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Webinar Logistics

* Turn on your system sound to hear the streaming presentation.

* If you have technical problems, click “Help” or submit a question
asking for assistance.

* Participate in ‘Group Chat’ by maximizing the chat widget in your
dock.
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THE SPEAKER Beningo Embedded Group - President

Focus: Embedded Software Consulting and Training

Specializes in creating and promoting embedded software
excellence in businesses around the world.

; ¥ M. p th i
Reusable !cro AL Embedded

Firmware 1 Software

Development N Ay Desi

Blogs for:
* DesignNews.com
* Embedded.com

JaCOb Bel’lil’lgO *  EmbeddedRelated.com
*  MLRelated.com

Visit ‘Lecturer Profile’
Visit www.beningo.com to learn more ...
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Course Sessions

* Al and ML for Microcontrollers

«  Writing Embedded Software with ChatGPT and Open.Al
« Tools for Machine Learning in Microcontrollers

» Training a Model for the STM32

« Deploying Machine Learning Models

© 2023 Beningo Embedded Group, LLC. All Rights Reserved.
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Capturing, Cleaning, and Labeling Data

Capture data Train NN Model

STM32 f’

Cube Al
Clean, label data Convert NN into
Build NN topology optimized code for MCU

© 2023 Beningo Embedded Group, LLC. All Rights Reserved.
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Capturing, Cleaning, and Labeling Data

1) Online Data Sets
2) Generate It

3) Collect it

4) Buy it

Collecting it is the most

Dataset Size (# samples)

. Canadian Wﬁ/'T
10 Hansard
108 ¢ ImageNet 10k

o
107 ImageNet ® Sports-1M
106 PUb”C SVH ILSVRC 2014
10° o
10¢ | Criminals MNIST ciFar-10
103 ¢
IRIS
102 ¢
Tvs.Gvs. F
101 ° °
100 Rotated T vs. G
1900 1950 1985 2000 2015

Interesting ... (and the most work)
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Example Application - Gesture Classification

Label 1 - Up and Down Label 2 — Wave Label 3 — Circle

© 2023 Beningo Embedded Group, LLC. All Rights Reserved.
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How do you plan to get the data for your own applications?

- Online Data Sets

- Generate it (through simulation)
- Collect it (experimentation)

- Buy it

© 2023 Beningo Embedded Group, LLC. All Rights Reserved.
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Edge Impulse

EDGE IMPULSE I Creating your first impulse (100% complete)

E Acquire data

E d e I m u I S e Wa S d e S i n e d fo r Dashboard Every Machine Learning project starts with data. You can capture data from
g p g a development board or your phone, or import data you already collected.

B Devices

software developers, engineers and <
domain experts to solve real problems G

Create impulse data. Use this to categorize new data, or to find anomalies in sensor

using machine learning on edge

A GETTING STARTED: CONTINUOUS MOTION RECOGNITION

devices without a PhD in machine

NN Classifier
| Iﬁ] M Iw @ GETTING STARTED: ADDING SIGHT TO YOUR SENSORS
e a r I g A Anomaly detection
-
Retrain model w Deploy

Package the complete impulse up, from signal processing code to trained
Live classification model, and deploy it on your device. This ensures that the impulse runs with

L]
low latency and without requiring a network connection.
www.edgeimpulse.com

<[> DEPLOY YOUR MODEL

I Versioning

11
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Edge Impulse

. N s
== EDGE IMPULSE Creating your first impulse (100% complete)

DevBoards Running
E Acquire data
Ed gel m pu Ise SOftwa re Dashboard - Ev;ry Machinte Learning project starts with data. You can capture data from

a development board or your phone, or import data you already collected.

o LET'S COLLECT SOME DATA DeSign Space

# Devices

Data COIIECtion € Data acquisition
MOdeI DESign —.I v Impulse design I e Design an impulse

Teach the model to interpret previously unseen data, based on historical

Create impulse data. Use this to categorize new data, or to find anomalies in sensor

readings.
Spectral features

A GETTING STARTED: CONTINUOUS MOTION RECOGNITION
Spectrogram
& GETTING STARTED: RESPONDING TO YOUR VOICE

NN Classifier
3 GETTING STARTED: ADDING SIGHT TO YOUR SENSORS

Anomaly detection

Tra i ni n g Retrain model w Deploy

Package the complete impulse up, from signal processing code to trained

Live Testi n g 23 Live classification model, and deploy it on your device. This ensures that the impulse runs with
o o low latency and without requiring a network connection.
Model Validation — & wodeiesing |

P Versioning

<[> DEPLOY YOUR MODEL

12
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Edge Impulse - Board Setup

Visit https://docs.edgeimpulse.com/docs

Get started with any device

Follow these three steps to build your first embedded Machine Learning model - no worries, you can use almost any device to get

started.

