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Benefits of edge ML

£

[ ] [ )
Innovation Privacy Power
Add new differentiating features, become a Data stays on the device, gets processed Stay operational for longer periods of time
market leader by standing out from your locally and drives remote alerts,
competition notifications, and actions

Cost Reliability Bandwidth & Latency

Save on storage and compute costs by not Be operational in low connectivity Process data real-time on the edge device,
sending raw data constantly to the cloud environments without having to wait for a response back
from the cloud
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Edge Al with Edge Impulse



From Data to Deployment

The complete toolkit for embedded ML

Dataset Digital Signal ML Model Performance Code
Management Processing Development Profiling Compilation

Copyright © Edgelmpulse, Inc.
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Enable edge Al for any platform

YOUR ML TOOLS

DATA MODEL

b Keras

J

=" EDGE IMPULSE
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Dataset & Feature Model Performance
Optimization Optimization
DEVICE AWARE OPTIMIZATIONS
|
|
‘ = - on |
. ; O ] < v ;
CAMERAS GATEWAYS SENSORS HEALTH DEVICES 1
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Optimize Al for the
edge

e Royalty-free business model,
therefore no impact on BOM cost
Your |IP, stays your IP
Total explainability, no black boxes

Copyright © Edge Impulse Inc.
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CREATE IMPULSE (ANOMALY DETECTION)

W an impulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data,

Classification (Keras) o Output features

Time series data Spectral Analysis o

Axes Name Name

aceX, accy, accZ Spectral features NN Classifier

Window size

————————— ——

Input axes Input features

acexX [v] Spectral features

Window increase 8 occy

Output features

@ accZ 2 (Mode 1, Mode 2)
Frequency (Hz)
100

Zero-pad data

v

Anomaly Detection (K- °
means)

Name
Anomaly detection

Input features




Active Learning Loop

R&D FOCUS

Active learning & continual improvement

e Simulate on-device behavior Generated audio
Below you can see and play with the generated audio file, which also shows where false
befo re d e p I Oym e nt positives and negatives appear in the audio.
e Assisted labelling and active learning 4,
workflows
e Model versioning and change ' ' } ’

Management over time

Zoom out

» 0:00 ) P 019 co— )
1D LABEL START TIME END TIME

9 yes =>no 13.914 14.914 Play

27 yes =>no 60.807 61.807 Play

15 unknown => yes 24.329 25.329 Play

Copyright © Edge Impulse Inc.
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Powering the largest edge ecosystem with MLOps

80,000+ 185,000+ 5,000 +

Developers Projects Enterprises

TRUSTED BY LEADING ENTERPRISES

GURA peoly @ sonv

Copyright © Edge Impulse Inc.



Any sensor, any data, any use case

Ultra low Low-end High-end
NPU MPU GPU
power MCU MCU
Anomaly Sensor fusion Audio Image Complex image Video
detection classification classification classification or voice classification
Memory 10kB 18kB 50kB 256kB TMB+ 1GB+
Sensor o o o () (] (]
Audio (] o (] (V] (] o
Image o o o o

Video o o
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A paradigm shift

Traditional programming Machine learning

Data Data

+

Rules Outcomes

Adapt the
rules

A\

Collect more
data

// the setup function runs once when you press reset or power the board
void setup® {
// initialize digital pin LED_BUILTIN as an output
pinMode(LED_BUILTIN, OUTPUT);

// the loop function runs over and over again forever

void loop() {$
digitalNrite(LED_BUILTIN, HIGH);
delay(1000);
digitalWrite(LED_BUILTIN, LOW);
delay(1000);

// turn the LED on (HIGH is the voltage level)
// wait for a second

// turn the LED off by making the voltage LOW
// wait for a second

Outcomes

Rules

Copyright © Edge Impulse Inc.



