GETTING STARTED WITH TINYML

LESSONS LEARNED FROM Benjamin Cab
BUILDING AN ARTIFICIAL NOSE @Kkartben



https://unsplash.com/@braydona?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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LEARNING OBJECTIVES

What is TinyML anyway?
Sensor data + Al = @
TinyML + loT = 0
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The ability to run a TUrsionso
neural network model |
at an energy cost of
below 1 mWw.
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COST CONSIDERATIONS

Wio Terminal
~$38

Arm Cortex-M4
512K of Flash
192K of RAM

Mio)

e ROChy, 3
SAMOg ¢ :

v
-
-
-
-
-
-
-
-
-
s

ATSAMDS51P19A
~$5 (when ordering 3000+ units)

Arm Cortex-M4F
512K of Flash
192K of RAM



‘ BUT HOW CAN A MACHINE SMELL ANYWAYS?










\ Al MODEL FOR SMELLS?




—. EDGE IMPULSE

Super simple data acquisition and
labelling workflow

Pre-defined common NN layers, DSP,
and anomaly detection “blocks™

Model training in the cloud

Runtime based on TensorFlow Lite

edgeimpulse.com
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——=Nitrogen dioxide 849 | 849 | 850 | 851 | 851 853 | 854 | 855 | 855 | 855
== Carbon monoxide 57 57 56 57 57 58 58 58 57 57 57 56 57 59 58
= Ethyl alcohol 95 96 96 95 97 97 98 98 98 99 98 99 | 100 | 100 | 100
===V olatile organic compounds| 182 | 183 | 184 | 184 | 185 | 185 | 186 | 187 | 188 | 189 | 1892 | 189 | 190 | 190 | 191




BUT HOW CAN A MACHINE SMELL ANYWAYS?

Raw features (whiskey) — 1.5 s of sensor data, 10 Hz

[ 849, 57, 95, 182, 849, 57, 96, 183, 850,
50, 96, 184, 851, 5/, 95, 184, 851, 57, 97,
185, 851, 58, 9/, 185, 851, 58, 98, 186,
852, 58, 98, 18/, 852, 57, 98, 183, 853, 57/,
29, 189, 853, 5/, 98, 189, 854, 56, 99, 189,
855, 57, 100, 190, 855, 59, 100, 190, 855,
58, 100, 191 ]



BUT HOW CAN A MACHINE SMELL ANYWAYS?

Flattened features (whiskey) — step 1:

I
[ 849, 57, 95, 182 1,
[ 849, 57, 96, 183 1,

[ 855, 58, 100, 191 ]



BUT HOW CAN A MACHINE SMELL ANYWAYS?

Flattened features (whiskey) — step 2 (scale axes):

[

[ 0.849, 0.057, ©0.095, 0.182 |,
[ 0.849, 0.057, 0.096, 0.183 |,

[ 0.855, 0.058, 0.100, 0.191 ]



BUT HOW CAN A MACHINE SMELL ANYWAYS?

Flattened features (whiskey) — step 3 (DSP):

[ 0.8520, 0.849, 0.855, 0.8250, 0.0019,
0.0572, 0.056, 0.059, 0.0554, 0.0007/,
0.09/7//7, 0.095, 0.100, 0.0940, 0.0016,
0.1868, ©0.182, 0.191, 0.1808, 0.0027 |



\ Al MODEL FOR SMELLS?




\ Al MODEL FOR SMELLS?
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Al MODEL FOR SMELLS?

Input layer



TENSORFLOW LITE FOR MICROCONTROLLERS

Optimized for on-device machine learning
* latency — there's no round-trip to a server
* privacy — no personal data leaves the device
* connectivity — Internet connectivity is not required
* size — reduced model and binary size
* power consumption — efficient inference & a lack of network connections

High performance (hardware acceleration and model
optimization)

Available as Arduino library

1 3
TensorFlow Lite




RE: PERFORMANCE AND CODE SIZE

Classifying 3-5 smells:
= ~4KB of RAM, ~27KB of ROM (the actual TFLite model is ~3KB)
* Inference is ~1ms on an 80MHz 32-bit MCU



IMPROVING ACCURACY?

