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CHAPTER 1

Setting up a
Development
Environment

Arduino Nano 33 BLE Sense is an Internet of Things (IoT) solution
to perform sensing and actuating on a physical environment. The
Arduino Nano 33 BLE Sense board comes with a Bluetooth low energy
(BLE) module and some built-in sensors that enable us to build an IoT
application-based BLE network. This chapter explores how to set up the
Arduino Nano 33 BLE Sense board for development.

The following topics are covered in this chapter:

o Reviewing the Arduino Nano 33 BLE Sense board

Setting up a development environment
e Building a blinking LED program

e Using Arduino web editor

© Agus Kurniawan 2021
A. Kurniawan, IoT Projects with Arduino Nano 33 BLE Sense,
https://doi.org/ 10.1007/978-1-4842-6458-4_1
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Introduction

Arduino Nano 33 BLE Sense is one of the IoT platforms from Arduino.
This board uses an nRF52840 module with some built-in sensors.
The nRF52840 module provides the BLE network stack that is used to
communicate with other devices. Bluetooth is a component of a wireless
personal area network (WPAN) that enables a devices to communicate
with other devices within a short distance.

The Arduino Nano 33 BLE Sense board is designed for low-cost IoT
devices to address your IoT problems. At 45 x 18 mm (length x width), the
Arduino Nano 33 BLE Sense is compact, as you can see in Figure 1-1.

Figure 1-1. Arduino Nano 33 BLE Sense board
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Reviewing the Arduino Nano 33 BLE Sense

Board

Arduino Nano 33 BLE Sense is built from nRF52840. The board also
has aradio-module-based BLE. This module is designed for data

communication over Bluetooth. The detailed specifications of Arduino
Nano 33 BLE Sense are shown in Table 1-1.

Table 1-1. Specifications of Arduino Nano 33 BLE Sense

Feature Notes
Microcontroller nRF52840
Secure module ATECC608A
Operating voltage 3.3V

Input voltage 21V

DC current per I/0 pin (limit) 15 mA

Clock speed 64 Mhz

CPU flash memory 1 MB (bRF52840)
SRAM 256 KB

EEPROM None

Digital I/0 14

PWM pins All digital pins
UART 1

SPI 1

12C 1

Analog input 8 (ADC 12-bit 200k sample)

(continued)
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Table 1-1. (continued)

Feature Notes

Analog output Only through PWM (no DAC)
LED_BUILTIN 13

USB Native in the nRF52840 processor
IMU LSMaDSI

Microphone MP34DT05

Gesture, light, proximity APDS9960

Barometric pressure LPS22HB

Temperature, humidity HTS221

Size (length x width) 45 mm x 18 mm

Because Arduino Nano 33 BLE Sense has some digital and analog
input/output (I/0), we extend the board’s capabilities by wiring with other
sensors or actuators. We also use UART, Serial Peripheral Interface (SPI),
and I2C protocols to communicate with other devices.

You can see in Table 1-1 that Arduino Nano 33 BLE Sense has some
internal sensor devices that you can use for your IoT solutions. We explore
these sensor devices further in Chapter 3.

Next, we set up Arduino Nano 33 BLE Sense on your computer so you
can build programs for the Arduino board.

Setting up a Development Environment

Arduino provides software to build programs for all Arduino board models.
This software is available for Windows, Linux, and macOS, and it can be
downloaded from https://www.arduino.cc/en/Main/Software.


https://www.arduino.cc/en/Main/Software

CHAPTER 1 SETTING UP A DEVELOPMENT ENVIRONMENT

The installation process is easy, following the installation guidelines
from Arduino setup. After installation is complete, you will see the Arduino
application menu on the main menu in your OS platform.

When you open the Arduino application, you will see the application
screen shown in Figure 1-2. Skeleton code is included in the application
dialog box. The following is a code template.

void setup() {
// put your setup code here, to run once:

}

void loop() {
// put your main code here, to run repeatedly:

@ sketch_sep18a | Arduino 1.8.13 = a X
File Edit Sketch Tools Help

sketch_sepifa

i loop() {

// put your main code here, to run repeatedly:

Figure 1-2. Arduino software for Windows
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The Arduino program adopts C/C++ program language dialects. We
can put all data initialization in the setup() function. The program will
execute codes inside the loop() function continuously.

To work with the Arduino Nano 33 BLE Sense board, we need to
configure the Arduino software. First, add Arduino nRF528x Boards so
Arduino software will recognize the Arduino Nano 33 BLE Sense board.
On the Arduino menu bar, click Tools » Board » Boards Manager.

That will open the Boards Manager dialog box shown in Figure 1-3. In

the Type drop-down list, select All. Type Arduino&Nano&338BLE in the
accompanying text box. You will see Arduino nRF528x Boards listed. Click
Install to install this package, after you have checked that your computer is
connected to the Internet.

o

Type |All « | ArdunoBNanoS338BLE
Arduino nRF528x Boards (Mbed 0S) ~
by Arduino

Boards included in this package:
Arduino Nano 33 BLE.
Onime Help

More Info

116 ~ | Install

v

Close

Figure 1-3. Adding supported boards for Arduino Nano 33 BLE Sense
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This installation takes several minutes to complete. Once it is installed,

you can see the Arduino Nano 33 BLE Sense board on the targeted board.

You can verify it by selecting Tools » Board » Boards Manager in the

Arduino software to view your board list. Figure 1-4 shows the Arduino
Nano 33 BLE Sense board in the Arduino software.

© sketch_sep18a | Arduing 1813 = o =
File Edit Sketch Tools
NN CrlsT
Archive Sketch
shat: an 18 Fix Encoding & Reload
Manage Libraries... Ctri«Shift+]

't out pou  Serial Monitor 1+ Shift+ M
Serial Flotter Ciri+ShiftsL
. WIFI01 / WIFININA Firmware
loep ()

Board: "Nucleo_B5208RE" ]
Senal interface: “Enabled with generic Serial® E
Upload Method: “Mass Storage”

Port

Get Board Info

Programmer
Burn Bootlcader

Boards Manager...

Arduino AVR Boards %
Arduing nRF528x Boards (Mbed 05) |
Arduing SAMD (32-bits ARM Cortex-M0+) Beta Boards »
Arduing SAMD (32-bits ARM Cortex-M0+) Boards

STME Boards

Arduino Nano 33 BLE

Figure 1-4. A list of targeted boards for Arduino

Next, attach the Arduino Nano 33 BLE Sense board to the computer
via a micro USB cable. After it is attached, you can verify your board using

Device Manager for Windows. Figure 1-5 shows my Arduino Nano 33 BLE

Sense on Windows 10.
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File Action View Help
¢ mE Hm W
v % AKURWIN ~
i Audio inputs and outputs
a Batteries
) Bluetooth
B8 computer
== Disk drives |
[ Display adapters
#@ Human Interface Devices
"= |DE ATA/ATAP! controllers
=% Imaging devices
= Keyboards
2.1 Memory technology devices
U Mice and other pointing devices
B Monitors
P Network adapters

K’ Other devices |
B Portable Devices |
@ Ports (COM & LPT) [

# USB Serial Device (COM4)
= Print queues
n Processors
3 Sensors
B Software devices -

€

Figure 1-5. Detected Arduino Nano 33 BLE Sense board on Device
Manager in Windows 10

If you are working on Linux, you can verify Arduino Nano 33 BLE Sense

using this terminal command:

$ 1s /dev/ttyUSB*

You will see a list of attached devices over USB. Arduino Nano 33 BLE
Sense usually is detected as /dev/ttyUSBO or /dev/ttyUSB1. For macOS,
you can type this command to check for Arduino Nano 33 BLE Sense:

$ 1s /dev/cu*

You should see a USB device on your terminal.
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Hello Arduino: Blinking LED

Now that you have connected Arduino Nano 33 BLE Sense to a computer,
you can start to write Arduino programs. The Arduino Nano 33 BLE Sense
board has a built-in LED that is attached on digital pin 13. In this section,
we build a simple blinking LED.

First, open the Arduino software and create a program from project
template. Click File » Examples » 01.Basics » Blink. This will display the
sample program codes shown in Figure 1-6.

@ Blink | Arduino 1.8.13 A O X

File Edit Sketch Tools Help

// the setup function runs once when you press res”
i1 setup() {
// initialize digital pin LED BUILTIN as an outp
pinMode (LED BUILTIN, OUTPUT);

}

// the loop function runs over and ok&r again fore:

1 loop() {
digitalWrite (LED BUILTIN, HIGH); // turn the L]
delay(1000) ; // wait for a
digitalWrite (LED BUILTIN, LOW); // turn the L]
delay(1000); // wait for a
W
1
< >

Arduino Nano 33 BLE on COM4

Figure 1-6. Blink application on Arduino software
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The program code is written as follows.

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() {
digitalWrite(LED_BUILTIN, HIGH); // turn the LED on (HIGH
is the voltage level)
delay(1000); // wait for a second
digitalWrite(LED_BUILTIN, LOW); // turn the LED off by
making the voltage LOW
delay(1000); // wait for a second

}

Save this program. The next step is to compile and upload the Arduino
program into Arduino Nano 33 BLE Sense. Click the Verify icon to compile
the Arduino program. To upload the Arduino program into the board, the
click Upload icon. Both of these icons are highlighted in Figure 1-7.

10
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© Blink | Arduino 1.8.13 — rl >4
File Edit Sketch Tools Help

5 once when you press raeseat

. > pin LED_BUILTIN as an output
inMode (LED BUILTIN, OUTPUT);

// the loop function runs over and over again foreve

void loop() {
igitalWrite (LED BUILTIN, HIGH); // turn the LED
elay(1000); // wait for a s
digitalWrite (LED BUILTIN, LOW); // turn the LED
ielay (1000); // wait for a si

] w

< >

Figure 1-7. Compiling and flashing a program

Before you upload a program, you can select Arduino Nano 33 BLE
Sense. Select Tools » Board » Arduino nRF528x Boards (Mbed OS) »
Arduino Nano 33 BLE, as shown in Figure 1-8. You also need to select the
Arduino port. To do so, select Tools » Port and then select your COM port.
For instance, my Arduino Nano 33 BLE Sense port is COM4, as shown in
Figure 1-9.

