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Cofounder and CTO at Edge Impulse
Building connected cameras since 2014

Ex-Firefox OS, ex-loT at Arm




SO. MANY. DEVICES!

50 billion 50 billion 100 billion

chips shipped chips shipped chips expected to ship

22 years




was promised insight in the world, but | get...
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Lots of visual information in the world

e —~

Does this bottle have the right label?

How many people are in line?




But requiring a human is not great...

Humans like to sleep
Humans cost money (*)

Being so close to an elephant that you can see it
might be dangerous (e.g. poachers)

O




Sensors need to be more like us

Infinite sounds, images, motions all around us

We know there's a correlation

We can probably collect the data, but mostly throw
it away: devices are cost, bandwidth or power

constraint




Machine learning helps vou find the rules

Normal programming

+

Machine learning

+

Outcome

Rules
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Not just vision

llzing sounds

https://www.flickr.com/photos/oceanyamaha/7091324605

https://pixabay.comlphotos/washing-machine-wash-cat-4120449/

Detecting abnormal vibration

https://www.flickr.com/photos/sheishine/1669656

Biosignal analysis

Classifying images»h

C
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Lots of development!

Running on device is key

Constrained devices, but also constrained usecases

Quantization, knowledge distillation, neural network
compilers, hardware acceleration (even on MCU)

Design within the constraints of the device

You can actually do a lot!
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Where we are today

Cortex-MO+

Voice Keywords
Audio Classification

50 kB

Arduino Nano
Cortex-M4

Image
Classification
250 kB+

Arduino Pro
Cortex-M7/

Object Detection
Complex Voice
Processing
1 MB+

Raspberry Pi
Cortex-A

Video
Classification

Jetson Nano
Cortex-A + GPU

Vision

Audio

Sensor

i




Where we'll be tomorrow

?2?2?
Video O
Classification Vision
1 MB+
Object Detection
Complex Voice ® ®
250 kB+
Image
Classification ¢ ® ® Audio
50 kB
Sensor

Cortex-MO+ Arduino Nano Arduino Pro Raspberry Pi Jetson Nano
Cortex-M4 Cortex-M7 Cortex-A Cortex-A + GPU




Side-step to non-vision




Signal processing + ML = ¢

i

i

A M r%)év\,.f"“\": *Q.L.' "
\\‘4 W '!‘,,

0.00 208.00 416.00 624.00 832.00 1040.001248.001456.001664.001872.00

OONABNONLLON ®

|
-—

= much easier job

Apply low-pass filter... for the ML algo

| I | |
o O A N O NS O

0.00 208.00 416.00 624.00 832.00 1040.00 1248.00 1456.00 1664.00 1872.00
15




Leveraging signal processing

On-device intelligence is not new
Neural networks are inefficient, if you can preprocess? Do so!
Significantly reduce input features, leading to smaller networks.

Cleans up input

16




ML Sensor pipeline is often combination

Input speech signal
Neural network

“Yes” 0.91
“No” 0.02

C—>“On” 0.01

“Off” 0.01

Magnitude —»

i i

AutoML research
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ML Sensor pipeline is often combination

Input speech signal
Neural network

1 “Yes” 0.91
! “No” 0.02
2 C—>“On” 0.01
= “Off” 0.01
2 .

i i

Much more interesting

18



Wide range of parameters

Window length, window step, downsample?

19




Wide range of parameters

e RN TG
- = :i'. I . e :! o

+ endless configuration options

20




Constrained targets - what's worth It?

:_: EDGE IMPULSE SPECTROGRAM (BIRD 50UND CLASSIFER) ’?j Jan Jangbaom

Genearate features

= EDGE IMPULSE SPECTROGRAM (8IRD SOUND CLASSI-ER)

