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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.

Submit questions for the lecturer using the Q&A widget. They will follow-up
after the lecture portion concludes.

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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THE SPEAKER

Beningo Embedded Group - President

Focus: Embedded Software Consulting

An independent consultant who specializes in the design of real-time,
microcontroller based embedded software.

He has published two books:

» Reusable Firmware Development

« MicroPython Projects

« Embedded Software Design (https://bit.ly/3PZCtNO)

Writes a weekly blog for DesignNews.com focused on embedded
system design techniques and challenges.

Visit www.beningo.com to learn more ...

Jacob Beningo

Visit ‘Lecturer Profile’ Visit ‘Lecturer Profile’ in your console for more details.

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.


https://www.amazon.com/Reusable-Firmware-Development-Practical-Approach-ebook/dp/B07811CX8Q/ref=sr_1_1?dchild=1&keywords=reusable+firmware&qid=1589410049&sr=8-1
https://www.amazon.com/MicroPython-Projects-do-yourself-applications-ebook/dp/B086CXMYZV/ref=sr_1_1?dchild=1&keywords=MicroPython+Projects&qid=1589410080&sr=8-1
https://bit.ly/3PZCtNO
http://www.beningo.com/
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Course Sessions

» Getting Started with the Raspberry Pi Pico and Machine Learning
« Machine-Learning Tools and Process Flow

» Collecting Sensor Data Using Edge Impulse

» Designing and Testing a Machine-Learning Model

* Deploying Machine-Learning Models and Next Steps

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Live Classification

—- EDGE IMPULSE

Dashboard

# Devices

7~ Data sources
€ Data acquisition
A Impulse design
Create impulse
Spectral features
NN Classifier
EON Tuner

Retrain model

75 Live classification

Model testing
Performance calibration
P Versioning

W Deployment

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Classify new data

Device ®

Sensor
Sample length (ms.)

Frequency

PicoBoard

Inertial
5000

62.5Hz

Start sampling

[ *% Connect using WebUSB ]
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~ : . _ . r N _
O O beningo — node [usr/local/bin/edge-impulse-daemon — 80x24 Summary

[SER] Device is not connected to remote management API, will use daemon
Connecting to wss://remote-mgmt.edgeimpulse.com
[WS ] Connected to wss://remote-mgmt.edgeimpulse.com
[\ Device "PicoBoard" is now connected to project "Beningo-CEC-PicoML" Name testing.3fievqum
[\ ] Go to https://studio.edgeimpulse.com/studio/145881/acquisition/training to
build your machine learning model!
[ws 1] Incomlng sampllng request {
path: '
label: ‘uw ting
length: 5000,
interval: 16,
hmacKey: '6 c563cl54fdec? Pee4che Circle
sensor: 'Inertia
}
[SER] Configured upload settings
Sampling started
Sampling done
Device not connected to WiFi directly, reading from buffer (bytes @ - 9842
, expecting to read ~13122 bytes...
Reading from buffer OK Wave
File is 9842 bytes after decoding
[SER] Uploading to https://ingestion.edgeimpulse.com/api/testing/data
[SER] Uploading to https://ingestion.edgeimpulse.com/api/testing/data OK

Expected outcome testing

Idle

UpDown 38

uncertain

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Live Classification

RAW DATA

testing.3fibvqum

PALLLLE A o 2
v ;. Y} V- Ty ","‘, 1 .acc‘f .
)v " V J .ath .
4096

Raw features [
-2.1709, 0.7254, 7.8069, -57.3120, -6.1035, 7.0801, -1.5903, 1.3102, 9.1034, -34.4849, -29.3579, 16.5405, —0.9786, 1.5431, 9.4798, -18.4937, -28..

Spectral features

Circle

Idle

UpDown
Wave
classified
classification 0

Qeocooooo

Processed features
1.2504, -0.6556, -0.4587, 0.6740, 0.6320, 0.4477, 0.2331, 0.1106, -0.3750, -0.4442, -0.6179, 0.7397, 0.3366, —0.2932, 0.5874, 0.1998, 0.3241, -0..

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Live Classification

RAW DATA

Summary testing.3fi7qo6u

Name testing.3fi7qo6u
0] 512

Expected outcome testing Raw(featireshiD

1.9513, -1.0977, 14.1761, -78.1860, 4.2725, -52.4902, 2.3128, -1.3108, 13.9714, -66.7114, -12.2681, -54.5044, 2.7886, -1.3958, 14.4957, -37.5977..

Spectral features
Circle 38

@ Circle @

@ Idle a w °

® UpDown & [ ] @Ry @O
|d|e ® Wave .

@ classified ' ©

© dlassification 0

. o0 ap.
UpDown
® (Y
)

Wave

Processed features

2.5016, -0.2567, -1.2922, 1.5504, 0.7463, 0.3064, 0.4965, 0.2037, 0.0596, -0.1115, -0.0204, 1.7887, -0.1181, -1.3611, 1.0246, 0.2155, 0.3642, O...
uncertain

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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[s live classification deploying the model to the Pico?

1) Yes
2) No
3) Not sure

10
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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2 Deploying to the Pico

11




Continuing P
Education Sponsored By w
Center CORPORATION /

Deploying to the Pico

—- EDGE IMPULSE

Create library

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

# Devices

R €

7~ Data sources
ARDUINO

[({J

Data acquisition

C++ library Cube.MX CMSIS-PACK

A Impulse design

Create impulse g\
Spectral features M NVIDIA \

NN Classifier
EON Tuner
Retrain model .
sssssssssss
Live classification Synaptics

Model testing

Performance calibration

P Versioning Tip: Use Raspberry Pi to simplify data collection and
3 B then deploy model to desired target!