11
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© Blink | Arduino 1.8.13 e ] X
File Edit Sketch Tools h
Auto Forma’ Ctri+T
Archive Sketch
Fix Encoding & Reload
Manage Libraries... Ctrl+Shift+]
Serial Monitor tri+Shift+M
Serial Plotter Ctrl+Shift+L
1 ¥ WiFi101 / WiFiNINA Firmware r
Boards Manager... Board: “Arduino Nano 33 BLE"
Arduino AVR Boards > Port: "COM4™

Arduino nRF528x Boards (Mbed 0S) 3[® Arduino Nano 33 BLE h
Arduino SAMD (32-bits ARM Cortex-M0+) Beta Boards »

Programmer
Arduino SAMD (32-bits ARM Cortex-MO0+) Boards >

Burn Bootloader

STM8 Boards b S
1
< >

Figure 1-8. Selecting the Arduino Nano 33 BLE Sense board

© Blink | Arduino 1.8.13 - (m] >4
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch
Fix Encoding & Reload

' ek e Manage Libraries... Ctrl+Shift+

// the setup
Serial Monitor Ctrl +Shift+M
Serial Plotter Ctrl +Shift+L

WiFi101 / WiFiNINA Firmware Updater

Board: "Arduino Nano 33 BLE" »
I

Port: "COM4" 3 Serial ports

Get Board Info & coms

Programmer ]

e Burn Bootloader
delay (1000}, SR

Figure 1-9. Selecting the port for an Arduino board

12
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After uploading this Arduino program into Arduino Nano 33 BLE
Sense, we will see a blinking LED on the Arduino Nano 33 BLE Sense
board, as shown in Figure 1-10.

Figure 1-10. Blinking LED on Arduino Nano 33 BLE Sense board

How does this work? The Arduino Nano 33 BLE Sense board has one
built-in LED on digital pin 13. In our program, we set digital pin 13 as the
digital output using pinMode (). We initialize this data on the setup()
function.

void setup() {
// initialize digital pin LED_BUILTIN as an output.
pinMode(LED BUILTIN, OUTPUT);

}

The Arduino program defines LED_BUILTIN for a general built-in LED
pin. We can set the pin as the output mode by giving a value, OUTPUT.

13
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Now our program will run continuously with the loop() function,
turning on LED and then turning off the LED. We can use digitalWrite()
to perform switch the LED on and off. Set the value to HIGH for turning
on the LED. Otherwise, we can turn off the LED by sending the value LOW
to the digitalWrite() function. We also set a delay of 1000 ms with the
delay() function.

void loop() {
digitalWrite(LED BUILTIN, HIGH); // turn the LED on (HIGH
is the voltage level)
delay(1000); // wait for a second
digitalWrite(LED BUILTIN, LOW); // turn the LED off by
making the voltage LOW

delay(1000); // wait for a second
}
You can practice experimenting with these settings for the blinking
LED program.

Using Arduino Web Editor

Arduino provides an online editor to build Arduino programs. The
advantage of this online editor is that you don’t need to prepare too many
runtimes and tools. You need only a browser and an Internet connection.

You can access the Arduino web editor using any browser by
navigating to https://create.arduino.cc/editor. Figure 1-11 shows
the Arduino web editor model. To use the Arduino web editor, we must
register with the Arduino portal to build Arduino programs.

14
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- b T O
UBGRADE PLAN k

SEARCH SKETCHROOK a SerTch_sog)an ino Raaduie acoc 2

& shetch_suglds ©

& black:nanc_suglda

Figure 1-11. Arduino web editor

In this section, we focus on getting started with the Arduino web editor
by preparing a browser and Internet access. We will perform these tasks to
complete our Arduino development with the online web editor:

e Register an Arduino portal account.
o Install the Arduino plug-in.

e Build a blink application for Arduino Nano 33 BLE
Sense.

Registering an Arduino Account

To use and build Arduino programs with the Arduino web editor, we must
register an Arduino account. This account is similar to the account that is
used to buy an Arduino board on the Arduino store.

15
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You can start registering a new Arduino account by clicking the right-
top menu icon. You can then fill in the pertinent information to this portal.
After completing the account registration, we can build Arduino programs
with the Arduino web editor.

Installing the Arduino Plug-in

To enable our Arduino Nano 33 BLE Sense to connect to the Arduino
web editor, we need to install the Arduino plug-in. This is required task
for Windows. The Arduino plug-in will act as a bridge between the local
Arduino Nano 33 BLE Sense board and the Arduino web editor.

First, open a browser and navigate to https://create.arduino.cc/
getting-started/plugin/welcome. That will result in the screen shown in
Figure 1-12.

: /:"\.__

Figure 1-12. Arduino plug-in installation

16
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Click Start. You will then see as the screen shown in Figure 1-13. Click
Download button to the download Arduino plug-in application.

SKIp DOWNLOAD

Figure 1-13. Downloading the Arduino plug-in for Windows

After downloading the Arduino plug-in, you can install this
application. Follow the installation steps from the setup file. If the Arduino
plug-in installation is completed properly, the browser will detect the
Arduino plug-in.

Your web editor probably does not detect your Arduino Nano 33 BLE
Sense at this point. You can ignore this and continue to build Arduino
programs using the Arduino web editor. Next, we build a blink Arduino
application.

17
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Building an Arduino Program

The Arduino web editor has the same functionalities as thedesktop version
of the Arduino software. The Arduino web editor has project samples, and
we can also add Arduino libraries into the project.

In this section, we build a blink Arduino application like the previous
project. Start by opening a browser and navigating to https://create.
arduino.cc/editor. Select Examples from the left menu, then click the
BUILTIN tab, and under 01.BASICS(6), select Blink. This is illustrated in
Figure 1-14.

After we select the Blink project sample, we have the blink program
shown in Figure 1-15. Now we can compile and upload the program into
Arduino Nano 33 BLE Sense.

Select your Arduino Nano 33 BLE Sense board on the device drop-
down list. Click the Verify icon and then the Upload icon to the left of the
drop-down list. This will compile and upload the Arduino program to the
targeted board.

sketch_augl7a

SEARCH EXAMPLES Q o/ =3 Arduino NANG 33 loT at €O P
SHOWING EXAMPLES FOR NANO 33107
’ sketeh_sugiTamo -
s
BUILTIN | FROM LIBRARIES .
3
4
O1.BASICS (8) 3>
&
7
& AnalogReadSerial %
as
oo i w
@) Help & BareMinimum - R
12
& Blink

14} Preferences

& Digitalasadserial
() Festures usage
& Fade

& ReadAnalogvoltage
02 DIGITAL (%)
OFANALOG (6]
04 COMMUNICATION (1)

05 CONTROL (6)

Figure 1-14. Creating a new project
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=
® Blink UPGRADE PLAN ) (&)

SEARCH EXAMPLES Q W =3  Ardulno Nane 53 BLE v lass [ SMARE

SHOWING EXAMPLES FOR NAN

BULTIN  FROM LIBRARIZS

lil &2

O BASICS (6)

B anslogReadSerial

& BareMinimum

& DigitalReadserial

B Fade

& ReadAnalogvolage

Success: Done uploading Blink

Figure 1-15. Uploading a program into Arduino Nano 33 BLE Sense

You can try to build another Arduino project using the Arduino web
editor with project samples from this tool.

Summary

You have learned to set up an Arduino development environment. You also
installed Arduino software on the desktop environment and built a simple
Arduino program, blink. In addition, you looked at using the Arduino web
editor to build Arduino programs.

Next, you will learn how to access Arduino Nano 33 BLE Sense I/0. We
use other communication protocols as well.
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CHAPTER 2

Arduino Nano 33
BLE Sense Board
Development

This chapter focuses on how to build Arduino Nano 33 BLE Sense
programs using Arduino Sketch. This software is available for Windows,
macOS§, and Linux. We also explore how to access I/O peripherals on
Arduino Nano 33 BLE Sense board with Arduino programs.

In this chapter, you will learn about the following topics:

e How to write Arduino programs using Sketch.

e How to access digital I/O.

e Howto access analog I/0.

o How to plot analog sensor analog.

e How to build serial communication.

e How to access pulse-width modulation (PWM).
o Howto access Serial Peripheral Interface (SPI).
e Howto scan I2C an address.

¢ How to read sensor devices-based I2C.

© Agus Kurniawan 2021
A. Kurniawan, IoT Projects with Arduino Nano 33 BLE Sense,
https://doi.org/ 10.1007/978-1-4842-6458-4_2
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CHAPTER 2  ARDUINO NANO 33 BLE SENSE BOARD DEVELOPMENT

Introduction

We can say Arduino is a platform because Arduino as company provides
hardware and software. To build programs for Arduino Nano 33 BLE Sense
boards, we can use Arduino Sketch. This program uses C/C++ language
dialects.

This chapter covers how to build programs for Arduino Nano 33 BLE
Sense. The Arduino Nano 33 BLE Sense board uses a Bluetooth module to
connect to a network. Bluetooth is a part a WPAN that enables devices to
communicate with other devices within a short distance.

We use Arduino software to build Arduino programs. This tool uses the
Sketch program, which uses C++ dialects. Let’s turn our attention to Sketch

programming.

Basic Sketch Programming

In this section, we learn about the Sketch programming language.
Technically, Sketch uses C++ dialects, so if you have experience using C++,
you can skip this section.

Main Program

The Arduino program has a main program to perform tasks continuously.
When we create a program using Arduino software, we have skeleton
codes with two functions, setup() and loop(). The complete codes are

shown here.

void setup() {
// put your setup code here, to run once:
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void loop() {
// put your main code here, to run repeatedly:

In this code you can see two functions, setup() and loop(). The
setup() function is called once when the Arduino board is to be turned on.
If we put codes in the setup() function, it means our codes will run once.
Otherwise, we have the 1loop() function, which is called continuously.

This is a basic structure of the main program from Arduino. In this
section, you learn about Sketch programming with the following topics.

e Declaring variables.
e Making conditional statements.
o Makinglooping.

e  Working with break and continue.

