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LEARNING OBJECTIVES

What is TinyML anyway?

Sensor data + AI = 💗

TinyML + IoT = 💪





BENJAMIN CABÉ

🏢 Principal Program Manager
Azure IoT – Microsoft

🎩 Open Source &
Community Advocate

🏺 Amateur Potter

@kartben





TINYML?

“



WIO TERMINAL + GAS SENSOR
Carbon monoxide (CO)

Nitrogen dioxide (NO2)

Ethyl alcohol(C2H5OH) 

Volatile Organic 

Compounds (VOC)



COST CONSIDERATIONS

ATSAMD51P19A

~$5 (when ordering 3000+ units)

Arm Cortex-M4F

512K of Flash

192K of RAM

Wio Terminal

~$38

Arm Cortex-M4

512K of Flash

192K of RAM



BUT HOW CAN A MACHINE SMELL ANYWAYS?



10 ppm

VOC?

100 Ω!



1000 ppm

VOC?

200 Ω!



AI MODEL FOR SMELLS?

Gas sensor 

readings

“It smells 

like X!”



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



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Nitrogen dioxide 849 849 850 851 851 851 851 852 852 853 853 854 855 855 855

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

Volatile organic compounds 182 183 184 184 185 185 186 187 188 189 189 189 190 190 191
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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, 
56, 96, 184, 851, 57, 95, 184, 851, 57, 97, 
185, 851, 58, 97, 185, 851, 58, 98, 186, 
852, 58, 98, 187, 852, 57, 98, 188, 853, 57, 
99, 189, 853, 57, 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:

[

[ 849, 57,  95, 182 ],

[ 849, 57,  96, 183 ],
…

[ 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,

0.0977, 0.095, 0.100, 0.0946, 0.0016,
0.1868, 0.182, 0.191, 0.1808, 0.0027 ]



AI MODEL FOR SMELLS?

1.5 s of raw

sensor data
DSP block

Neural 

Network



AI MODEL FOR SMELLS?

1.5 s of raw

sensor data
DSP block



AI MODEL FOR SMELLS?

Input layer

Hidden layer

#1

Hidden layer

#2

Output layer
here w/ 3 smells

1.5 s of raw

sensor data
DSP block



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



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




https://www.thingiverse.com/thing:4493907
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“INTELLIGENCE AT THE EDGE” + INTERNET = ❤️*

* a.k.a. AIoT

☁️



FROM AN “ARTIFICIAL NOSE”… 
TO A “CONNECTED ARTIFICIAL NOSE” 👃➔👃





“CONNECTING” AN IOT DEVICE IS ONLY THE 1ST STEP

Visualize data in real time

Store telemetry history

Implement rules

Integrate with enterprise systems



FROM CONNECTED THINGS TO CONNECTED ENVIRONMENTS*

* a.k.a. Digital Twins

☁️
floor: Floor 1

floor: Floor 2

floor: Floor 3

nose: Nose_TBR26P

city: Grenoble

janitor: Didier Donsez
building: MaCI

building: Campus des ArtsNose_TBR26P: 

“foul air!”



IN A NUTSHELL

TinyML enables an Internet of Signals

(Tiny) Edge & Cloud each have their strengths



GITHUB.COM/KARTBEN/ARTIFICIAL-NOSE Bill of materials, source 
code, schemaitcs, …



AKA.MS/SEEED-TINYML-NOSE-KIT Wio Terminal + Gas 
sensors + Fan controller



AKA.MS/AINOSE Interactive demo, 
learning resources, …



THANKS!

@kartben

benjamin.cabe@microsoft.com 

https://blog.benjamin-cabe.com
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