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Arduino Nano 33 BLE Sense Rev 2
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ARM to brytyjska firma, ktéra zajmuje sie projektowaniem i
licencjonowaniem architektury ARM. Inni producenci
produkujg na jej podstawie mikrokontrolery.

https://en.wikipedia.org/wiki/ARM_Cortex-M#Cortex-M4
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Arduino

Edukacyjna platforma elektroniczna open source oparta
na fatwym w uzyciu sprzecie i oprogramowaniu

Arduino to hardware (board) oraz software (program)

tania platforma edukacyjna N do programowania uzywany jest jezyk
do nauki programowania oparty na Wiring oraz Arduino IDE oparte

oraz elektroniki na technologii Processing.
ARDUINO

Arduino bada otoczenie, otrzymujac
dane z wielu czujnikow i wptywa na
nie, sterujgc swiattami, silnikami i
innymi urzgdzeniami elektronicznymi.

Jest przeznaczona dla kazdego, kto tworzy
interaktywne projekty.

https://www.arduino.cc/
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Arduino ..

HARDWARE SOFTWARE + CLOUD PROGRAMMING + TUTORIALS LEARN

Overview Essentials Tutorials Get Inspired Resources

Nano 33 BLE Sense Rev2

The Arduino Nano 33 BLE Sense Rev2 combines a tiny form factor, different
environment sensors and the possibility to run Al using TinyML and
TensorFlow™ Lite. Whether you are looking at creating your first embedded ML
application or you want to use Bluetooth® Low Energy to connect your project
to your phone, the Nano 33 BLE Sense Rev2 will make that journey easy.

Setup Guide

How do you want to program?

( PINOUT @, ( DATASHEET & )

Arduino has developed software tools that work for beginners as well as advanced users. Select your

preferred choice and continue with the quickstart.

Arduino IDE 2.0 Arduino IDE 1.8 - web Editor

with features like debugging and The dlassic offline editor that has Our web-based editor with cores
code highlighting the new been downloaded over 50 million and libraries already installed.
Arduino IDE 2 makes coding times. You may choose this if Ideal for beginners and who
faster and easier. A great choice yourre following a book or other needs to keep their sketches.

for both beginners and more projects based on this older saved securely in the cloud and
Mvanced makers. version. synced across devices,

https://docs.arduino.cc/hardware/nano-33-ble-sense-rev2
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Arduino Nano 33 BLE Sense Rev2

opisy jak skorzystac z
czujnikow, Bluetooth,
mikrofonu itp.

Ard u i n O tutorials

HARDWARE SOFTWARE + CLouD

Overview Essentials

™ Access Barometric Pressure Sensor Data on Nano 33
BLE Sense

Learn how to read data from the LPS22HB barometric
pressure sensor on the Nano 33 BLE Sense board.

Barometric pressure Sensor

o Connecting Nano 33 BLE Devices over Bluetooth®

Learn about the history of Bluetooth®, how Bluetooth® Low
Energy works and how to connect two Nano BLE devices
over Bluetooth®.

Bluetooth®  Bluetooth® Low Energy

Iy Controlling RGB LED Through Bluetooth®

Learn how to control the built in RGB LED on the Nano 33
BLE Sense board over Bluetooth®, using an app on your
phone.

Bluetooth®  Bluetooth® Low Energy

PROGRAMMING + TUTORIALS LEARN

Tutorials Get Inspired Resources

I Accessing Accelerometer Data on Nano 33 BLE Sense
Rev2

Learn how to measure the relative position of the Nano 33
BLE Sense Rev2 through the BMi270 and BMM150 IMU
system.

IMU  Accelerometer

oy Accessing Gyroscope Data on Nano 33 BLE Sense Rev2
Learn how to measure the direction of force to emulate an

object's crash using the Nano 33 BLE Sense RevZ.