Declaring Variables
We can declare a variable using the following statement.
<data type> <variable name>;

<data type> is a keyword that Sketch adopts from C++. <data type>
represents how to define our data type on a variable. <variable name> is
the variable name we will call and use in our program. Table 2-1 provides a
list of <data type> values used in Sketch.
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Table 2-1. Data Types in Sketch

array float Void

Bool int String()
Boolean long unsigned char
Byte short unsigned int
Char size t unsigned long
Double string  word

Because the Sketch program adopts from C++, we put ; at the end of
the code line. Otherwise, we will get an error while compiling codes. For
instance, we declare variables with int and char data types as follows.

int a;

int b = 10;
char c;

char d = 'A";

We can set an initial value while declaring a variable. For instance, we
setint b = 10.

For this demonstration, we create a project for Arduino Nano 33 BLE
Sense. First, open the Arduino software and write these codes.

void setup() {
int a = 10;
int b = 5;

// initialize serial communication
Serial.begin(115200);
while (!Serial) {

)

}
int ¢ = b;
int d = a * b;
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// print
Serial.print("C= ");
Serial.println(c);

Serial.print("d= ");
Serial.println(d);

}

void loop() {

}

Figure 2-1 shows this code. To print messages, use the Serial.print()
and Serial.println() functions. We can print messages using Serial.
print() without a carriage return ("\r\n"). Otherwise, we can print
messages with a carriage return using Serial.println().

@ DeclareVar | Arduino 1.8.13 - a e
File Edit Sketch Tools Help

DeclareVar

// initialize serial communication
Serial.begin(115200);

while (!Serial) {

int ¢ = a + b;

a* b;

Arduino Nano 33 BLE o

Figure 2-1. Declaring variables
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All printed messages with the Serial library will be shown on the serial

communication channel. Next, save this program, then compile and
upload it to the Arduino Nano 33 BLE Sense board.
To see the program output on the serial communication channel, use

the Serial Monitor tool from Arduino. To access it, select Tools » Serial

Monitor, as shown in Figure 2-2.

DeclareVar | Arduino 1.8.13 — a X

File Edit Sketch Tools

DeclareVar

void setup()
int a = 10
int b = 5;

// initial
Serial.beq

b
o
]
w

L Brine

Auto Fo Ctrl+T
Archive Sketch
Fix Encoding & Reload

Manage Libraries... Ctrl+Shift+]
Serial Monitor  leG— Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

WiFi101 / WiFiNINA Firmware Updater

Board: "Arduino NANO 33 [oT"
Port: “COM 12"
Get Board Info

Programmer
Burn Bootloader

Serial.primcyv o7+
Serial.println(c);

Serial.print ("d= ");
Serial.println(d);

Figure 2-2. Opening the Serial Monitor tool

After launching Serial Monitor, you can see your program output, as
shown in Figure 2-3. Select a baudrate of 115200 at the bottom of the Serial

Monitor console.
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© com12 - O X
| Send
C= 15
d= 50
[ Autoscroll [] Show timestamp Both NL& CR -~ 115200 baud - Clear output

Figure 2-3. Program output on Serial Monitor

If you don’t see the output message in the Serial Monitor console, you
can press the Reset button on the Arduino Nano 33 BLE Sense board. You can
find this button next to the micro USB connector, as shown in Figure 2-4.

Figure 2-4. Position of the Reset button on the Arduino Nano 33 BLE
Sense board
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How does this work? This program only runs with the setup()
function. We declare two variables, a and b. Then, we assign their values.

void setup() {
int a = 10;
int b = 5;

Next, activate the Serial object to perform serial communication. Set
the baud rate to 115200. Use while for looping to wait for the Serial object
to be created successfully.

// initialize serial communication
Serial.begin(115200);
while (!Serial) {

)

}

We perform simple mathematical operations such as addition and
multiplication. The result of operations is stored in the ¢ and d variables.

int ¢ = a + b;
int d = a * b;

Print the result to the serial terminal using the Serial object.

// print
Serial.print("C= ");
Serial.println(c);

Serial.print("d= ");
Serial.println(d);

For the loop() function, do nothing. All code runs on the setup()
function. That’s why you probably don’t see program output; we will see it
later.

void loop() {
}
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Operators

Sketch uses C++ operators. Arithmetic operators are declared to perform
mathematical operations. We can use the following arithmetic operators:

e % (remainder)

e *(multiplication)

e +(addition)

e - (subtraction)

e /(division)

o =(assignment operator)

For Boolean operators, we implement 88& for logical and, | | for logical
or, and ! for logical not.

Conditional Statement

We can perform action-based conditionals. For instance, you might want
to turn on a lamp if a light sensor obtains a low intensity value. In Sketch,

you can implement conditional statements using if and switch syntax. A
conditional statement with if can be declared as follows.

if(<conditionaly) {
// do something

} else {
// do something
}

We can put conditional values in <conditional>, such as applying
Boolean and arithmetic operators. For this demo, we can create a Sketch
program on Arduino Nano 33 BLE Sense. You can write this complete
program.
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long num_a;
long num_b;

void setup() {
// initialize serial communication
Serial.begin(115200);
while (!Serial) {
’
}
}

void loop() {
num_a = random(100);
num b = random(100);

// print
Serial.print("num a: ");
Serial.print(num_a);
Serial.print(", num_b: ");
Serial.println(num b);

if(num_a > num b) {
Serial.println("num_a > num b");
telse {
Serial.println("num_a <= num_b");

}

delay(2000);

Save this program as Conditional. Now you can compile and upload
this program into the Arduino Nano 33 BLE Sense board. Open Serial
Monitor to view the program output, shown in Figure 2-5.
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© com1z2 — O X
| Send
num_a: 33, num b: 43

num_a <= num b

num_a: 62, num_b: 29

num_a > num_b

num_a: 0, num b: 8

num_a <= num b

num_a: 52, num_b: 56

num_a <= num_b

[ Autoscroll [ ] Show timestamp Both NL& CR ~ 115200 baud ~ Clear output

Figure 2-5. Program output for conditional if program

How does this work? This program generates random values for num_a
and num_b variables in the loop() function.

void loop() {
num_a = random(100);
num_b = random(100);

Next, print these random values on the serial terminal using the
Serial object. We can call the Serial.print() and Serial.println()
functions.

// print
Serial.print("num a: ");
Serial.print(num a);
Serial.print(", num b: ");
Serial.println(num b);
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Finally, we evaluate a value on num_a and num_b using a conditional-if
statement. We check if the num_a value is greater than num_b or not. Then,
we print the result on the serial terminal.

if(num_a > num b) {
Serial.println("num_a > num b");
telse {
Serial.println("num_a <= num b");

}

The next demonstration is to implement a conditional with a switch
statement. In general, we can declare a switch statement as follows.

switch(value) {
case vall: <code>

break;
case val2: <code>
break;
case val3: <code>
break;

For this example, build a program to evaluate the num_a value with
a switch statement. Set a random value with a maximum of 5. Open the
Arduino software and write this complete program.

long num_a;

void setup() {
// initialize serial communication
Serial.begin(115200);
while (!Serial) {
5
}
}

32



CHAPTER 2  ARDUINO NANO 33 BLE SENSE BOARD DEVELOPMENT

void loop() {
num_a = random(5);

// print
Serial.print("num a: ");
Serial.println(num_a);
switch(num_a) {

case 0:
Serial.println("num_a
break;
case 1:
Serial.println("num_a
break;
case 2:
Serial.println("num_a
break;
case 3:
Serial.println("num_a
break;
case 4:
Serial.println("num_ a
break;
}
delay(2000);

}

value

value

value

value

value

is 0");

is 1");

is 2");

is 3");

is 4");

Save this program as ConditionalSwitch. You can compile and upload

this program into the Arduino Nano 33 BLE Sense board. To see the
program output, you can open Serial Monitor, as displayed in Figure 2-6.
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@ com12 — O X
| Send

num_a: 3
num a value is 3

num_a: 3

num a value is 3
num_a: 2

num_a value is 2

num a: 4

num a value is 4

num_a: 0
num_a value is 0
num_a: 3

num_a value is 3

[ Autoscroll [_] Show timestamp Both NL& CR  ~ 115200 baud ~ Clear output

Figure 2-6. Program output for Switch program

How does this work? This program starts to generate random values in
the loop() function. The result is stored in the num_a variable. Then, you
can print this value to the serial terminal.

void loop() {
num_a = random(5);

// print
Serial.print("num a: ");
Serial.println(num_a);

Next, evaluate the num_a variable using a switch statement. We check
num_a for values 0, 1, 2, 3, and 4. We print the message on each switch-case

statement.

switch(num_a) {
case 0:
Serial.println("num_a value is 0");
break;
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case 1:
Serial.println("num_a value is 1");
break;

case 2:
Serial.println("num_a value is 2");
break;

case 3:
Serial.println("num_a value is 3");
break;

case 4:

Serial.println("num_a value is 4");
break;

}

You have now learned conditional statements with if and switch. You
can use a switch statement if the number of options id fewer than five;
otherwise, you can use an if statement with operators.

Looping

A looping task is useful when you perform the same task continuously. In
Sketch, you can implement looping tasks using for, while, and do. .while
statements. Declare a for statement as follows.

for(start;conditional;increment/decrement) {
<codes>

For awhile statement, you can implement it as follows.

while(selection) {

<codes>
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You also can use do. .while for looping. You can run the first code step,
then select on the while statement.

do {
<codes>
} while(selection);

Now you can build a Sketch program to implement looping using for,
while, and do..while statements. Write this complete program using the
Arduino software.

void setup() {
// initialize serial communication
Serial.begin(115200);
while (!Serial) {
5
}
}

void loop() {
long val = random(15);
int i;
// print
Serial.print("val: ");
Serial.println(val);

// looping

Serial.println("Looping: for");

for(i=0;i<val;i++){
Serial.print(i);
Serial.print(" ");

}
Serial.println();
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Serial.println("Looping: while");

int start = 0;

while(start < val) {
Serial.print(start);
Serial.print(" ");

start++;

}
Serial.println();

Serial.println("Looping: do..while");
start = 0;
do {

Serial.print(start);

Serial.print(" ");

start++;
Jwhile(start < val);
Serial.println();

delay(3000);
}

You can save this program as Looping, then compile and upload it into
the Arduino Nano 33 BLE Sense board. You can then open Serial Monitor
to see the program output, as shown in Figure 2-7.
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@ com1z2 — O X
| Send
val: B

Looping: for

01234567

Looping: while

01234567

Looping: do..while

D1234567

val: 3

Looping: for

012

Looping: while

Q12

Looping: do..while
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Figure 2-7. Program output for looping
How does this work? Set a random value for your looping program.

void loop() {
long val = random(15);
int i;
Next, print this random value to the serial terminal.

