperoi* Can they be embedded into PAM systems?




Platforms for edge computing

Deep learning requires more resources during the training phase than during the deployment phase

Training Running



Platforms for edge computing

Small computers

Choice of RAM
.
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GIGABIT
ETHERNET

MICRO HDMI PORTS \ UsB3
Supporting 2 x 4K displays USB 2

Raspberry Pi .
Banana Pi Rock Pi



Platforms for edge computing

Deep learning-specific processors
Google Coral edge TPU

N
\\\\\ ; Solderable module

System on Module

Carrier board PCle modules USB accelerator



Platforms for edge computing

Deep learning-specific processors
Google Coral edge TPU

Solderable module

Carrier board



Platforms for edge computing

Carrier boards (development, evaluation

boards)

Carrier board

Device

o

More general

User’s application

: 28

More specific
(Power budget, environmental
conditions, additional hardware)




Platforms for edge computing
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Deep learning-specific processors

Nvidia Jetson

Jetson Nano
Jetson Tx2 Jetson Xavier

Jetson Nano Dev board



Platforms for edge computing

Microcontrollers

e A number of basic components you would find in a computer (processors, memory, oscillators,
etc) in one chip
e Lower power consumption and computing power



Platforms for edge computing

Microcontrollers

NUCLEO-F746ZG Arduino Portenta H7

DFRobot Firebeetle Arduino nano ble sense

With Espressif's esp32 With Nordic’s nRF52840
With ST's STM32F746 With ST's STM32H747



Platforms for edge computing

Software

TensorFlow TensorFlow Lite TensorFlow Lite
For microcontrollers

train/run run
run
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Platforms for edge computing

Software

TensorFlow TensorFlow Lite TensorFlow Lite
For microcontrollers

train/run run

run
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Platforms for edge computing

Software

O PyTorch © tearn
{} Chainer CNTK
& Caffe2 @®xnet

@ Cognitive
Toolkit F b

YeBoost % PaddlePaddle

deepC

(github.com/ai-techsystems/deepC)




Platforms for edge computing

(https://www.st.com/en/embedded-software/x-cube-ai.html)

Software
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Constraints

Knowledge of electronics/
low-level programming

Small computers/ DL SoMs Microcontrollers

-

N 4

o

e

CE

Power consumption
Computing power
Storage capacity

Memory



Constraints

Knowledge of electronics/
low-level programming

Small computers/ DL SoMs
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Microcontrollers
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3~10W

4x 1.5GHz
10s, 100s GBs
1~8GB

Power consumption

Computing power 1802(%%.3;\/
Storage capacity 256KB ~ 1MB

M
emory 100s KB, few MB




Conclusions

e The kind of model you can run in the field will depend on what devices your
system can afford

e Small computers and DL SoMs are capable of running relatively complex models

e Microcontrollers will run simpler models, which might be enough for some
applications



Thank You!