12
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Deploying to the Pico

Build firmware

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

Raspberry Pi RP2040

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Deploying to the Pico

Select optimizations

Model optimizations can increase on-device performance but may reduce accuracy. Click below to analyze optimizations and see the recommended choices for your target. Or, just click Build
to use the currently selected options.

; Enable EON™ Compiler
% Same accuracy, up to 50% less memory. Open source.

Available optimizations for NN Classifier

Quantized (int8)
1.8K 1ms

This optimization is recommended for best

19.1K -
performance.

Unoptimized (float32)

2.0K 1ms ° 0 0 0
Click to select ‘ 0 0 0

19.8K 96.88% o7 0 0 2

14
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Deploying to the Pico

save As: |_beningo-cec-picoml-rp2040-2 Built Raspberry Pi RP2040 firmware
33 Dropbox Tags
Cilbenngs i Connect the RP2040 Pico to your computer using a micro-USB cable, making sure that you hold down the BOOTSEL
=, @, £ Dropbox e - Q button as you do so, to force it into USB Mass Storage Mode. Drag the firmware file (*.uf2) from archive to newly
2 Applications R oo .
appeared USB Mass Storage device.

EljEessior Name ~  Size Kin

> B9 AMP [©) - Fol
& iCloud Drive > [ Astronomy [©) — 2
£@ Shared > [&] Beningo Dropbox @ -- Fo Downloade

> [ Beningo_Embedded_Group © — Fo

> : Camera Uploads [©] -- Fo @ AirDrop
2 G-RAID > 5 FSS Software ©] = @ © Recents
& Media s B Media P B AR testuser-

> B ReadingQueue - Fo =) Desktop are.uf2 project-...0-19.zip
@ Network - 9 [ Documents .

> [ Transfer -~ Fol

@© Downloads

)} dmitrymas...

New Folder Cancel

7 iCloud Drive

9 Shared

|} Network @® Network

> 0:11/0:11 » 0:11/0:11

Then, from your terminal or command prompt run: | | . . .
Then, from your terminal or command prompt run: edge-impulse-run-impulse

15
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What deployment mechanism is most interesting to you?
- Library

- Compiled firmware
- Other

16
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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! Running the Impulse
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Running the Impulse

O] [ ) beningo — node Jusr/local/bin/edge-impulse-run-impulse — 80x24 O © & beningo — -zsh — 83x24

Serial is connected, trying to read config...
Retrieved configuration

Device is running AT command version 1.7.0
Started inferencing, press CTRL+C to stop...

| Incoming sampling request {
path: '/: ng/ ;
label: 'testing
length: 5000,
interval: 16,
hmacKey:
sensor: 'I
}
[SER] Configured upload settings
Sampling started
Sampling done
Device not connected to WiFi directly, reading from buffer (bytes @ - 9962
, expecting to read ~13282 bytes...
Reading from buffer OK
File is 9962 bytes after decoding
[SER] Uploading to https://ingestion.edgeimpulse.com/api/testing/data
[SER] Uploading to https://ingestion.edgeimpulse.com/api/testing/data OK
AC[SER] Received stop signal, stopping application... Press CTRL+C again to forc
e auit.
beningo®Jacobs-MacBook-Pro ~ % edge-impulse-run-impulse
Edge Impulse impulse runner v1.16.0

: Failed to find sensor 'accX + accY + accZ + gryX + gryY + gryZ' in the sensor
list
> AC[SER] Received stop signal, trying to stop inferencing... Press CTRL+C again to
force quit.
[SER] Failed to stop inferencing ENXIO: no such device or address, write
beningo@Jacobs-MacBook-Pro ~ % edge-impulse-run-impulse
Edge Impulse impulse runner v1.16.0
2 /dev/tty.usbmodem32141401 (Raspberry Pi)
[SER] Connecting to /dev/tty.usbmodem32141401
[SER] Serial is connected, trying to read config...
[SER] Retrieved configuration
[SER] Device is running AT command version 1.7.0
[SER] Started inferencing, press CTRL+C to stop...
1 SF
ERR: Failed to find sensor 'accX + accY + accZ + gryX + gryY + gryZ' in the sensor
list
> AC[SER] Received stop signal, trying to stop inferencing... Press CTRL+C again to
force auit.
beningo@Jacobs-MacBook-Pro ~ %

/dev/tty.usbserial-A700e6DP (FTDI)

18
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Running the Impulse

Starting inferencing in 2 seconds...
Sampling... Storing in file name: /fs/device-classification261
Tensor shape: 4
Predictions (DSP: 17 ms., Classification: 1 ms., Anomaly: 0 ms.):
idle: 0.00004
snake: 0.00012
updown: 0.00009
wave: 0.99976
anomaly score: 0.032

Finished inferencing, raw data is stored in '/fs/device-classification261'. Use AT+UPL

19
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How quickly will you pursue your next ML project?
- Next week

- Within the next 3 months

- Within the next 3 - 6 months

- More than 6 months from now

- I don’t know

20
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4 Going Further
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Thank you for attending

Please consider the resources below:
¢ www.beningo.com

« Blog, White Papers, Courses
« Embedded Bytes Newsletter
 http://bit.ly/1BAHYXm

« Embedded Software Design
« https://bit.ly/3PZCINO

From www.beningo.com under

- Blog > CEC — Developing Machine-Learning Applications on the Raspberry Pi Pico

22
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