// print
Serial.print("val: ");
Serial.println(val);

For looping with a for statement, perform a loop starting with 1=0 until
val value.

Serial.println("Looping: for");

for(i=0;i<val;i++){
Serial.print(i);
Serial.print(" ");

}
Serial.println();
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For the while statement, perform a similar task to the one for a for
statement. Set start = 0 for initialization.

int start = 0;

while(start < val) {
Serial.print(start);
Serial.print(" ");

start++;

}
Serial.println();

Finally, implement the do. .while statement. Set start=0 again, and
then perform the looping task.

start = 0;
do {
Serial.print(start);
Serial.print(" ");

start++;
Jwhile(start < val);
Serial.println();

Break and Continue

When you perform looping, you will likely want to exit the loop or skip
a certain step from the loop. In Sketch, you can use break and continue
statements.

For this example, we create a Sketch program to perform looping from
0 to a random value. When the looping iteration reaches 5, we skip this
step using a continue statement. Then, we exit the loop when we reach an
iteration value more than 10 using a break statement.
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First, open the Arduino software. Write this complete program for
break and continue implementation.

void setup() {
// initialize serial communication
Serial.begin(115200);
while (!Serial) {
>
}
}

void loop() {
long val = random(6, 15);
int i;
// print
Serial.print("val: ");
Serial.println(val);

// looping
Serial.println("Looping: for");
for(i=0;i<val;i++){
if(i==5)
continue;

if(i>10)
break;
Serial.print(i);

Serial.print(" ");

}
Serial.println();

delay(3000);
}
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Save this program as BreakContinue, then compile and upload this
program into the Arduino Nano 33 BLE Sense board. After uploading the
program, you can view the program output using Serial Monitor, as shown
in Figure 2-8.

@ com1z2 — O X

| Send
val: 11 4]
Looping: for

012348678910

val: 9

Looping: for

01234678

val: 12

Looping: for

012346783910

wval: 13

Looping: for

01234678910

val: 9

Looping: for

01234678

v

[ Autoscroll [] Show timestamp Both NL& CR  ~ 115200 baud ~ Clear output

Figure 2-8. Applying break and continue in Sketch

How does this work? Set a random value in the loop() function. Print
this random value to the serial terminal using the Serial object.

void loop() {
long val = random(6, 15);
int i;
// print
Serial.print("val: ");
Serial.println(val);
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Perform looping from 0 to a random value, val. When you have
an iteration = 5, skip this iteration using a continue statement. Then,
when you have an iteration > 10, exit from looping by calling the break
statement.

// looping
Serial.println("Looping: for");
for(i=0;i<val;i++){

if(i==5)
continue;

if(i>10)
break;

Serial.print(i);
Serial.print(" ");

}
Serial.println();

This is the end of our basic Sketch program. Next, we write an Arduino

program with various cases.

Digital 1/0

Arduino Nano 33 BLE Sense has digital input/output on 14 pins. You can
attach sensors and actuators in digital I/O pins. The Arduino Nano 33
BLE Sense pin layout is displayed on the back of the board, as shown in
Figure 2-9. Digital I/O pins are defined as Dx where x is a digital number;
for instance, D1 is digital I/O on pin 1.
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Figure 2-9. Arduino Nano 33 BLE Sense board pinout

You can check the details of the pinout of the Arduino Nano 33 BLE
Sense board on the official Arduino website at https://content.arduino.
cc/assets/Pinout-NANOsense latest.pdf.

To implement a demo for digital I/O on Arduino Nano 33 BLE Sense,
we need a LED and a push button. For this examples, use the internal
LED (built-in LED) on digital pin 13. We also need a push button that is
connected to digital pin 7. Figure 2-10 shows the wiring for this project.

DI A
T 0 8 B RSN
O 0000000000000 gliv] s » s s 5 s s 0 0 0 o »
g o I O I
;I'iu . LR I
I....I.I..
aelale]l s &« & » & s & 8 0 88w

L L O I B T O O O O
L B B B B B O B B B B B B R B R
.

fritzing

Figure 2-10. A wiring configuration for a push button project
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Now you can create the Arduino program. This program will turn on
an LED when the user presses a push button. The program algorithm is to
read a push button state using the digitalRead() function. To turn on the
LED, we can use digitalWrite() and set a HIGH value.

Open the Arduino softwareand write this complete program.

int led = 13;
int pushButton = 7;
int state = 0;

void setup() {
pinMode(led, OUTPUT);
pinMode(pushButton, INPUT);

}

void loop() {
state = digitalRead(pushButton);
digitalhWrite(led,state);
delay(300);

}

Save this program as ButtonLed, then compile and upload this
program to the Arduino Nano 33 BLE Sense board. Once it is uploaded,
you can test it by pressing a push button. You should see LED light up on
the Arduino Nano 33 BLE Sense.

How does this work? This program starts by initializing values for the
LED and push button pins.

int led = 13;
int pushButton = 7;
int state = 0;

void setup() {
pinMode(led, OUTPUT);
pinMode(pushButton, INPUT);

}
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Then, in the loop() function, we read a push button state using
the digitalRead() function. The state value will be passed to the
digitalWrite() function to turn the LED on and off.

void loop() {
state = digitalRead(pushButton);
digitalWrite(led,state);
delay(300);

}

Now that you've learned about digital I/O, next we look at analog I/0.

Analog 1/0

Arduino Nano 33 BLE Sense provides analog I/O to enable us to create

interactions with sensor and actuator devices. Analog I/0 pins are labeled
Ax where x is the analog pin number. You can see these labels on the back
of the Arduino Nano 33 BLE Sense board as shown previously in Figure 2-9.

Arduino Nano 33 BLE Sense has eight analog inputs (ADC).
Unfortunately, Arduino Nano 33 BLE Sense does not support analog
output (DAC), but we can use PWM as analog output. For ADC modeling,
Arduino Nano 33 BLE Sense provides ADC resolution with 12 bits.

This demonstration uses an analog temperature sensor, TMP36. You
can also use the TMP36 module like a thermal module from Linksprite
(see https://www.linksprite.com/wiki/index.php?title=Thermal
Module). You can perform the wiring shown in Figure 2-11 as follows:

¢ TMP36 module VCC is connected to Arduino 3.3.V.
¢ TMP36 module GND is connected to Arduino GND.

e TMP36 module SIG is connected to Arduino analog AO.
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Figure 2-11. Wiring for analog sensor and Arduino Nano 33 BLE
Sense

Now you can write an Arduino program to the analog sensor from
the TMP36 module. It will read sensor data and then show it on the serial
terminal. Begin by opening the Arduino software and writing this complete
program.

void setup() {
Serial.begin(115200);
while (!Serial) {
}

}
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void loop() {
int reading = analogRead(A0);

float voltage = reading * 3.3;
voltage /= 1024.0;

Serial.print(voltage); Serial.println(" volts");
float tempC = (voltage - 0.5) * 100 ;

Serial.print(tempC);
Serial.println(" degrees C");
delay(3000);

Save this program as AnalogSensor. Next, compile and upload this
program into the Arduino Nano 33 BLE Sense. Open Serial Monitor to view
the program output, which is shown in Figure 2-12.

& com12 - O %
| Send

0.76 volts o
26.05 degrees C

0.76 volts

26.38 degrees C

0.7€ volts

26.38 degrees C

0.76 volts

26.05 degrees C

0.77 volts

27.34 degrees C

v
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Figure 2-12. Program output for reading temperature

How does this work? First, read the sensor data on analog pin A0.
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void loop() {
int reading = analogRead(A0);

Next, calculate a voltage and show it on the serial terminal. Because we
are using a voltage reference of 3.3V, we can calculate using this formula.

float voltage = reading * 3.3;
voltage /= 1024.0;

Serial.print(voltage); Serial.println(" volts");

Next, compute a temperature using the following formula-based
datasheet from the TMP36 module.

float tempC = (voltage - 0.5) * 100 ;

Serial.print(tempC);
Serial.println(" degrees C");

The result is be printed to the serial terminal.

Plotting an Analog Sensor

You also can plot analog input on a plotter tool that is available in the
Arduino software. This example uses a SparkFun Electret Microphone
Breakout as the analog source. You can find this module at https://www.
sparkfun.com/products/12758.

Connect the SparkFun Electret Microphone Breakout to Arduino Nano
33 BLE Sense board using the following wiring. The resulting configuration

is shown in Figure 2-13.

e SparkFun Electret Microphone Breakout module VCC
is connected to Arduino 3.3V.
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e SparkFun Electret Microphone Breakout module GND
is connected to Arduino GND.

e SparkFun Electret Microphone Breakout module SIG is

connected to Arduino A0.

Figure 2-13. Arduino wiring with SparkFun Electret Microphone
Breakout

Next, you can write an Arduino program to plot sensor data. Open the
Arduino software and write this complete program.

void setup() {
Serial.begin(115200);
while (!Serial) {
}

}
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void loop() {
int val = analogRead(A0);
Serial.println(val);
delay(300);

}

Save this program as AnalogPlotting, then compile and upload this
program into the Arduino Nano 33 BLE Sense. To open the Serial Plotter
tool in the Arduino software, on the Tools menu, select Serial Plotter, as
shown in Figure 2-14.