IMU  Gyroscope

Iy Accessing Magnetometer Data on Nano 33 BLE Sense
Rev2

Learn how to detect disturbances in the magnetic field
around an electronic device using the Nano 33 BLE Sense
Rev2 board.

https://docs.arduino.cc/hardware/nano-33-ble-sense-rev2
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Ard u i n O Blink example

o0 cketch_rnayl6a | Arduino IDE 2.1.0

File Edit Sketch Tools Help
Mew Sketch Ctrl+M

Mew Cloud Sketch Alt+Ctrl+MN

cketrh mavifia inn

Cpen.. Ctrl+O I % Blink | Arduino IDE2.1.0

Built-in examples

File Ed\'tSketch Teols Help

Sketchbook 3 .
01.Basics > AnalogReadSerial e e o [

Examples 4 o o Blink ino
02.Digital b BareMinimum

Close Ctrl+W 03 Al , ;
Analog 8

Save Ctrl+5 o — \ -
04.Coemmunication b DigitalReadSerial \ 1

Save As.. Ctrl+5hift+=5 12
05.Control ¥ Fade B

can control. On the UNO A and ZERO
R18@e on pin 6. LED_BUILTIN is set to
pendent of which board is used.

on-board LED is connected to on your Arduino

Preferences... Ctrl+Przecinek 0&.5ensors b ReadAnalagVoltage 16

07 Dizplay » -
Advanced » 28
0&.5trings » 21

22 https://www.arduine.cc/en/Tutorial /BuiltInExamples/Blink

blic domain.

Quit Ctrl+Q 09.USE 3 2
25 // the setup function runs once when you press reset or power the board
1G.StarterK|t_Ba5|cK|t b 26 ~ void setup() {

27 // initialize digital pin LED_BUILTIN as an output.

28 pinMode (LED_BUILTIN, OUTPUT);

11.Arduinel5P b 2 )

31 // the loop function runs over and over again forever

32 void loop() {

33 digitalWrite(LED BUILTIN, HIGH); // turn the LED on (HIGH is the voltage level)
34 delay(1688); / for a second

35 digitalWrite(LED_BUILTIN, LOW); the LED off by making the voltage LOW
36 delay(1800); for a second

37}




= sketch_may16a | Arduino IDE 2.1.0

File Edit Sketch Tools Help

.‘? ArdLHno Nanc 33 BLE ' _

LIBRARY MANAGER

Type:  Arduino v

Topic:  Sensors v

110 ~ INSTALL

Arduino_HS300x
1.0.0 installed

Allows you to read the temperature and humidity sensors of your Nano 33 BLE Sense R2.
More info

Ard u i n O temperture, humidity

ea sketch_may16a | Arduino IDE 2.1.0

File Edit Sketch Tools Help

Mew Sketch Ctrl+N
Mew Cloud Sketch Alt=Ctrl+N
Cpen... Ctrl+O
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Examples

Close Ctrl+W
Save Ctrl+5
Save As... Ctrl+Shift=5
Preferences... Ctrl+Przecinek
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no 33 BLE -

sketeh mavi1fa inn

Built-in examples
01.Basics
02.Digital

03 .Analeg
04.Communication
05.Centrol
08.5ensors

07 Display

08 5trings

0g.Use
10.5tarterkit_BasicKit
11.ArduinglSP

Examples for Arduino Mano 33 BLE
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Firmata

Keyboard
LiguidCrystal

MLC
Nano33BLE_System
PCM

Scheduler

sD

Senvo

Stepper

TFT

ThreadDebug

USB Mass Storage
USBHID

Examples from Custom Libraries

Arduino_H5300x

ReadSensorslmperial

o8 ReadSensors

File Edit Sketch Toocls

Arduine [DE 2.1.0

Help

ReadSen
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Auto Format

Archive Sketch

Serial Plotter
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Serial Monitor
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Ctrl+Shift+|

Ctrl+Shift+M

Output
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Ard u i n O examples

HARDWARE SOFTWARE + cLoup PROGRAMMING + TUTORIALS LEARN

Nano 33 BLE Sense Rev2 > Controlling the On-Board RGB LED with Microphone

Controlling the On-Board RGB LED with
Microphone

Built-in Examples

Learn the basics of Arduino through this collection tutorials. All code examples are

available directly in all IDEs.


https://docs.arduino.cc/tutorials/nano-33-ble-sense-rev2/microphone-sensor
https://docs.arduino.cc/built-in-examples/

obstugiwane platformy: m.in.