Better model (ex. RNN)
Better gas sensors
More gas sensors

Sensor fusion
* Humidity
* Temperature
= Color



“GREAT... SO...
YOU’VE BEEN
TINKERING, EH?”


https://unsplash.com/@reskp?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/tinker?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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https://www.thingiverse.com/thing:4493907

PJ4 Benjamin Cabé laribhen feb 12
L7 | realized | never quite published the instructions to replicate my 117 /110
and /o] artificial nose project, powered by awesome tech from
@Edgelmpulse and hardware from (7 cccadtudin. Working on getting this
fixed asap while sipping my espresso! §, &8
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+ Follow *°*

Pascal BORNET
b ntelligent Automat
2mo - ®

bal Expert ta Officer | Aut.
Identifying smells with machine learning!
Pascal BORNET Built by Benjamin Cabé, this artificial nose has been trained to recognize accurately

Intell hundreds of smells. Read more here: https://Inkd.in/gdPKx9Z

This could power so many wonderful use cases: cooking assistant, alerts in case of
dangerous gases, perfumes design, support to people who can't smell well... What
else would you think of?

Code available here: https://Inkd.in/gSXdiah

View full profile

If you like my posts, you will enjoy my new book: https://Inkd.in/g4uCcg4

Click "Follow" for more #technology insights https://Inkd.in/gFhhNg9 and
https://Inkd.in/fjddMYP
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‘How a 13-year-old
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My smart home 2021: A Home Assistant love story







Photo by Wilhelm Gunkel on Unsplash



https://unsplash.com/@wilhelmgunkel?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/restrooms?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

“INTELLIGENCE AT THE EDGE” + INTERNET = O *

* a.k.a. AloT



FROM AN “ARTIFICIAL NOSE™...

TO A “CONNECTED ARTIFICIAL NOSE”




oso Virtual Scents Inc. L Search

= Devices > Artificial Nose > nose001 2 Connect © Block @ Attach to gate.. =0 Rename ¢ Edit template [i] Delete
@® / nose001
ara. :
@ About  Overview Settings Raw data
L Last data received: 4/30/2021, 4:45:56 PM | Status: Provisioned
Lsd

VOC (ppm), NO; (ppm), C:HsOH (ppm), CO (ppm) ¢ VOC (ppm) e NO; (ppm) Va4
FA
bo

® vOC (ppm) ® NO; (ppm) ® C.HOH (ppm) CO (ppm)

” 12.35 442 .91

400 <4
@, Average, Past 12 hours Average, Past 12 hours
.
C:HsOH (ppm) 4 CO (ppm)
“% 2004
- 20.08 27.01
00
04:18 PM 04:47 PM % z
04/30/2021 04/3012021 Average, Past 12 hours Average, Past 12 hours

5



“CONNECTING” AN 10T DEVICE IS ONLY THE 1°T STEP

Visualize data in real time
Store telemetry history
Implement rules

Integrate with enterprise systems



FROM CONNECTED THINGS TO CONNECTED ENVIRONMENTS*

city: Grénq!ole building: Campus des Arts

e,
»
»
»
a
v,
G
»
.
.
»
",
»
Qg
v,
v

floor: Floor 1 ' floor: Floor 3

floor: Floor 2

nose: Nose TBR26P

* a.k.a. Digital Twins



IN A NUTSHELL

TinyML enables an Internet of Signals

(Tiny) Edge & Cloud each have their strengths



TinyML-powered
artificial nose -

O

kartben/artificial-nose C

GITHUB.COM/KARTBEN /ARTIFICIAL-NQSE | Ziof moerieh, source



AKA.MS/SEEED-TINYML-NOSE-KIT | o Termset -oes



AKA.MS/AINOSE | nerseive cemer



W @kartben

benjamin.cabe@microsoft.com

2/ 1\Y
Anmd

i https://blog.benjamin-cabe.com

THANKS!
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