@ AnalogPlotting | Arduino 1.8.13 - O X

File Edit Sketch Tools

Auto Format Ctrl+T
Archive Sketch

AnalogPlotti Fix Encoding & Reload

void setup() Manage Libraries... Ctrl+Shift+]
Serial.beq Serial Monitor / Ctrl+Shift+M
while (!se . SerialPlotter Ctrl+Shift+L

WIiFi101 / WiFiNINA Firmware Updater

} Board: "Arduino Nano 33 BLE"
Sonall Port: "COM14"
loo0p
Get Board Info
Serial.pri

Programmer
1y (300)

Burn Bootloader

Figure 2-14. Opening the Serial Plotter tool

After you select Serial Plotter, you will see the dialog box shown in
Figure 2-15. Make noise into the SparkFun Electret Microphone Breakout
to obtain various signals on the plotter tool. Because we use delay(300),
the plotter updates its graphs every 300 ms.
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Figure 2-15. Plotting sensor sound data

How does this work? It is very simple. First, read an analog sensor by
calling analogRead().

void loop() {
int val = analogRead(A0);

Then, print to the serial terminal using print1ln() from the Serial
object.

Serial.println(val);
delay(300);

This prompts Serial Plotter to display a graph.
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Serial Communication

Serial communication is the process of sending data one bit at a time,
sequentially, over a communication channel. In Arduino Nano 33 BLE
Sense, we can implement serial communication using the Serial object.
We already used this Serial object in previous projects to show program
output using Serial Monitor.

You can write data into serial communication by calling print() and
println() from the Serial object. For further information about the
Serial object, visit https://www.arduino.cc/reference/en/language/
functions/communication/serial/.

This demonstration builds a blink program. Each LED state is written
into the serial terminal. Use a baud rate setting of 115200. You can open
the Arduino software and write this complete program.

int led = 13;

void setup() {
Serial.begin(115200);
pinMode(led, OUTPUT);
}

void loop() {
Serial.println("LED: HICH");
digitalWrite(led, HIGH);
delay(1000);
Serial.println("LED: LOW");
digitalhWrite(led, LOW);
delay(1000);

Save this program as SerialDemo, then compile and upload this
program into the Arduino Nano 33 BLE Sense. Open Serial Monitor to view
the program output, as displayed in Figure 2-16.
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Figure 2-16. Program output for SerialDemo program

Pulse-Width Modulation

PWM is a method to control analog output. Technically, it is not “true”
analog output. Microcontroller Unit (MCU) can manipulate the duty

cycle to generate pulses. Arduino Nano 33 BLE Sense has PWM pins on

all digital pins. You can see a ~ sign the on digital pins that are PWM pins.
Refer to Figure 2-9, which shows digital pins, such as D2~. In general,
Arduino Nano 33 BLE Sense has 14 PWM pins on digital pins: 0, 1, 2, 3, 4, 5,
6,7,8,9,10,11, 12, 13.

For this demonstration, we use an RGB LED. This LED has four pins.
Three pins are the red, green, and blue pins. The rest could be GND or
VCC, depending on the RGB cathode or anode model. You can implement
the following wiring for this example, which is shown in Figure 2-17.

e RGBred pin is connected to Arduino digital pin 12.
e RGB green pin is connected to Arduino digital pin 11.
e RGB blue pin is connected to Arduino digital pin 10.

e RGB GND pin is connected to Arduino digital pin GND.
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Figure 2-17. Wiring for Arduino and RGB LED

Now you can create an Arduino program to generate some colors with
the RGB LED: red, green, blue, yellow, purple, and aqua. Open the Arduino
software and write this complete program.

int redPin = 12;
int greenPin = 11;
int bluePin = 10;

void setup()

{
pinMode(redPin, OUTPUT);
pinMode(greenPin, OUTPUT);
pinMode(bluePin, OUTPUT);
Serial.begin(115200);

}

void loop()

{

setColor (255, 0, 0); // red
Serial.println("red");
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delay(1000);

setColor(0, 255, 0); // green
Serial.println("green");
delay(1000);

setColor(o, 0, 255); // blue
Serial.println("blue");
delay(1000);

setColor(255, 255, 0); // yellow
Serial.println("yellow");
delay(1000);

setColor(80, 0, 80); // purple
Serial.println("purple");
delay(1000);

setColor(o, 255, 255); // aqua
Serial.println("aqua");
delay(1000);

void setColor(int red, int green, int blue)
analoghrite(redPin, red);

analoghrite(greenPin, green);
analogWrite(bluePin, blue);

Save this program as test_rgb_arduino, then compile and upload this

program into the Arduino Nano 33 BLE Sense. You should see some colors

on the RGB LED. You also can open Serial Monitor to see the program

output, which is also displayed in Figure 2-18.
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Figure 2-18. Program output for RGB application

How does this work? Initialize the digital pins for PWM pins. Call
pinMode () with OUTPUT mode. You also also configure the Serial object
with a baud rate value of 115200.

int redPin = 12;
int greenPin = 11;
int bluePin = 10;

void setup()

{
pinMode(redPin, OUTPUT);
pinMode(greenPin, OUTPUT);
pinMode(bluePin, OUTPUT);
Serial.begin(115200);

}

Next, define the setColor () function to generate a color from
combining red, green, and blue color values. Call analoghirite () to write
data for PWM data.
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void setColor(int red, int green, int blue)

{

}

analogWrite(redPin, red);
analoghrite(greenPin, green);
analogWrite(bluePin, blue);

Next, generate some colors on the loop() function. For instance, we

want to set Red = 255, Green = 0, and Blue = 0. These samples generate
color for red, green, and blue.

void loop()

{

setColor(255, 0, 0); // red
Serial.println("red");
delay(1000);

setColor(0, 255, 0); // green
Serial.println("green");
delay(1000);

setColor(o, 0, 255); // blue
Serial.println("blue");
delay(1000);

You can also generate colors for yellow, purple, and aqua by inserting

values for red, green, and blue.

setColor(255, 255, 0); // yellow
Serial.println("yellow");
delay(1000);

setColor(80, 0, 80); // purple
Serial.println("purple");
delay(1000);

setColor(o, 255, 255); // aqua
Serial.println("aqua");
delay(1000);
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You can practice generating new colors by combining different values
for red, green, and blue. Values can be set from 0 to 255.

Serial Peripheral Interface

Serial communication works with asynchronous mode so there is no
control on serial communication. This means we cannot guarantee
the data that are sent will be received by the intended receiver. SPI is a
synchronous serial communication interface specification, but SPI has
four wires to control data such as MOSI, MISO, SCLK, and SS.

Arduino Nano 33 BLE Sense has one SPI interface with the following
SPI pins.

e MOSI on digital pin 11.
e MISO on digital pin 12.
e SCLK on digital pin 13.

You can attach any sensor or actuator-based SPI interface to the
Arduino Nano 33 BLE Sense board. For this example, we only connect the
MISO pin to the MOSI pin using a jumper cable. You can connect digital
pin 12 to digital pin 11. Figure 2-19 shows the wiring for this SPI demo.
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Figure 2-19. Connecting MISO and MOSI pins from Arduino SPI

To access the SPI interface on Arduino Nano 33 BLE Sense, you can
use the SPI library. Detailed information about this library is available at
https://www.arduino.cc/en/Reference/SPI

Now we can build an Arduino program. This program will send data to
and receive data from SPI. To begin, open the Arduino software and then
write this complete program.

#include <SPI.h>

byte sendData,recvData;
void setup() {
SPI.begin();
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Serial.begin(9600);
randomSeed(80);

}

void loop() {
sendData = random(50, 100);

SPI.transfer(sendData);

recvData

Serial.print("Send=");
Serial.println(sendData,DEC);
Serial.print("Recv=");
Serial.println(recvData,DEC);
delay(800);

Save this program as SPIDemo, then compile and upload this program
into the Arduino Nano 33 BLE Sense. You can open Serial Monitor to see
the program output, which is also shown in Figure 2-20.

————
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Recv=54 A
Send=66
Recv=66
Send=57
Recv=57
Send=92
Recv=92
Send=50
Recv=50
Send=85
Recv=85
Send=52
Recv=52

W

Both NL&CR  ~ 115200 baud ~ Clear output

Autoscroll [_]Show timestamp

Figure 2-20. Program output for SPI program
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How does this work? First, initialize SPI and the Serial interface on
setup() function.

#include <SPI.h>

byte sendData,recvData;

void setup() {
SPI.begin();
Serial.begin(9600);
randomSeed(80);

}

To send and receive data over SPI, you can use the SPI.transfer()

function. You can send data with random values in the loop() function.

void loop() {
sendData = random(50, 100);
recvData = SPI.transfer(sendData);

Next, print the sent and received data on the serial terminal.

Serial.print("Send=");
Serial.println(sendData,DEC);
Serial.print("Recv=");
Serial.println(recvData,DEC);

That complete the SPI demo. You can practice further by applying
sensor and actuator devices.
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Inter-Integrated Circuit

The Inter-Integrated Circuit (I2C) protocol is a protocol intended to allow
multiple “slave” modules or devices (chips) to communicate with one or
more “master” chips. This protocol works with asynchronous mode. To
communicate with other devices or modules, the I2C protocol defines 12C
addresses for all slave devices.

The 12C interface has two pins: SDA and SCL. For data transfer, the 12C
interface uses the SDA pin. The SCL pin is used for clocking. The Arduino
Nano 33 BLE Sense board has I12C pins on A4 as SDA and A5 as SCL.

For this example, we use a sensor-module-based 12C interface. The
I2C interface uses a device address so the Arduino Nano 33 BLE Sense
board can access data by opening a connection to the 12C address. Each
analog sensor from the sensor-module-based I12C will be attached to an
12C address.