Generate features

Das~kaa-d

Daskboarc
$ Doy Raw data titmwuse1€khezwav27g72mg ilitmousell =
g o Raw data 100 dtmouse! 6khzwav.27zf72mg (dtmousel - ® Uevies ’
- | 'J:.(';'A.‘
B Dula scquisition
® Dazacqustlar
W Impulse cesign
N mpukse design
® Creatzmpulse
o Creale impulse
] MEFLC
® M-LC
® Syntlant
® Syntiant Raw features DSP result
Raw features DSP result ® spectrognm
®  SpecIomErEm o M, -41, -84, 42, -/N, 147, B4, -3, -FAK, -4, -14, . Spectrogram
78, 41, -1@4, -2, -2§7, -137, 63, -84, -23R, -27@, 11, _ Spectrogram & NNC ’
- V'l MW STRE N
o NN T laesilien BCo
L 479
ratrain wode! Retralnmoge Parameters s
R Parameters o
& Live class licalior :':
7y lwve classification Spectrogram ;".c.f.
Spectrogram y e
Modal testing i"“‘
Mode testing AL
- Frame length .02 LY
Frame length 0.0z ¥ versslonnp iaea
P versionng 1214
& Deploymert Frame stride .01 m:
(1] Jeaoyment Frame stride 0.01 ' u
anTra:Mmusavitaraaontasy
: oz 533 55¢ 330, 2. Tot fsmc;
0l 01 022 33 O‘L‘:‘nzelm:‘l 0.65 0.86 0.47 Fraquency bands 156
Frequency bands 128 GETTING STARTED
GETTING STARTED
7 Processed features
Processed features - Dacumentation
7 Dowurernlation Graph options Graph opdons
& Forums P.ARAT, A.3E07, R.IPAA, A.LA0R, C.AORA, £.PRAN, A.G0MR, A...
& forums P.ADA4, A.3ER7, D.OAGA, A.FORR, A.AEGR, N.OARA, €.€AAD, A._ o
oo . Show sxes
Show axes v

On-device performance @

PROCESSING TIME PEAK RAM USAGE
159 ms. 51 KB

On-device performance @

FROCESSING TIME FEAK RaM USAGE
77 ms. 27 KB
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=" EDGE IMPULSE Keys  Export % Janjongboom

. m Edgelmpulse Inc. / Keyword spotting

B  Data scoulsitior This is your Edge Impulse project From here you awgure new training
data, de<ign Impulsas 2ad train models.

Edge Impulse

Impulse dexigr

o Lreate impu sz

® cprrrragmaT

The place to build embedded Machine Learning  —

Rutrain rmedel § Acquircdata DEVICES CONNECTED
Cvere Mehine Lagrmieg prejeclsdarls o hdely, Yoo we wapaure celaiiom 5

models (vision & non-vision)

ool testing o LETS COLLECT SOME DATA @ DATA COLLECTED
28m 46s

¥ Versionrg
W~ Design an Impulse

W Leploymen Irac=~he medzl tn aterneot pres 2ok unsear dats, hases an histaseal

From en gl neers ( NOt d ata scientists ') fO I - . U g e o o s s Collaborators o]

B0 TTIGS TAKT B CONTINLEIIS MDTION HSCORNITNION . .
¥  Dacumertation Arjan Karnghuis I

engineers . e 8

B GEITING STARTED: AIDING SGHT 10 YOLR S NS0RS i
@ Deploy o lenjongbour  ear wuis susr i
e kg 1l cigelvis engzse sy fearrwpnal gressese g e coare:
4 madzl ave sealyy e an year e e The encares that-he o s nimsaath
Every step of the way, from data collection to R
/ "
<f DEFLOY YOLM MODEL
de 9, | oyment e
Download block output R .
Fropis 3
Latenuy tukulalivre Cortex-MaF SJM_']

No downloads available yet

Already >38,000 real ML projects created!

Ademinirte atiinm wmmn

Free for developers: edgeimpulse.com
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http://edgeimpulse.com

Introducing the EON Tuner!