Android, iOS, Raspberry Pi

przeznaczony do
uruchamiania modeli
uczenia maszynowego na
mikrokontrolerach i innych
urzadzeniach z zaledwie
kilkoma kilobajtami
pamieci.

TensorFlow Lite for
Microcontrollers

napisany w C++ 17 i wymaga
platformy 32-bitowe;j

TensorFlow

Kompleksowa platforma open
source do uczenia maszynowego

ML na matych
urzgdzeniach (mobilnych,
wbudowanych,

brzegowych) T-e nS 0 r F I Gw

Tensor Flow Lite
TensorFlow 2.0 zostat

zaprojektowany, aby

Zoptymalizowany pod katem: ufatwi¢ budowanie sieci
opoznienia (brak f3cznosci z serwerem - chmurg) neuronowych do uczenia
prywatnosci (dane zapisywane s3 lokalnie), maszynowego

tacznosci (internet nie jest wymagany),
rozmiar (model jest zredukowany) i
https://www.tensorflow.org/?hl=pl
p O b O, r m Ocy https://www.tensorflow.org/lite/microcontrollers?hl=pl

https://www.tensorflow.org/lite/guide?hl=pl
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TensorFlow

CHALLENGE WINNERS

when we launched the Tensorflow Microcontoller Challenge, we invited developers to push the
boundaries of Tensorflow Lite for Microcontrollers. We want to send a big thank you to
everyone who participated for their incredibly inspiring submissions. And a huge

congratulations to our five winners!

MAPPING DANCE MOVE! SNORING GUARDIAN
Take control of lighting and video A snore-no-more device embedded in your
projections with your dance moves. Stay active, using movement to control a pillow.

variety of games.

przyktady uzycia biblioteki TensorFlowLite

SQUATS COUNTER VOICE TURN

https://experiments.withgoogle.com/collection/tfliteformicrocontrollers

Focus on your form, while this tracker A safer way for cyclists to signal using

counts your squats. their voice.


https://experiments.withgoogle.com/collection/tfliteformicrocontrollers
https://experiments.withgoogle.com/collection/tfliteformicrocontrollers

Arduino w

Nano 33 BLE Sense > Get Started With Machine Learning on Arduino

Get Started With Machine Learning on
Arduino

Learn how to train and use machine learning models with the Arduino Nano 33 BLE Sense

(® AUTHOR: Sandeep Mistry and Dominic Pajak ™ LASTREVISION: 16.05.2023, 11:50

9 This post was originally published by Sandeep Mistry and Dominic Pajak on the

TensorFlow blog.

9 Important noticel The TensorFlow Lite Micro Library is no longer available in the
Arduino Library Manager. This library will need to be manually downloaded, and

included in your IDE.

https://docs.arduino.cc/tutorials/nano-33-ble-sense/get-started-with-machine-learning



https://docs.arduino.cc/tutorials/nano-33-ble-sense/get-started-with-machine-learning
https://docs.arduino.cc/tutorials/nano-33-ble-sense/get-started-with-machine-learning

Arduino w

Opis instalacji biblioteki Arduino_TensorFlow: / = =

zainstalowac Gita

L . . . https://github.com/tensorflow/tflite-micro-arduino-examples
przejs¢ do folderu My Documents\Arduino\Libraries
uruchomic konsole Git Bush Here w tym folderze

wpisa¢ komende:

W e

git clone https.//github.com/tensorflow/tflite-micro-arduino-examples Arduino_TensorFlowLite

5. pojawi sie nowy folder z bibliotekg Arduino_TensorFLowlLite

\

» Ten komputer » Dokumenty * Arduine @ libraries

Fat

2 Mazwa

Arduino_H5300% \
Arduino_TensorFlowlLite


https://github.com/tensorflow/tflite-micro-arduino-examples
https://github.com/tensorflow/tflite-micro-arduino-examples

Ard u i n O ML Hello World

& hello_world - README.md | Arduino IDE 2.1.0
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Ard u i n O ML Hello World

& hello_world | Arduine IDE 2.1.0 - O x
File Edit Sketch Tools Help

# Arduino Nano 33 BLE -

hello_worldine README md  arduino_constants.cpp  arduino_main.cpp  arduino_output_handlercpp  constants.h  main_functionsh  modelepp  modelh  output_handlerh
17
18 #include "constants.h”
19 #include "main_functions.h” =
20 #include "model.h™ VaIUE1 Interpolate =
21 #include "output_handler.h” 80
22 #include "tensorflow/lite/micro/all_ops_resolven Model zostat Wytrenowany do
23 #include "tensorflow/lite/micro/micro_interpretg 70 . . o . .
24  #include "tensorflow/lite/micro/micro_log.h" . rED“kowar”a fUnkCJ| S|nUSO|da|neJ
0
25 #include "tensorflow/lite/micro/system_setup.h” R H 3 ’ 1
- i generuje wzor danych, ktory jest
26 #include "tensorflow/lite/schema/schema_generated 350 g ) yen, | -
27 \ wykorzystany w PWM (pulse-width
: - . . . 40
28 Globals, used for compatibility with Arduino- ; HP Z
- : modulation) do sterowania jasnoscig
29 namespace { 30
3@ const tflite::Model* model = nullptr; ) dIOdy LED
31 tflite: :MicroInterpreter® interpreter = nullptr; 20
32 TfLiteTensor* input = nullptr; 10 L
33 TfLiteTensor* output = nullptr;
24 int inforonca count — A- 0
Output ~ Serial Monitor 0
-20
71 1165 M7z 1189 1201 1214
Type Message @ New Line 9600 baud

Ln5, Col 23  Arduino Nano 33BLEon COM4 [22 B

jasnos¢ diody LED zmienia sie sinusoidalnie

Serial
Plotter



Colaboratory

cO Witamy w Colaboratory
Plik Edytyj Widok Wstaw Srodowisko wykonawcze Narzedzia Pomoc

= Spis tresci M % + Kod + Tekst # Skopiuj na Dysk
= Spis tresci

Q Wprowadzenie

Badanie danych Witamy w COIab
Systemy uczace sig

{x}

Jesli juz znasz Colab, obejrzyj ten film, aby dowiedziec sie wiecej o tabelach interaktywnych, widoku historii wykonanego kodu oraz palecie
Ol Wiecej zasobow

polecen.
Przyktady
Sekcja
Colab, lub inaczej
i ?
,Colaboratory”, pozwala Czym jest Colab?
p | sa é | Wy kO nywa é kOd W Colab, lub inaczej ,Colaboratory”, pozwala pisac i wykonywac kod w jezyku Python bezposrednio w przegladarce dzieki

« brakowi koniecznosci konfigurowania,

jQZVkU Python « Bezptatny dostep do GPU

bezposrednio w « tatwemu udostepnianiu,

I d Colab moze Ci utatwié prace niezaleznie od tego, czy jestes studentem, badaczem danych czy badaczem sztucznej inteligencji. Obejrzyj
przeglgdarce . SR BTN R
Wprowadzenie do Colab, by dowiedzie¢ sie wiecej, lub po prostu zjedz nizej i zacznij korzystac z tej ustugi.