For testing in this example, an PCF8591 AD/DA Converter module with
sensor and actuator devices is used, as shown in Figure 2-21. The PCF8591
AD/DA module uses a PCF8591 chip that consists of four analog inputs
and an AD converter. The PCF8591 chip also has analog output with a DA
converter. For further information about the PCF8591 chip, see https://
www . nxp.com/products/interfaces/ic-spi-serial-interface-
devices/ic-dacs-and-adcs/8-bit-a-d-and-d-a-converter:PCF8591.
This type of module can be purchased online or at your local store.
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Figure 2-21. PCF8591 ADC DAC AD/DA module

Based on the documentation for the PCF8591 AD/DA Converter
module, this module uses an I2C address on 0x48. The PCF8591 AD/DA
Converter module also consists of three sensors.

e Thermistor: Using channel 0.
o Photoresistor: Using channel 1.
e Potentiometer: Using channel 3.

Now Attaching PCF8591 AD/DA Converter module to Arduino Nano
33 BLE Sense board with the following wiring.

PCF8591 AD/DA module SDA is connected to Arduino
A4 pin.

e PCF8591 AD/DA module SCL is connected to Arduino
A5 pin.

¢ PCF8591 AD/DA module VCC is connected to Arduino
3.3V.

e PCF8591 AD/DA module GND is connected to Arduino
GND pin.
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Figure 2-22 shows wiring for the PCF8591 AD/DA Converter module
and Arduino Nano 33 BLE Sense board. You should see a lighted LED
when you plug in 3.3V to the module.

Figure 2-22. Wiring PCF8591 ADC DAC AD/DA module with
Arduino Nano 33 BLE Sense

Now that we have finished our wiring for this demonstration, we can
implement two project demos: an I12C scanning application and an I12C
sensor application. First, let’s build a scanning I12C address application on
the Arduino Nano 33 BLE Sense board.
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Scanning 12C Address

Every device or module-based-12C set has its own I12C address on MCU. In
this section, we want to scan all devices that are attached on the Arduino
Nano 33 BLE Sense. We also have some internal sensor devices based on
12C inside the Arduino Nano 33 BLE Sense.

To access 12C on the Arduino board, you can use Wire library. We can
include our program by inserting the wire.h library. For more information
about the Wire library, consult the official Arduino website at https://
www.arduino.cc/en/Reference/Wire.

This demo uses the wiring demo from the PCF8591 AD/DA Converter
module shown previously in Figure 2-22. This program was modified from
https://playground.arduino.cc/Main/I2cScanner/. Open the Arduino
software and write this complete program.

#include <Wire.h>
void setup() {

Serial.begin(115200);
Wire.begin();
Serial.println("\nI2C Scanner");

}

void loop() {
byte error, address;
int nDevices;

Serial.println("Scanning...");

nDevices = 0;

for(address = 1; address < 127; address++) {
Wire.beginTransmission(address);
error = Wire.endTransmission();
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if (error == 0) {
Serial.print("I2C device found at address 0x");
if (address < 16)
Serial.print("0");
Serial.println(address, HEX);

nDevices++;
}
else if (error == 4) {
Serial.print("Unknown error at address 0x");
if (address < 16)
Serial.print("0");
Serial.println(address, HEX);
}
}
if (nDevices == 0)
Serial.println("No I2C devices found");
else
Serial.println("done");

delay(5000);
}

Save this program as i2c_scanner. You can then compile and upload
this program into the Arduino Nano 33 BLE Sense. You can view the
program output using Serial Monitor, as displayed in Figure 2-23. You
can see that there are three 12C addresses. 0x48 is our PCF8591 AD/DA
Converter module, and two I12C addresses, 0x51 and 0x55, are internal 12C
sensors inside the Arduino Nano 33 BLE Sense.
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Figure 2-23. Program output for reading I2C address

How does this work? First, initialize the I12C and serial interfaces in the
setup() function. Set the baud rate serial value to 115200.

#include <Wire.h>
void setup() {

Serial.begin(115200);
Wire.begin();
Serial.println("\nI2C Scanner");

}

In the loop() function, we perform a scan for the 12C address by
probing I2C data. Set initialize nDevices = 0 for the number of I2C devices
to find. Perform a looping task from address 0 to 127.

Next, open the I2C interface using Wire.beginTransmission(), then
close a transmission by calling wire.endTransmission().

67



CHAPTER 2  ARDUINO NANO 33 BLE SENSE BOARD DEVELOPMENT

nDevices = 0;
for(address = 1; address < 127; address++) {
Wire.beginTransmission(address);
error = Wire.endTransmission();

Check for value error. If there is no error, it means you have an 12C
device on the current address. Print the I2C address to the serial terminal
using Serial.println() with HEX mode.

if (error == 0) {
Serial.print("I2C device found at address 0x");
if (address < 16)
Serial.print("0");
Serial.println(address, HEX);

nDevices++;

}

Otherwise, check the error code. If error = 4, we print errors on this
address for unknown errors on the current address.

else if (error == 4) {
Serial.print("Unknown error at address 0x");
if (address < 16)
Serial.print("0");
Serial.println(address, HEX);
}

Finally, print the findings on the I12C interface on the serial terminal.

if (nDevices == 0)

Serial.println("No I2C devices found");
else

Serial.println("done");
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This program is useful to check a list of I2C devices that is attached on
the Arduino Nano 33 BLE Sense board.

Reading Sensor-Based-12C Addresses

In this section, we read sensor data from an I2C device. You already
configured the hardware wiring shown in Figure 2-22. The PCF8591 AD/
DA Converter module has three sensors: thermistor, photo-voltaic cell,
and potentiometer. Each sensor has a channel address on 0x00, 0x01, and
0x03, respectively.

Let’s start to build an Arduino program to access sensor devices over
the 12C interface. Open the Arduino software and write this complete
program.

#include "Wire.h"

#define PCF8591 0x48 // I2C bus address

#fdefine PCF8591 ADC CHO 0x00 // thermistor

#define PCF8591 ADC CH1 0x01 // photo-voltaic cell
#define PCF8591 ADC_CH2 0x02

#define PCF8591_ADC CH3 0x03 // potentiometer

byte ADC1, ADC2, ADC3;

void setup()

{
Wire.begin();
Serial.begin(9600);

}

void loop()

{
// read thermistor
Wire.beginTransmission(PCF8591);
Wire.write((byte)PCF8591 ADC CHO);
Wire.endTransmission();
delay(100);
Wire.requestFrom(PCF8591, 2);
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delay(100);
ADC1=Wire.read();
ADC1=Wire.read();

Serial.print("Thermistor=");
Serial.println(ADC1);

// read photo-voltaic cell
Wire.beginTransmission(PCF8591);
Wire.write(PCF8591 ADC CH1);
Wire.endTransmission();
delay(100);
Wire.requestFrom(PCF8591, 2);
delay(100);

ADC2=Wire.read();
ADC2=Wire.read();

Serial.print("Photo-voltaic cell=");
Serial.println(ADC2);

// potentiometer
Wire.beginTransmission(PCF8591);
Wire.write(PCF8591_ADC_CH3);
Wire.endTransmission();
delay(100);
Wire.requestFrom(PCF8591, 2);
delay(100);

ADC3=Wire.read();
ADC3=Wire.read();

Serial.print("potentiometer=");
Serial.println(ADC3);

delay(500);
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Save this program as 12CSensor. Next you can compile and upload this
program into the Arduino Nano 33 BLE Sense. Open Serial Monitor on the
Arduino software to view the sensor data from the I12C protocol, as shown
in Figure 2-24.
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Figure 2-24. Program output for reading sensors over I2C

How does it work? First, initialize your I2C, Serial, and PCF8591 AD/
DA Converter module. Define the 12C address channel in the setup()
function.

#include "Wire.h"

#define PCF8591 0x48 // I2C bus address

#define PCF8591 ADC CHO 0x00 // thermistor

#define PCF8591 ADC CH1 0x01 // photo-voltaic cell
#define PCF8591 ADC_CH2 0x02

#define PCF8591 ADC CH3 0x03 // potentiometer

byte ADC1, ADC2, ADC3;
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void setup()
{
Wire.begin();
Serial.begin(9600);
}

You can read sensor data in the loop() function. To read thermistor
data, open 12C using Wire.beginTransmission() with passing PCF8591.
Then, select a channel for the thermistor with the value PCF8591_
ADC_CHO using Wire.write(). Close transmission by calling Wire.
endTransmission(). Read sensor data with 2 bytes using the Wire.
requestFrom() function.

void loop()

{
// read thermistor
Wire.beginTransmission(PCF8591);
Wire.write((byte)PCF8591 ADC CHO);
Wire.endTransmission();
delay(100);
Wire.requestFrom(PCF8591, 2);
delay(100);
ADC1=Wire.read();
ADC1=Wire.read();

Set delay(100) to wait for the module to complete your request. You
can read data per byte using the Wire.read() function. Next, print the
thermistor data on the serial terminal.

Serial.print("Thermistor=");
Serial.println(ADC1);
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With the same method, you can read the photo-voltaic cell by changing
the channel value to PCF8591 ADC_CH1. After that, read sensor data and
print the results to the serial terminal.

// read photo-voltaic cell
Wire.beginTransmission(PCF8591);
Wire.write(PCF8591 ADC CH1);
Wire.endTransmission();
delay(100);
Wire.requestFrom(PCF8591, 2);
delay(100);

ADC2=Wire.read();
ADC2=Wire.read();

Serial.print("Photo-voltaic cell=");
Serial.println(ADC2);

You can also read the potentiometer from the PCF8591 AD/DA
Converter module. Open the I12C interface and select the channel for
PCF8591_ADC_CH3. Then, you can read sensor data and print it on the serial

terminal.

// potentiometer
Wire.beginTransmission(PCF8591);
Wire.write(PCF8591 ADC CH3);
Wire.endTransmission();
delay(100);
Wire.requestFrom(PCF8591, 2);
delay(100);

ADC3=Wire.read();
ADC3=Wire.read();

Serial.print("potentiometer=");
Serial.println(ADC3);
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You can continue your practice on the Arduino Nano 33 BLE Sense
with some of the protocols that we have already learned.

Summary

This chapter covered basic Arduino programming using Sketch. You
learned how to access digital and analog I/O on the Arduino Nano 33 BLE
Sense board. We also explored how to implement PWM on Arduino Nano
33 BLE Sense and plot sensor data. Furthermore, you learned to use SPI
and I2C interfaces to communicate with external devices.