- —y— EON TUNER (DCASE2018
— - EDGE IMPULSE ( )
EON Tuner [#& Config} [55 Logs]
] Dashboard
B Devices Finding the most optimal architecture for your model (17 model variants evaluated / 50 variants total)

& Data acquisition

& cortexr-m7-216mhz © 1000ms T RAM: 128kB * ROM: 1024kB = ecenenesasacesencnse
A Impulse design

® Create impulse

SpLTM 10x10 | SYNTIA | Clone | a65 @ PO 10x10 | SYNTIA | Clone | 133 ¢ SIL/ 10x10 | SYNTIA | Clone | 2f1 : Y Filters
o
PERFORMANCE PERFORMANCE PERFORMANCE
® MFCC Status
4 ]  J
‘ . ‘ vd Pending
® NN Classifier .
Running
Retrain model Latency RAM ROM Latency RAM ROM Latency RAM ROM Completed
Failed
7 Live classification ACCURACY ACCURACY ACCURACY
Model testing :00:| :oo:| coo:|
dis - dis - dis 1= View
PP Versioning
eat— 0 eat— 0 eat- 0
W Deployment . . oo - Data set
Validation
(#y EON Tuner e e vac s vac- D
Train




=- EDGE IMPULSE EON TUNER (DCASE2018) («? mathijs

EON Tuner [#2 Config J [ = Logs ]
Dashboard
Devices Finding the most optimal architecture for your model (17 model variants evaluated / 50 variants total)

Data acquisition

0

A Impulse design

% cortex-m7-216mhz © 1000ms WP RAM: 128kB * ROM: 1024kB =2 esesesesssccesescssse

® Create impulse

ePL7W 10x10 | SYNTIA | Clone | a65 2 eyLV 10x10 | SYNTIA | Clone | 133 & IS 10x10 | SYNTIA | Clone | 2f1 :

Y Filters
o

PERFORMANCE PERFORMANCE PERFORMANCE
[ MFCC Status

‘ : 2OPOCO 00O e
Find best model for sensor data over mix of vl EAEE EASE ERAE |

Failed

73 Live classification ACCURACY ACCURACY ACCURACY
Model testing :oo:| :oo:| coo%
e dis dis = dis 1.‘= VleW
P Versioning
eat - eat - eat |
’ s Deployment soc soc soe] Data set
Validation
EON Tuner 1 1 =
® Train
wat - wat - wat
© Test
F1- 96 95 .96 97 1 1 F1+4 97 92 95 .98 1 1 Fi- 96 92 .95 97 1 1
GETTING STARTED Tt T T T T (| Tt T T T T (| Tt T T T T | Precision
coo dis eat soc vac wat coo dis eat soc vac wat coo dis eat s0c vac wat
int8
L L L 7 Documentation ) o
PARAMETERS PARAMETERS PARAMETERS float32
‘ ‘ I ‘ V I ‘ ‘ ‘ O | I ; I a I | l ; ® Forums « 10000ms -=> 10000 ms ~ 10000ms -» 10000ms < 10000ms - 10000 ms Compiler
© 19/03/2021,16:02:17 © 19/03/2021,16:03:02 © 19/03/2021,16:02:25 o EON™
TF Lite
KERAS KERAS KERAS
Type Filters Kernel Rate Type Filters Kernel Rate Type Filters Kernel Rate
convid 8 5 - convid 32 5 - convid 32 3 -
dropout - - 0.25 dropout - - 0.1 dropout - - 0.5 1:‘ Sort
° ° convid 32 5 - convid 8 5 - convid 16 3 -
convid 8 3 - dropout - - 0.25 dense 8 - -
dropout - - 0.5 dropout - - 0.25
© Accuracy
Last updated
| | |

Biggest win: "we found DSP configuration that
works so well, we no longer need ML"
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Still an en

Model search completel {100 model variants evaluated)

& EON Tuner settings

@ Target = Advanced

gineering tool!

Find the optimal architecture for your machine
learning model

“he ECN™ Tune: will 2valud.z many cancidalz mocel srchiecores
(sclected Caced o~ your target device a~d latency ~eculrements)
co~curenzly 2o help ycu fine the test performirg architecture tor your

app ication.