1. You'll need some data:
* |f you have an existing development board or device, you can collect data with a few lines of code using the
e e e e it pported development boards, follow these steps to collect data from the real world:

I' ST B-L475E-IOTO1A

13

* |f you already have a dataset, you can upload it via the

© 2023 Beningo Embedded GrOUp * |f you have a mobile phone you can use it as a sensor to collect data, see


https://docs.edgeimpulse.com/docs

Continui
Education” BENINGO

Sponsored By

Center EMBEDDED GROUP & corronaron & 44

Capturing and Labeling Data

Record new data

Device ®

C4:7F:51:03:EC:54 v

Label Sample length (ms.)

Circle 10000

DATA ACQUISITION (BENINGO-PROJECT-1)

Training dat
Sensor Frequency P

in accelerometer v 62.5Hz v
Built-in accelerometer 62.5H 1

Did you know? You can capture data from any device or development board, or upload your existing datasets

_ B 2
7m 30s @ 3

14
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What type of ML project are you most likely to work on in the near
future?

- Hobby project
- Work project
- Other

15
© 2023 Beningo Embedded Group, LLC. All Rights Reserved.
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3 Training a Model
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Training a Model Overview

Time Series Parameter Setup

Feature Analysis

Neural Network Design

Training

Model Validation
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Training a Model - Impulse Design

Time series data

Axes

accX, accy, accZ

Window size ©)
ﬁ

2000 ms.

Window increase

Zero-pad data
[

© 2023 Beningo Embedded Group, LLC. All Rights Reserved.
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Training a Model Impulse Design

DSP result

Spectral Analysis o After filter

Name

Spectral features

Input axes

19
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Training a Model - Impulse Design

Parameters Generate features

Training set

Feature explorer (4,529 samples)

Data in training set

®
X Axis Y Axis Z Axis
accX RMS v accY RMS v accZ RMS v
® (Circle ’
7m 30s © Updown ) & w ‘
® Wave
S o
Classes 3 (Circle, Updown, Wave) d
20 °

s [+)
Window length 2000 ms. a

- 15
Z
(V2]

Window increase 80 ms. 10

Training windows 4,529 5 @
‘0
N 35
£ £ v 3
& S 2
) 10
' 12
Generate features

(W

© 2023 Beningo Embedded Group, LLC. All Rights Reserved.
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Training a Model - Impulse Design

Time series data

Axes

accX, accy, accZ

Window size

ﬁ

Window increase

Zero-pad data
]

© 2023 Beningo Embedded Group, LLC. All Rights Reserved.

©)

2000 ms.

Spectral Analysis

Name

Spectral features

Input axes

accX
accy
accZ

Neural Network (Keras) a

Name

NN Classifier

Input features

Spectral features

Output features

3 (Circle, Updown, Wave)

Output features

3 (Circle, Updown, Wave)

Save Impulse

21
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Training a Model Impulse Design

Neural Network settings

Neural Network (Keras) 6 raining settings 100 - 150
Number of training cycles ®

Name
[ 00001
NN Classifier
Minimum confidence rating ® 0.70

Input features

0.80

Neural network architecture

Spectral features

Output features

Dense layer (20 neurons)

Dense layer (10 neurons)

3 (Circle, Updown, Wave)

Output layer (3 features)

22
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Training a Model - Results

Training output -

114/114 - 1s - loss: 0.0592 - accuracy: 0.9768 - val_loss: 0.0627 - val_accuracy: 0.9801
Epoch 30/30

114/114 - 1s - loss: 0.0584 - accuracy: 0.9763 - val_loss: 0.0618 - val_accuracy: 0.9790
Finished training

Saving best performing model...

Converting TensorFlow Lite float32 model...

Converting TensorFlow Lite int8 quantized model with float32 input and output...
Converting TensorFlow Lite int8 quantized model with int8 input and output...
Calculating performance metrics...

Profiling float32 model...

Profiling int8 model...

Model training complete

J COMp ‘7 = LEL

23
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Training a Model - Results

Model Model version: @ | Quantized (int8) v]

Last training performance (validation set)

97.4% 0.06

Confusion matrix (validation set)

3.3% 0%
4.4% 0%
0% 0%
0.96 0.96 1.00

24
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Training a Model - Results

Feature explorer (full training set) @

accX RMS v accY RMS v accZ RMS v

© Circle - correct

® Updown - correct 25

® Wave - correct

® Circle - incorrect 20

® Updown - incorrect .

® Wave - incorrect B A%
AQ

o)

25
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How do you feel about these results? Are they ...
- Good

- Okay

- horrendous

- Other (put your though in the chat box please)

26
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4 Going Further
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Al and ML Resources

Jacob’s Al Blogs
Jacob’'s CEC courses

+ Jacob’s ML Blogs BENINGO

EMBEDDED GROUP

Embedded Bytes Newsletter
* http://bit.ly/1IBAHYXm

www.beningo.com

28
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