https://colab.research.google.com/
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Ard u i n O ML Hello World

& hello_world - README.md | Arduino IDE 2.1.0
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ArdUInO ML Hello World podmieniamy model w

pliku sine_model_data.cpp
na nasz model z collab

= sine_model_data.cpp E3 | sine_model_quantized.cc £3 /
1 L:_|f* Copyright 2019 The TensorFlow Authors. Z11 Rights Reserved.
2 sine_model_guantized.cc * wee
3 Licensed under the Apache License, Version 2.0 (the "License™);
4 you may not use this file except in compliance with the License. 1 unEigned char sine model quantized t'F].itE[] — {
5 You may obtain a copy of the License at - - -
6 Bx1c, BxB0, BxB0, OxB0, O6x54, Ox46, Ox4c, Bx33, OBx14, OBx060, Bx20,
! Attp://ww.Spache.org/licenses/LICENSE 2.0 3| exlc, exee, exl18, 8xee, 6x14, exes, 6x1e, °Oxee, Bxec, exee, exee,
9 Unless required by applicable law or agreed to in writing, software 4 BxB8, BxXE6, x84, Ox00, 6xl1ld4, 6x66, O6x08, X606, BxXlc, BxBB, Ox00, |
10 distributed under the License is distributed on an "AS IS"™ BASIS,
11 WITHOUT WARRANTIES OR CONDITICNS OF ANY KIND, either express or implied. > Bx88, Bx80, Ox00, Ox00, Oxed, Ox6O, Ox6@, OxB@, Oxac, Ox63, Ox6e,H
12 See the License for the specific language governing permissions and G B}{hl:, BKB3, BKBB, BKBB, BKSB, B}{Bh, BKBB, BKBB, BKB3, BKBB, BKBB, |
1Lz limitatior und tl Licer .
QMg | T ToTons vncer mAe Toense . 7| exe1, exee, @xee, oxee, @xe4, oxee, exee, oxee, exe2, oxfc, exff,
15 a8 BxBc, Bx08, OxBB, Ox80, Oxlc, Oxb0, Ox08, BxEE, Bx38, OxBB, Ox00,
la S/ Butomatically created from a TensorFlow Lite flatbuffer using the command:
17 ff xxd -i sine model.tflite > sine model data.cc
15 // See the RERDME for a full description of the creation process.
19
20 #include "sine model data.h"
21
22 J{ We need to keep the data array aligned on some architectures.
23 [HJ#ifdef _ has_attribute
24 #define HAVE_ATTRIBUIE (x) _ has attribute (x)
25 $else B sine_model data.cpp £ [ sine_model_quantized.ce E3
26 defi HAVE ATTRIBUTE 9] N - - - -
;,, _:Eid;?e - ) 1 [Hunsigned char sine model guantized tflite[] = {
22 [H#$if HAVE ATTRIBUTE (aligned) || (defined( GNUC ) £& !defined( clang )) 2 oRIc, Ox00, 0y OO0, 0OxS U=x%¥%, UOxIc, 0Ox33, Oxl4, Ox00, O=20, OxOl
2a #define DATA ALIGN ATTRIBUTE _ attribute ((aligned(4))) 3 Oxlc, 0x00, 0x00, 0xl0, 0=00, OxOc, Ox00, O=0O0, OxOf
30 #else = 0x03, 0Ox00, Ox00, Ox00, O0x00, Oxlc, O=x00, x00, O=x0f
Ak #define DATA ALIGN_ATTRIBUIE 5 0xa3, 0x00, 0x00, 0x00, O0x00, Oxac, Ox03, Ox00, OxO
3z L¥endif - I - - - B I - -
13 6 Oxbc, O0x03, 0x0b, Ox00, OxO00, O0x03, Ox00, =00, 0Ox0
34 [Heconst unsigned char g sine model data[] DATA ALIGN ATTRIBUIE 7 001, 0=00, 0x00, Ox00, Ox0O, Ox02, Oxfc, Oxff, Ox
35 ox00, 0Ox00, Ox00, Ox54, Ux46, Ox4c, 0x33, O0xl4, 0x00 8 Ox0c, 0Ox00, Ox00, Ox00, Ox00, 0x33, O0=x00, x00, O=x0
32 S0xl3, 0x00, Oxl 20, O0xlO SOy Dmbey DEb 9 Ox0f, O0x00, Oxes5, 0x72, Or7e6, 0Oxe€9, Oxee, 0xET7, OxS
;; 10 Oxe4, 0OxE5, Oxec, Ox74, O0x00, Ox0OL, O=xO00, x00, 0O=x0
3; 11 O=x04, 0Ox00, Oxff, Oxff, Oxff, O0=x0b, O=x00, 4 , Ox0
40
41
42
]
44
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Ard u I n 0 ML Magic Wand