Next, we explore how to access internal sensor devices on the Arduino
Nano 33 BLE Sense.
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Sensor Programming

The Arduino Nano 33 BLE Sense board has some internal sensors such
as an inertial measurement unit (IMU), a pressure sensor, a digital
microphone, a humidity and temperature sensor, and a gesture sensor.
This chapter explores how to access internal sensor devices on the Arduino
Nano 33 BLE Sense.

You will learn about the following topics in this chapter:

e Accessing the temperature and relative humidity

Sensor.
» Plotting sensor data.
o Plotting sensor data using an OLED I2C display.
e Accessing the IMU sensor.
e Accessing the pressure sensor.
o Working with a digital microphone.

o Working with a gesture sensor.
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CHAPTER 3  SENSOR PROGRAMMING

Introduction

The Arduino Nano 33 BLE Sense board has some internal sensors such as
IMU, a pressure sensor, a digital microphone, a humidity and temperature
sensor, and a gesture sensor. These sensor chips are shown in Figure 3-1.
Most sensor chips are attached on 12C protocol interfaces.

IMU

Pressure
Sensor

Sensor

Digital

&,  Microphone

N e L

SRR Humidity and

Temperature

Figure 3-1. Some sensor chips on the Arduino Nano 33 BLE Sense
board

In Chapter 2, we learned about the 12C interface. We also performed
a scan for the I12C address. We can modify the i2c_scanner program from
Chapter 2 to list all 12C addresses in the Arduino Nano 33 BLE Sense. You
can write these complete scripts.

#include <Wire.h>

void setup() {
Serial.begin(115200);
Wire.begin();
Serial.println("\nI2C Scanner");

}
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void loop() {
byte error, address;

int nDevices;

nDevices = 0;

for(address = 1; address < 127; address++) {
Wire.beginTransmission(address);
error = Wire.endTransmission();

if (error == 0) {
Serial.print("I2C device found at address 0x");
if (address < 16)
Serial.print("0");
Serial.println(address, HEX);

nDevices++;

}
}
delay(5000);

}

Save this program as i2c_internalsensor. Next, compile and upload
this program into the Arduino Nano 33 BLE Sense. Make sure to change
your board position, shake your board, or move your board so you have a
measurement result on the serial terminal.

Figure 3-2 shows the program output for the i2c_internalsensor
program, a list of I2C addresses in the Arduino Nano 33 BLE Sense.
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Figure 3-2. A list of 12C address in the Arduino Nano 33 BLE Sense

Temperature and Relative Humidity

The Arduino Nano 33 BLE Sense board has a built-in temperature and
relative humidity sensor that uses HTS221. To work with this sensor, use
the Arduino_HTS221 library. You can documentation for this sensor at
https://www.arduino.cc/en/Reference/ArduinoHTS221.

You can install the Arduino_HTS221 library via Library Manager.
Type Arduino_HTS221 in the search text box so you can see the Arduino_
HTS221 library, as shown in Figure 3-3.
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@ Library Manager X

| Type All « Topic Al < Arduing_HTS221
| | Arduino_HTS221
by Arduino
Allows you to read the
More info

P and humidi of your Nano 33 BLE Sense.

Adafruit HTS221
by Adafruit

Arduino library for the HTS221 sensors in the Adafruit shop Arduino library for the HTS221 sensors in the Adafruit shop
More infa

Sodaq_HT5221
rx Tsamakos, SODAQ

v Al
An Arduino library for the HT5221 sensor. Supports humidity and temperature sensors.
More infa

| 5TM32duino HT5221

by AST, WiGLahs

Capacitive digital sensar for relati idity and P
relative humidity and temperature HT5221 for STM32 boards.
More info

This library provides Arduino support for the capacitive digital sensar for

|

Figure 3-3. Installing the Arduino_HTS221 library

Click Install to install the Arduino_HTS221 library. Make sure your
computer has Internet access. After that, you can access the HTS221
Sensor.

For this demonstration, we read the temperature and relative humidity
sensor. You can use the readTemperature() function from the HTS object
to read temperature. You can also can call the readHumidity() function to
read humidity. Before you call these functions, initialize the sensor device
by calling the HTS.begin() function. Finaly, you can print the sensor data
into the serial terminal.

Open the Arduino software and write these scripts to read the
temperature and humidity sensors.

#include <Arduino HTS221.h>

void setup() {
Serial.begin(115200);
while (!Serial);
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if (!HTS.begin()) {
Serial.println("Failed to initialize humidity temperature
sensor!");
while (1);

}
}

void loop() {
float temperature = HTS.readTemperature();

float humidity

Serial
Serial

Serial.

Serial

Serial

HTS.readHumidity();

.print("Temperature = ");
.print(temperature);
Serial.

println(" °C");

print("Humidity = ");

.print(humidity);
Serial.

println(" %");

.println();

delay(1000);

Save this program as TempHumidity. You can then compile and

upload this program into the Arduino Nano 33 BLE Sense. We can the see

program output using Serial Monitor, as shown in Figure 3-4.
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Figure 3-4. Program output for TempHumidity program

Plotting Sensor Data

You just saw that we can read temperature and humidity sensor data from
built-in sensor devices on the Arduino Nano 33 BLE Sense. In this section,
we plot our sensor data using the Serial Plotter tool from Arduino. For
testing, use the preceding project that reads temperature and humidity
Sensors.

The first step is to create a new Sketch program. Open the Arduino
software and include the HTS221 library in the program. Next, initialize the
HTS221 sensor and serial communication in the setup() function. Set the
serial baud rate value to 115200 and initialize HTS221 by calling the HTS.
begin() function.

#include <Arduino HTS221.h>

void setup() {
Serial.begin(115200);
while (!Serial);
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if (!HTS.begin()) {
Serial.println("Failed to initialize humidity temperature
sensor!");
while (1);
}
}

In the loop() function, we read the temperature sensor using HTS.
readTemperature(). We also read the humidity sensor using the HTS.
readHumidity() function.

void loop() {
float temperature = HTS.readTemperature();
float humidity HTS.readHumidity();

To plot the temperature and humidity sensors to Serial Plotter, you
can print sensor values with the , delimiter. To set a legend name on
Serial Plotter, you can use “sensor_name:”. For instance, you can print the
temperature and humidity sensor variables as follows.

Serial.print("Temperature:");
Serial.print(temperature);
Serial.print(", ");
Serial.print("Humidity:");
Serial.println(humidity);
delay(500);

Now save this program as Plot_TempHumidity. You can then compile
and upload the program into the Arduino Nano 33 BLE Sense. After
uploading the program, open Serial Plotter from Tools menu in the
Arduino software. You should see the sensor outputs in Serial Plotter,
too. Figure 3-5 shows the program output from the Plot_ TempHumidity
program. You also should see the sensor legend names like Temperature
and Humidity.
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Figure 3-5. Plotting the Plot_TempHumidity sensor data in Serial
Plotter

Plotting Sensor Data Using an OLED 12C
Display

In this section, we cover how to display sensor data on an OLED display.
There are two interface models on an OLED display: SPI and I12C. This
demonstration uses an OLED I2C display that you can buy at any local
electronics store or online.

For this demo, I used an OLED I2C display with 0.96 inch or 128 x 64
pixels, obtained online and shown in Figure 3-6. Technically, you can use
any display size for the OLE 12C display. The next step is wiring OLED I2C
display to the Arduino Nano 33 BLE Sense board.
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[

Figure 3-6. OLED 0.96” I12C display

Wiring for the OLED 12C Display

We use an OLED display with an I2C interface so we can connect the
display to the Arduino Nano 33 BLE Sense over 12C pins. You can see
how the wiring should look in Figure 3-7. You can perform this wiring as
follows.

e OLED I2C display module SDA is connected to Arduino
A4 pin.

e OLED I2C display module SCL is connected to Arduino
A5 pin.

e OLED I2C display module VCC is connected to Arduino
3.3V.

e OLED I2C display module GND is connected to
Arduino GND pin.
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Figure 3-7. Wiring the OLED I2C display on the Arduino Nano 33
BLE Sense

Next, you can build an Arduino program for the OLED I12C display.

Checking the 12C Address of the OLED 12C
Display

Now that the wiring between the Arduino Nano 33 BLE Sense and OLED
12C display is complete, you can use the i2c_scanner program from
Chapter 2 to check for I2C addresses from devices. This will give you the
12C address from the OLED I2C display.

Load the i2c_scanner program into the Arduino software, then compile
and upload this program into the Arduino Nano 33 BLE Sense. After that,
open Serial Monitor. You should see three I12C addresses. Two of them are
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12C built-in sensors on the Arduino Nano 33 BLE Sense. The third one is
the OLED I2C display. The program output is shown in Figure 3-8. You can
see the OLED I2C display running on the 0x3C I12C address.

coM14 - O %

TZOC UsSvICE ITUUnu acr auuress oA
done

Scanning...

I2C device found at address 0x3C
done

Scanning...

12C device found at address 0x3cC
done

Scanning...

I2C device found at address Ox3C
done

Scanning...

I12C device found at address 0x3cC
done

w
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Figure 3-8. Detecting the 12C address for the OLED I2C display

The next step is to set up libraries to build programs for the OLED 12C
display on the Arduino Nano 33 BLE Sense.

Setting Up the OLED 12C Display Library

To work with the OLED I2C display on Arduino, you need to install two
libraries from Adafruit.

o Adafruit SSD1306: https://github.com/adafruit/
Adafruit SSD1306

o Adafruit GFX Library: https://github.com/adafruit/
Adafruit-GFX-Library

86


https://github.com/adafruit/Adafruit_SSD1306
https://github.com/adafruit/Adafruit_SSD1306
https://github.com/adafruit/Adafruit-GFX-Library
https://github.com/adafruit/Adafruit-GFX-Library

CHAPTER 3  SENSOR PROGRAMMING

We can install these libraries via Library Manager on the Arduino
software. Type Adafruit_SSD1306 and Adafruit GFX Library to locate and
install these libraries. Figure 3-9 shows the Adafruit_SSD1306 library.

| @ Library Manager o

| Type Al ~ Topic All * Adafruit_SSD1306

|| Adafruit SSD1306

by Adafruit

55D1306 oled driver library for monochrome 128x64 and 128x32 displays S5D1306 oled driver library for monochrome 128x64 and
128x32 displays

More info

| Version 24.0 ~ | Install
Adafruit 5501306 Wemos Mini OLED
by Adafruit + m

causer
55D1306 oled driver library for Wemos D1 Mini OLED shield This s based on the Adafruit |ibrary, with additional code added to support the
64x48 display by mcauser,

More info

desklab

by Axel Schlindwein, Tobias Schmitt, Jonas Drotieff

Implement methods for the use of desklab (www.desk-lab.de) devices. Supports desklab Photometers. You will also have to install
Adafruit 5501306 and Adafruit-GFX-Library.