Machine Learning

Supervised

learning

Task-driven

e Regression
e Classification
e Object detection

Unsupervised
learning

Data-driven

e Clustering
e Segmentation
e Anomaly detection

Reinforcement

learning

Robotics
Games
Recommender
systems

Copyright © Edge Impulse Inc.
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Embedded machine learning

S
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Embedded machine learning

device

S
Collect
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Input speech signal
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Studio Overview
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CREATE IMPULSE (ANOMALY DETECTION)

W oan impulse takes raw data, uses signal processing to extract features, and then uses a learning block to classify new data,

D eve I o p e r - fi rSt Time series data Spectral Analysis o Classification (Keras) e Output features
integrated ML ) N

accX, accY, accZ Spectral features NN Classifier
Window size

p a o r m Input axes Input features
—_— e

accxX [] Spectral features

Win iner b accY
dow increase . Output features

e Royalty-free business model, therefore i 8 o 2 e 1, Mode
no impact on BOM cost Frequency (H2)

e Your IP, stays your IP -

e Total explainability, no black boxes

Zero-pad data

3 S

5 Anomaly Detection (K- o
' means)

Name

' Anomaly detection

Input features

Copyright © Edge Impulse Inc.



Collect

Build valuable
datasets at scale

e The infrastructure ML teams
need

e Auto-labeling tools

e Integrations with most widely
used data science tools

e Strong data traceability and
quality control

e Secure data exchange portal

Copyright © Edge Impulse Inc.

DATA ACQUISITION (ANOMALY DETECTION)

Testdata | Export data

DATA COLLECTED

10m 45s

Record new data

TRAIN / TEST SPLIT ‘
79% /21% © \,

Device ®
Collected data Y L .
My device
SAMPLE NAME LABEL ADDED LENGTH
Label
Mode 1.2neds0e2.s3 Mode 1 Today, 20:26:10 3s
Mode 1
Mode 1.2neds0e2.s2 Mode 1 Today, 20:26:10 3s
Sensor
Mode 1.2neds0e2.s1 Mode 1 Today, 20:26:10 3s
Built-in accelerometer
Mode 1.2nebrb80.s25 Mode 2 Today, 19:43:55 3s
Mode 1.2nebrb80.s24 Mode 2 Today, 19:43:55 3s

Mode 1.2nebrb80.s23 Mode 2 Today, 19:43:55 3s

RAW DATA

Mode 1.2nebrb80.s22

Mode 1.2nebrb80.s22 Today, 19:43:55

Mode 1.2nebrb80.s21 Today, 19:43:55

Mode 1.2nebrb80.s20 Today, 19:43:55

Mode 1.2nebrb80.5s17 Today, 19:43:55

Mode 1.2nebrb80.5s16 Today, 19:43:55

Mode 1.2nebrb8o.s14 Today, 19:43:55



m CREATE IMPULSE (ANOMALY DETECTION)

Ad va n ced a Ig o rit h m Time series data Spectral Analysis o Classification (Keras) e

[ ] Axes Name Name
and ML expertise

Window size
Input axes Input features

accX Spectral features

e Advanced algorithm and DSP . e
expertise -

e No black boxes .
Explainable AutoML c
Knowledge sharing and aopl g

v

collaboration between teams Anomaly Detection (K- e

Output features

2 (Mode 1, Mode 2)

means)

Add a processing block pame

Anomaly detection

Innut features
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Go to market faster,
with confidence

e Hardware-aware development

e Full visibility across the whole ML
pipeline

e Test your development against
24hrs of real world data

e Tune the post-processing
algorithm to perform optimally

Copyright © Edge Impulse Inc.

APPLICATION TESTING (AUDIO-TESTING)

Training output

Simulated real world testing
Complete

Searching for optimal post-processi
Still searching...

Still searching...
Still searching...

a Generate a synthetic sample, run the model across it, and print the results.

Choose your post-processing configuration Still searching...
" 4 . . R R Still searching...
Click a point to select your preferred trade-off between false activations and false rejections. Still searching...

Still searching...

' Default config (minimizes FAR and FRR) ‘ Alternative config 5“:: searching...
Still searching..

Found 8@ potential post-processing

. Done

0.35 Job completed

0.40

0.30

False rejection rate

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

False activation rate

Metrics for selected configuration
The chosen config has an overall FAR of 0.269 and FRR of 0.333.