“he search process can tzke up to 24 hours o corpletz. Wz will notity

yo. by emazil cn ccmpletion of the szarch process. While the search s

rUnning you wan visw Lhe progress ur this pege stany Linve.
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Dataset category

Speech (Keywords) v . E
Speech (Keywords)
= Yes/no atl
e |lello world
)¢

Speech (Contnuous) G
® Emotions IS
= Speaker gender . |
Audia (Events) SP
® Hreaking glass ' |
* Gunshot [
Audia (Continuous) ’ I
® |lousehold activities ] -
* Traffic leve 4

Data

? Helpme choose the rignt dataset category

mfcc-keras-9ae mfcc-keras-efe

PERFORMANCE ( PERFORMANCE
ZSdms 128' kB 102:1 kB ZSd ms lZé kB 102:1 kB
@ ose @ NN Unused @ ose @ NN Unused
ACCURACY ACCURACY

hel hel
nNot nol <
unk — unk —
F1 95 93 91 F1 95 .94 9
I I 1 | I | 1
hel nol unk hel nol unk
INPUT @ INPUT
« 1000 ms | = 1000 ms ~ 1000ms =>» 1000 ms
MFCC € MFCC
~ 002 =001 =13 =32 004  =2002 =13 =32
KERAS C( KERAS
Type Filters Kernel Rate Type Filters Kernel Rate
convid 8 5 - convid 8 3
dropout - - 0.25 dropout - - 0.1
convid 8 5 . convid 16 5
dropout - - 0.25 dense 8
dropout . - 0.25
0 01/ 0 0

i




Questions it can answer for vision

What transfer learning block to use?

Grayscale or RGB? Resolution?

Preprocessing of data (e.g. edge finding using
CV) yes or no?

Within the constraints of your device

26




Getting started

https://docs.edgeimpulse.com/docs

Very wide range of dev boards, from Cortex-M4F to Jetson Nano
Deploy to any device that has a C++ compiler

Or use your phone!

27


https://docs.edgeimpulse.com/docs

Demo .,

www.edgeimpulse.com
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The future of data-driven

engineering starts now. +




Recap

The ML hype is real
ML + sensors = perfect fit

Let's make those billions of devices see the world!

edgeimpulse.com




Questions?

Full docs:
https://docs.edgeimpulse.com

Performance metrics:
https://docs.edgeimpulse.com/docs/inference-performance-metrics

Adding sight to your sensors: - -

https://docs.edgeimpulse.com/docs/image-classification

Object detection:
https://docs.edgeimpulse.com/docs/object-detection

More questions:
forum.edgeimpulse.com / jan@edgeimpulse.com



https://docs.edgeimpulse.com
https://docs.edgeimpulse.com/docs/inference-performance-metrics
https://docs.edgeimpulse.com/docs/image-classification
https://docs.edgeimpulse.com/docs/object-detection
http://forum.edgeimpulse.com
mailto:jan@edgeimpulse.com

Empowering Product Creators to

Harness Edge Al and Vision

The Edge Al and Vision Alliance (www.edge-ai-vision.com) is a partnership

of 100+ leading edge Al and vision technology and services suppliers, and
solutions providers . .

Mission: To inspire and empower engineers to design products that " ;"
perceive and understand. " ah e
The Alliance provides low-cost, high-quality technical educational aTure

edge ai + vision

resources for product developers

Register for updates at www.edge-ai-vision.com ALLIANCE

The Alliance enables edge Al and vision technology providers to grow their
businesses through leads, partnerships, and insights

For membership, email us: membership@edge-ai-vision.com

edgeauvuon ALLIANCE

't percelve + understand

32


http://www.edge-ai-vision.com/
http://www.edge-ai-vision.com/
mailto:membership@edge-ai-vision.com

Join us at the Embedded Vision Summit

May 16-19, 2022 —Santa Clara, California

The only industry event focused on practical techniques and technologies
for system and application creators

» “"Awesome! | was very inspired!” 2 O 2 2
* “Fantastic. Learned a lot and met great people.” am hpd d Pd

. WonderfUI Speakers and Informatlve eXthItS.’, V I S I e n

Embedded Vision Summit 2022 highlights: S U m m It

* Inspiring keynotes by leading innovators
* High-quality, practical technical, business and product talks
« Exciting demos, tutorials and expert bars of the latest applicatioiis anu wwurnvivyies

MAY 16-19

Visit www.EmbeddedVisionSummit.com to learn more

edgeawvwon ALLIANCE

Npowering <ign systerm t percelve + understand
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http://www.embeddedvisionsummit.com/