File Edit Sketch Tools Help

Q e ¢ ArduinoNano33BLE  ~

LIBRARY MANAGER magic wandino README.md magic wand model datacpp  magic_wanc
( ArduinDBLE_h} 1
2
Type: Al v 3
Topic:  All v 4
5
ArduinoBLE by Arduino ;
This library supports creating a 3
Bluetooth® Low Energy 9

peripheral & central mode.... )
More info 10

13 #include <ArdulnoBLE.h>
14 #include <Arduino LSMODS1.h>»

Arduino_Sciencejourn.
by Arduino

Output

Downloading ArduinoBLE@1.3.4
ArduinoBLE@1.3.4

This library depends on the
ArduinoBLE and MKRIMU
libraries. The Arduino Science...
More info

Installing ArduinoBLE@1.3.4
Installed ArduinoBLE@1.3.4

Compilation error: ArduinoBLE.h: No such file or directory




Ard u i n 0 ML Magic Wand

% magic_wand | Arduino IDE 2,10
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Ard U i n O ML Magic Wand

instrukcja

i= README.md

Magic Wand

Magic Wand example for TensorFlow Lite Micro on the Arduino Nano 33 BLE Sense.

Table of contents

« Introduction
* Hardware Requirements
« Installing the Sketch
Arduino Desktop IDE
 Building the Wand
* Using the wand
* Viewing Gestures in the Browser
e Pretrained Model
* Recording Gestures
# Training

» Deployment

https://github.com/tensorflow/tflite-micro-arduino-examples/tree/main/examples/magic wand



https://github.com/tensorflow/tflite-micro-arduino-examples/tree/main/examples/magic_wand
https://github.com/tensorflow/tflite-micro-arduino-examples/tree/main/examples/magic_wand
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Ard u i n O ML Magic Wand

Download Data Click button to connect to the board

https://github.com/tensorflow/tflite-micro-arduino-examples/tree/main/examples/magic wand/website

https://github.com/tensorflow/tflite-micro-arduino-examples



https://github.com/tensorflow/tflite-micro-arduino-examples/tree/main/examples/magic_wand/website
https://github.com/tensorflow/tflite-micro-arduino-examples
https://github.com/tensorflow/tflite-micro-arduino-examples/tree/main/examples/magic_wand/website

Ard u i n 0 ML Micro Speech

& hello_world - README.md | Arduino IDE 2.1.0
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File Edit Sketch Teols Help
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# Micro Speech Example

This example shows how to run a 20 kB model that can recognize 2 keywords,
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https://arduino.github.io/ArduinoAl/BLESense-test-dashboard/



https://arduino.github.io/ArduinoAI/BLESense-test-dashboard/
https://arduino.github.io/ArduinoAI/BLESense-test-dashboard/
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Blutooth BLE 2 Arduino

https://docs.arduino.cc/tutorials/nano-33-ble-sense/ble-device-to-device



https://docs.arduino.cc/tutorials/nano-33-ble-sense/ble-device-to-device
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