LOWEST COMBINED FAR AND FRR



Deploy

Deploy to any edge
device with ease

The largest silicon ecosystem

Award-winning compiler

Get access to full source code

Full firmware integration for a

number of devices

e Digital twin for performance
profiling and analysis

e Enable brownfield and future

greenfield

Copyright © Edge Impulse Inc.

DEPLOYMENT (TUTORIAL: CONTINUOUS MOTION RECOGNITION)

Deploy your impulse

Create library

Turn your impulse into optimized source code that you can run on any device.

M2
NVIDIA.

ebAssembly TensorRT library

Build firmware

Or get a ready-to-go binary for your development board that includes your impulse.

You can deploy your impulse to any device. This makes the model run without an internet
connection, minimizes latency, and runs with minimal power consumption. Read more.

C 22 &

C++ library Arduino library Cube.MX CMSIS-PACK

END OF LIFE



Silabs xG24 - Documentation

=- EDGE IMPULSE

Getting Started

Getting Started: Next Steps

APl and SDK references

What is embedded ML, anyway?

Frequently asked questions

EDGE IMPULSE STUDIO
Dashboard

Devices

Data sources

Data acquisition

Data explorer

Impulse design

Bring your own model (BYOM)
Processing blocks
Learning blocks

EON Tuner

Retrain model

Live classification

Model testing

https://docs.edgeimpulse.com/docs/development-platforms/officially-supported-mcu-targets/silabs-xg24-devkit

SiLabs xG24 Dev Kit

The Silicon Labs xG24 Dev Kit (xG24-DK2601B) is a compact, feature-packed development
platform built for the EFR32MG24 Cortex-M33 microcontroller. It provides the fastest path to
develop and prototype wireless loT products. This development platform supports up to +10 dBm
output power and includes support for the 20-bit ADC as well as the xG24's Al/ML hardware
accelerator. The platform also features a wide variety of sensors, a microphone, Bluetooth Low
Energy and a battery holder - and it's fully supported by Edge Impulse! You'll be able to sample raw
data as well as build and deploy trained machine learning models directly from the Edge Impulse
Studio - and even stream your machine learning results over BLE to a phone.

The Edge Impulse firmware for this development board is open source and hosted on GitHub:
edgeimpulse/firmware-silabs-xg24.

2.4 GHz
Chip Antenna
Left12S Reset Button Right 128 I 30.4 mm |
Microphone Top View Microphone Btici iéw — B
EFR32MG24
Wireless Gecko
Hall Effect
U.FL (ADC) SeTadr
Connector

On-board USB

Ambient  J-Link Debugger
Light & UV External

Sensor  gattery Connector

51.0 mm

20-pin EXP-header
Breakout Pads

qwiic Header Mini Simplicity
Connector
6-axis
Inertial Sensor Pressure
Sensor
RGB LED

.z
o4
.
.
.
»
o
Py
-
[
@

Humidity and !
Temperature Sensor oh 07
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Forum Q Search %K

f#) Export as PDF

& Copy link

ON THIS PAGE
Installing dependencies
Updating the firmware
Connecting to Edge Impulse
Bluetooth Demo

Next steps: Build a machine lear...
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Condition Monitoring vs
Predictive Maintenance



Condition Monitoring vs Predictive Maintenance
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= Condition monitoring is the process of continuously
monitoring the condition of assets in real-time to identify existing

or emerging faults gnO $on e J—» .

= Predictive maintenance is a strategy that uses data analysis , 120 Cm B N
and modeling to predict when maintenance should be he( : “LEDO .
performed. 170 \
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Condition Monitoring - Anomaly
detection



Anomaly Detection

- Predictive maintenance can be aided by anomaly
detection algorithms.

= Training classification models for classes where
examples captured of idle states, nominal and
introduced faults can build a strong base.

&S SILICON LABS 24  ©2023 Silicon Laboratories Inc. All rights reserved.

