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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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1 The Raspberry Pi
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The Raspberry Pi’s

Rasbian, the Linux
Debian port for Raspberry
Pi, is launched.

o

The 1st edition Raspberry Pi
Model B goes on sale.

The simpler, cheaper Model A
is launched with fewer
peripherals and connectors.

IS

Raspbian

G i

NOOBS (New Out of Box
Software) is released to make
OS installation easier.

Sy ) G B W D Y

| ¥

i1t

The Model B+ is
launched with small, yet
important changes to
the original form factor.

The Raspberry Pi Zero is
launched at an astounding
price under $10.

The Raspberry Pi Computer
) Module 3 is launched.

o

The Raspberry Pi Compute
Module, aimed at embedded
Pi projects, is released.

The Raspberry Pi 3 is launched
with a 64-bit quad core processor
and built-in WiFi and Bluetooth
Low Energy.

The Raspberry Pi Zero W is launched
bringing wireless functionality to the
Zero platform at a very low price.

Raspberry Pi 2 (model B) is
launched with a faster processor
and double the memory.

o

Raspberry Pi manufactured
its T millionth board.

Source: https://www.sparkfun.com/raspberry_pi

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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The Raspberry Pi’s

The Compute Module 4 is
launched, marking a large
redesign of the platform.

o

: The Raspberry Pi 400 is
The official OS for the —O launched as a Raspberry Pi

Pi, Rasbian, is renamed bedded i s
“Raspberry Pi 0S” em in a keyboard.

The Compute Module
3+ launches, providing
an embedded version
of the 3B+

The Raspberry Pi 3 Model B+ is
launched with a better processor
and 5 GHz wireless capability.

Raspberry Pi launches
the Pico with its own
RP2040 microcontroller.

A more compact and
more economic Model
A+ launches.

The Raspberry Pi 4 is launched,
featuring support for two displays
(4k). gigabit ethernet, and a USB
Type C port for power.

Source: https://www.sparkfun.com/raspberry_pi

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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The Raspberry Pi Pico

A $4 MCU board
« RP2040
e Dual Core

* SDK's
« C
* MicroPython

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Are you planning to follow along with a Raspberry Pi Pico?
- Yes

- No

- Not sure

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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2 The Raspberry Pi Pico Hardware
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The Module Overview
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The RP2040 Microcontroller

. — generation | o citat _
» Dual ARM Cortex-M0+ @ 133MHz || — — |
 264kB on-chip SRAM g E5
 Support for up to 16MB of off-chip 1

PWM Power on state

F I a S q UART x2 machine

GPIO v
o ——t [ Timer | [ sysetrl | ] ! [ I | |
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The RP2040 Microcontroller

r Control

Cortex-MO+ Cortex-MO+ System DMA
Core0 Core 1 1-Write 1-Read

! I -

AHB-Lite Crossbar 4:10

AHB-Lite Splitter
ROM SRAMO SRAM1 SRAM2 SRAM3 SRAM4 SRAMS APB Flash PI00 PIOT USB
16 kB 64 kB 64 kB 64 kB 64 kB 4 kB 4 kB Bridge XIP

APB Splitter

S S A A A NS SN S S B AR R A Y

Watch- Other peripherals
UARTO UART SPIO SPI1 12CO 12C1 ADC PWM Timer do RTC S -
’ control registers

13
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3 Development Board Options and
Accessories
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Raspberry Pi Pico
Raspberry Pi Pico Raspberry Pi Pico H Raspberry Pi Pico W
« PN: SC0915 « PN: SC0917 « PN: SC0918
 Standard Configuration * With Pins *  Wi-Fi

15
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Raspberry Pi Pico Expander

MM2040EV 103100142

 SWD / JTAG connector « SWD / JTAG connector
* uSD card slot * GPIO expansion

* GPIO expansion * Sensor connectors

16
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Raspberry Pi Pico Alternatives

WizFi360-EVB-Pico Arducam Arduino Nano RP2040
*  PN: WizFi360-EVB-Pico - PN: DEV-18439 *  PN: ABX00052
 Standard Configuration « Camera + Display  Standard Configuration

OO0 0 0

. ;ID!IEI’ .cc

17
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What do you think is the most interested feature of the Raspberry Pi
Pico?

- Dual Core Microcontroller

- MicroPython Support

- I/O Capabilities

- Cost

- Development board options

- Other

18
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3 Machine Learning
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What is machine learning?

“Machine learning is a field of computer
science that often uses statistical
techniques to give computers the
ability to ‘learn’ with data, without being
explicitly programmed”

- Wikipedia

20
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Machine Learning Application #1 - Keyword Spotting

Input speech signal

S00

Speech features Neural network
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2 *7 — - — O*O —>“On” 0.01
c ad y
0 2000 {4~ e O “Off” 0.01
2 s N N el L, O |
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14 0. Time —»
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21
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cnn.py - OpenMV IDE =1 X
File Edit Tools Window Help
cnn.py* s X Line: 24, Col: 46 Frame Buffer

10 nsor.set auto gain(False)

11 sensor.set auto exposure(False)

12

1 labels = ['airplane', 'automobile', 'bird', 'cat i
14
1 clock = time.clock()

| e(True):

| clock.tick() Upd

1 img = sensor.snapshot().lens corr(1.6)

1 out = img.classify object()

I 1 9% at ], «

max_idx = out.index(max(out))

ut[i]), er
print("%s : %0.2f%% "%(labels[max idx], (bu(v y u
rmin an ~A @ : .
)6 . 8¢ A

a

ial Ter... Firmware Version: 2.8.0 - [ ...  Serial Port: ttyACMO  Drive: /run/media/mux/DISK FPS: 0

OpenMV Cam with a Cortex-M7 Video :
https://www.youtube.com/watch?v=PdWi fvY90g

22
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Machine Learning Application #X - Choose your own adventurel!

 Gesture classification

* Anomaly detection

* Analog meter reader

* Guidance and Control (GNC) P
« Game Al [ W
» Package detection S ¢
* (a plethora of applications)

23
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.



Continuing S
‘ ‘ Education Sponsored By
Center

What application are you most interested in using Machine Learning
for?

- Keyword spotting

- Image classification

- Predictive maintenance
- Other

24
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Machine Learning Resources

OREILLY * O'Reilly TinyML by Pete Warden and Daniel Situnayake
T|nyML * Machine Learning On Cortex-M Processors White Paper

mmminmeise o lmage Recognition on Arm Cortex-M with CMSIS-NN
« TensorFlow Lite for Microcontrollers

« Keras — Deep Learning in Python

« STM32 Solutions for Artificial Neural Networks

« Edge Impulse

 Teachable Machine

26
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.


https://www.oreilly.com/library/view/tinyml/9781492052036/
https://developer.arm.com/solutions/machine-learning-on-arm/developer-material/how-to-guides/image-recognition-on-arm-cortex-m-with-cmsis-nn/next-steps
https://developer.arm.com/solutions/machine-learning-on-arm/developer-material/how-to-guides/image-recognition-on-arm-cortex-m-with-cmsis-nn/next-steps
https://www.tensorflow.org/lite/microcontrollers
https://keras.io/
https://www.st.com/content/st_com/en/stm32-ann.html
https://teachablemachine.withgoogle.com/
https://teachablemachine.withgoogle.com/
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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

27
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