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Some things are easy...
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ome things were hard, but are now easy
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Some things are still har

https:/www.pxfuel.com/en/freesphoto-ovxox

Do | hear glass breaking?




Some things are still hard...
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But, no longer impossible...

\HEN A USER TAKES A PHOTO
THE APP SHOULD CHECK UHETHER
THEY'RE IN A NATIONAL PARK ...

SURE. EASY GIS LOOKLP
GIMME A FEW HOURY,

.« AND CHECK WHETHER
THE PHOTD 15 OF A BIRD.

T1L NEED A RESEARCH

\ TEAM AND FIVE YEARS.
% /
S

INCS, IT CAN BE HARD TO EXPLAIN

THE DIFFERENCE BETWEEN THE EASY
! AND THE VIRTUALLY IMPOSSIBLE.

https: /xked.com/ 1425/ —



Machine learning is great at finding

patterns In messy data
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- (an%ythi'ngiyou can't reason about in Excel)
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ML models move to the edge

Focus on inferencing, not training

Machine learning model is just a mathematical
function with lots of parameters

Accuracy vs. speed, reducing parameters, hardware-
optimized paths

Leveraging silicon (either specializeq, or vector %
extensions) Neil Tan
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Much wider deployment options

Cloud Gateway
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Sensor




Where to deploy?

Cloud - expensive to get data into place, compute is cheap.
Gateway - easy to retrofit, can be expensive to get raw data stream.

Edge device - requires new firmware and planning, but no radio required.

Or even hybrid... There's no right answer.
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1. Everything starts with raw data
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Get data at the highest resolution possible - e.g. using serial or directly over WiFi
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2. Extracting meaningful features

Very dependent on your use case

Raw data can be notoriously hard to deal with

(3s. accelerometer data = 900 data points, 1s. audio data = 16,000 data points)

Use proven DSP algorithms
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Example of a sighal processing pipeline

Input speech signal

Speech features
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Before and after feature extraction
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3. Letting the computers figure it out

Classification
What's happening right now?

Anomaly detection
s this behavior out of the ordinary?

Forecasting
What will happen in the future?
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Picking the right algorithm

Input speech signal

o Speech features Neural network
o gro . o :, “Yes” 0.91
ClaSSIflcatlon I, o I_m “No” 0.02
,.‘g ' — § 4 C—>“On” 0.01
Neural network ;) "off” 001
oy . ot
° {i.me (s)“—o B
Anomaly detection ‘ casuted

K-means clustering

accZ RMS

Forecasting
Regression

accY RMS
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4. Deploying

Signal processing, neural network and
anomaly detection

20




Taking advantage of the hardware

Gateway or cloud - C++ to WebAssembly, adds isolation without VM. Trivial to
deploy.

Cortex-M with FPU - use CMSIS-DSP and CMSIS-NN to leverage vector
extensions.

Cortex-M with NN engine or external DSP - offload DSP and ML operations
to co-processor.

21

G
-_—
C




Models driven by silicon capabilities

Cortex-MO+ - vibration and accelerometer classification, anomaly detection.
Cortex-MA4F - realtime audio (continuous and discrete).

Cortex-M7 - basic image classification (10 frames/sec @ 96x96).

Cortex-A class - object detection, anomaly detection on a fleet of devices.

Cloud - anything (as long as you want to pay! $$$)

Co-processors can offset this, e.g. Eta Compute Cortex-M3 + external DSP can do realtime audio too.

22




Getting started .~




Get some hardware

W .
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ST loT Discovery Kit  Arduino Nano 33 BLE Sense
Cortex-M4F 80MHz Cortex-M4F 64MHz

24

“ e%&&pﬂcmm 3 :
36 0@2020"?0% B vt ...
r,-.-? 4 ECMI532 N

= B

Eta Compute Al Sensor

Cortex-M3 + external DSP

OpenMV Cam H7+
Cortex-M7 480MHz

Any smartphone




Edge Impulse - TinyML as a service

25

Dataset

Enrich data and
generate ML process

Acquire valuable
training data securely

Edge Device Impulse

Real sensors in real time
Open source SDK

Test impulse with
real-time device
data flows

Embedded or edge
compute deployment
options

Free for developers, enterprise plan available: edgeimpulse.com

C
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~" EDGE IMPULSE MFCC (AUDIOCLASSIFY-NEW)

Generate features

8 Device Raw data > 0:00/0:01
E Data acquisition
D (
[
@ MFCC
I} [ .
Raw features DSP result
netrain mi 1336, 1328, 1324, 1323, 1332, 1340, 1357, 1336, 1345, 1341, 1347, 1340, 1331, 1315, 1310, 1. Cepstral Coefficents
» ¢l ficator
Model testing Parameters
& Deployment Mel Frequency Cepstral Ceefficents

Numbter of ccefficierts : 4 3]

Processed features

-9.2962, -0.4501, 0.0607, -1.4221, -0.5195, -0.2507, -2.2287, -1.7954, -0.2200, 1.8725, 1.1.

> >l o) 10:27/24:37

Building an audio classifier with embedded Machine Learning

697 views - Jan 26, 2020 i 21 &0 o SHARE =4 SAVE ...

docs.edgeimpulse.com



http://docs.edgeimpulse.com
http://docs.edgeimpulse.com

Demo .~




Recap

The ML hype is real
ML + sensors = perfect fit

Start doing the impossible!

edgeimpulse.com




Al Virtual Tech Talks Series

Date Title Host
Se8pt2e(r)r;t(>)er Running Accelerated ML Applications on Mobile and Embedded Devices using Arm NN Arm
September . . . L .

55 2020 How To Reduce Al Bias with Synthetic Data for Edge Applications Dori Al
Oct;(t));(r) 20, Optimizing Power and Performance for ML At the Edge — Model Deployment Overview Arm

Visit: developer.arm.com/solutions/machine-learning-on-arm/ai-virtual-tech-talks
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Join us at Arm
DevSummit

Oct 6 - 8 | Virtual Conference

Register here https://devsummit.arm.com/arm-ai-m|
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