Anomaly detection

All potential
inputs

Unseen input
(anomaly)

~—

Training data

AN

o0 %

S/

IMAGIKE



Anomaly detection today

Input

DSP Features

Clustering algorithm

Great for basic sensor data
for which you can reason about features

Feature importance @

o
a

a

N
e
=
w

o
a
o
x
x
=
n

accZ Stdev

accZ Spectral Power 33.59 - 35.16 Hz

accX Spectral Power 36.72 - 38.28 Hz

)
a
o
x

Spectral Power 38.28 - 39.84 Hz

accX Spectral Power 42.97 - 44.53 Hz

accX Spectral Power 35.16 - 36.72 Hz

Alldata v
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Pl
— EDGE IMPULSE Training data Test data | | Upload data Export data

3 Dashboard Data explorer H
# Devices
The data explorer shows a complete view of all data in your project. You can clear labels through the menu on the right, and inspect or change labels by clicking on individual data items. Learn more,
/- Data sources
- g Label colors: ® Data labels O Predictions
= Data acquisition
@® 00_idle
- Impulse design @ 01_nominal
®  Createimpulse
@®  Spectral features
® NN Classifier
® Anomaly detection
@ EON Tuner

Retrain model
7% Live classification

£ Model testing

lss Performance calibration
P Versioning

s Deployment

GETTING STARTED
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X @ 0O

Dashboard

Devices

Data sources

Data acquisition
Impulse design

® Create impulse

®  Spectral features
® NN Classifier

® Anomaly detection
EON Tuner

Retrain model

Live classification
Model testing
Performance calibration
Versioning

Deployment

GETTING STARTED

Training data  Testdata | | Upload data  Export data

Data explorer

The data explorer shows a complete view of all data in your project. You can clear labels through the menu on the right, and inspect or change labels by clicking on individual data items. Learn more.

Label colors: @ Data labels O Predictions

@® 00_idle
@ 01_nominal
@® anomaly




.
i EDGE IMPULSE Training data Test data | | Upload data Export data

e

Data explorer

[CJ Dashboard
& Devices
The data explorer shows a complete view of all data in your project. You can clear labels through the menu on the right, and inspect or change labels by clicking on individual data items. Learn more.
7. Data sources
€  Data acquisition Label colors: @ Data labels O Predictions
00_idle
A Impulse design 01_nominal

anomaly_heavy-load
anomaly_seal-failure

@® Create impulse
anomaly_unknown

@®  Spectral features
® NN Classifier
® Anomaly detection

@ EON Tuner

Retrain model

73 Live classification

Model testing

bl Performance calibration

Versioning

s Deployment

GETTING STARTED
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Predictive Maintenance -
Transfer Learning



Audio Event Detection

{1} AudioSet

Ontology > Sounds of things >

< Engine
The sound of a machine designed to produce mechanical energy. Combustion engines burn
a fuel to create heat, which then creates a force. Electric motors convert electrical energy

into mechanical motion. Other classes of engines include pneumatic motors and clockwork
motors.

16,245 annotations in dataset

- Audio events detected in other models can help identify % - h

similar types in another e.g. engine sounds used in the — Light engine (high frequency)
type of engine may help identify our idling one. oot BT TRl

— Medium engine (mid frequency)

The sound of a moderately-sized engine such as that which powers a motorcycle, sedan, or
small truck

6,132 annotations in dataset
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Public Project: Machine Health and Condition Monitoring

Eoin /
& e Machine health and condition monitoring using Edge Impulse
Data acquisition p I atfo rm ]

4\ Impulse design

0

This is your Edge Impulse project. From here you acquire new training data, design impulses and train models.

® Create impulse
@ KEYWORD SPOTTING

® MFE

®  Classifier
Getting started - Sharing
z EON Tuner

Retrain model Start building your dataset or validate your model's on-device performance: Your project is private.

. e . Rl
75 Live classification [I—’ Make this project public |

- H
Model testing = E >

Il Performance calibration Add existing data Collect new data Upload your model —
Collaborators (1/4) 2 )

Versioning
Start with a tutorial a Eoin  owWNER

w¢ Deployment ) . o )
Not sure where to start? Follow a tutorial to build your first model in just minutes!

GETTING STARTED
Summary

@ Documentation

® Forums Launchpad \ A % . n DEVICES CONNECTED
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Q&A

Eoin Jordan
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Thank you!

Eoin Jordan | eocin@edgeimpulse.com
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Tutorials:

Advanced Anomaly Detection with Edge Impulse (Custom
DSP Blocks, Feature Importance):
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