More info

ESP QReode

by Jose Antonio Espinosa and Anun Panya

ESP Generate QRCode for 5501306, SH1106 oled displays 128*64 pixel and others based on Adafruit ST77XX ESP Generate QRCode
for 55_01306, SH1106 cled displays 12884 pixel and others based on Adafruit ST77xx

Figure 3-9. Adding libraries for the OLED 12C display

Install both of the libraries. You might be asked to install additional
libraries (e.g., Adafruit BuslIO) to enable working the with Adafruit_
SSD1306 and Adafruit GFX libraries.

Testing the OLED I12C Display

After the Adafruit_SSD1306 library is installed, you can test your OLED 12C
display using program samples from the Adafruit_SSD1306 library. From
the File menu, select Examples » Adafruit_SSD1306 » ssd1306_128x64_
i2c. Once you make this selection, you should see the codes shown in
Figure 3-10.
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ssd1306_128x64_i2c | Arduino 1.8.13 - ) X

File Edit Sketch Tools Help

ssd1306_128x64_i2c

B01110000, BO1110000, ~
B00000000, BOO110000 };

i setup() {
Serial.begin(9600);
// SSD1306 SWITCHCAPVCC = generate display voltage
if(!ldispl -be .l__:l(SSDlEOG_SWITCHCﬂPVCC, i 52 [ B T
Serial.pr r.n(k("ﬁi )6 allocation failéd"}ﬂ;
for(;;); // Don't proceed, loop forever
}
// Show initial display buffer contents on the scr
// the library initializes this with an Adafruit s
i v () i
< »

Arduino Mano 33 BLE on COM14

Figure 3-10. A program sample for the OLED I2C display

Next, modify this program with the I2C address from your OLED 12C
display. In the previous section, we found the 0x3C address for the OLED
12C display. Replace the 12C address in display.begin() with 0x3C as
shown in Figure 3-10.

Now you can compile and upload this program to the the Arduino
Nano 33 BLE Sense. You should see some forms on the OLED I2C display.
Figure 3-11 shows the program output from ssd1306_128x64_i2c on the
OLED I2C display with 128 x 64 pixels.
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Figure 3-11. Running the ssd1306_128x64_i2c program on the OLED
I2C display

If you can see the display output from the ssd1306_128x64_i2c
program, it means your OLED I2C display works. We will use this OLED to
display sensor data in the following demonstrations. If you don’t see the
display output, first, check the 12C address of the OLED 12C display. Then,
make sure your OLED I2C display has a display size of 128 x 64 pixels.

Displaying Temperature and Humidity Sensor

In this section, we build an Arduino program to display the output of the
temperature and humidity data sensors to the OLED I2C display. You
can use a program from the previous section to read the temperature and
humidity sensor.
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Open the Arduino software and create a new Sketch program. Start by
importing all required libraries for the 12C library, OLED I2C display, and
HTS221 sensor.

#include <SPI.h>

#include <Wire.h>

#include <Adafruit GFX.h>
#include <Adafruit_SSD1306.h>
#include <Arduino HTS221.h>

Next you need to define the OLED I12C display size. For this demo, I
used 128 x 64 pixels. You can change the size based on your OLED module.

#define SCREEN WIDTH 128
#define SCREEN HEIGHT 64

Next, configure Adafruit SSD1306 with the I2C address of the OLED
module and display size.

#define OLED RESET 4 // Reset pin
Adafruit_SSD1306 display(SCREEN WIDTH, SCREEN HEIGHT, &Wire,
OLED RESET);

In the setup() function, initialize serial communication and the
Adafruit_SSD1306 library. Call display.begin() with some parameters to
initialize your OLED display.

void setup() {
Serial.begin(115200);

if(!display.begin(SSD1306 SWITCHCAPVCC, 0x3C)) {
Serial.println(F("SSD1306 allocation failed"));
for(;;); // Don't proceed, loop forever

}
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After that, test the OLED 12C display by calling display() for 2
seconds. Then, clear the screen of the OLED display.

display.display();
delay(2000); // Pause for 2 seconds

// Clear the buffer
display.clearDisplay();

Finally, initialize the HTS221 sensor by calling the HTS.begin()
function.

if (!'HTS.begin()) {
Serial.println("Failed to initialize humidity temperature
sensor!");
while (1);

}

In the loop() function, read the temperature and humidity sensors.
Call the HTS.readTemperature() function to read the temperature sensor
and the HTS.readHumidity() function to read the humidity sensor. Store
all sensor data in the temperature and humidity variables.

void loop() {
float temperature
float humidity

HTS.readTemperature();
HTS.readHumidity();

Next, display the sensor data on the OLED I2C display using the
print() function. Use setTextSize() to set the font size for the display
text.

display.clearDisplay();
display.setTextSize(1);
display.setTextColor(SSD1306 WHITE);
display.setCursor(0,0);
display.print("Temperature");
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display.setTextSize(2);
display.setCursor(0,12);

String temp = String(temperature);
temp = temp + " *C";
display.print(temp);

display.setTextSize(1);
display.setCursor(0,30);
display.print("Humidity");
display.setTextSize(2);
display.setCursor(0,48);
display.print(String(humidity));
display.display();

Last, display the sensor data onto the serial terminal using the Serial.
print() and Serial.println() functions.

Serial.print("Temperature = ");
Serial.print(temperature);
Serial.println(" °C");

Serial.print("Humidity = ");
Serial.print(humidity);
Serial.println(" %");

Serial.println();
delay(1000);

Save the program as OledSensor, then compile and upload the
program to the Arduino Nano 33 BLE Sense. You should see sensor data
on the OLED I2C display, as shown in Figure 3-12. Figure 3-13 shows the
program output on Serial Monitor.
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Figure 3-12. Displaying sensor data on an OLED I2C display
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Figure 3-13. Program output from OledSensor
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IMU Sensor

The Arduino Nano 33 BLE Sense board has an IMU sensor with an
LSM9DS3 chip. This chip provides IMU sensors such as an accelerometer,
a gyroscope, and a magnetometer. We can use the Arduino_LSM9DS3
library to access the IMU sensor on the Arduino Nano 33 BLE Sense.
You can find this library at https://www.arduino.cc/en/Reference/
ArduinolLSM9DS1.

To install the Arduino_LSM9DS3 library, use Library Manager and
enter Arduino_LSM9DS3 in the search text box. You should see this library
as shown in Figure 3-14. Install this library by clicking Install.

@ Library Manager X

Type All * Topic All * Arduino_LSM3D51 ﬁ
Arduino_LSM9DS1 h R
by Arduino

Allows you to read the I and gy pe values from the LSMDS1 IMU on your Arduino Nano 33 BLE
Sense.
More info

Version 1.1.0 ~ Install
Adafruit LSM9D51 Library
by Adafruit

Arduino library for LSM3DS1 9-DOF sensor board. Arduine library for LSMSDS1 9-DOF sensor board.
|| More info

; Melopera LSM9D51

by Melopero Electronics
A driver library for the LSM3D51 9-DOF IMU. This library allows an Arduine board to communicate with the LSM3DS1 sensor via SPI or [2C
for reading the accelerometer, gy pe and data. ! and mag interrupts are supported.

i| More info

Figure 3-14. Installing the Arduino_LSM9DS]1 library

The next step is to build a Sketch program to read the accelerometer,
gyroscope, and magnetometer sensors on the Arduino Nano 33 BLE Sense.
You need to open the Arduino software and create a new program. First,
initialize serial communication and the Arduino_LSM9DSI1 libraries in the
setup() function.
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#include <Arduino LSM9DS1.h>

void setup() {
Serial.begin(115200);
while (!Serial);
Serial.println("Started");

if ('IMU.begin()) {
Serial.println("Failed to initialize IMU!");
while (1);
}
}

In the loop() function, we read acceleration sensor. Check if sensor
data are available using IMU.accelerationAvailable(). Then, we can
read sensor data by calling IMU.readAcceleration(). After that, we print
sensor data to serial terminal.

void loop() {
float x, y, z;

if (IMU.accelerationAvailable()) {
IMU.readAcceleration(x, y, z);

Serial.print("Accelerometer: ");
Serial.print(x);
Serial.print('\t");
Serial.print(y);
Serial.print('\t');
Serial.println(z);

}

Next, read the gyroscope sensor by calling IMU.readGyroscope() after
calling the IMU.gyroscopeAvailable() function.
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if (IMU.gyroscopeAvailable()) {
IMU.readGyroscope(x, y, z);

Serial.print("Gyroscop: ");
Serial.print(x);
Serial.print('\t');
Serial.print(y);
Serial.print('\t');
Serial.println(z);

Last, we read a magnetic field sensor on the Arduino Nano 33 BLE
Sense by calling the IMU.readMagneticField() function and then
print the result to the serial terminal. Make sure you call the IMU.
gyroscopeAvailable() function before reading the sensor data.

if (IMU.magneticFieldAvailable()) {
IMU.readMagneticField(x, y, z);

Serial.print("Magnetic Field: ");
Serial.print(x);
Serial.print('\t');
Serial.print(y);
Serial.print('\t");
Serial.println(z);

}

delay(300);
}

Save this program as IMUSensor, then compile and upload it to
the Arduino Nano 33 BLE Sense. You can see program output on Serial
Monitor, as shown in Figure 3-15.
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Figure 3-15. Program output from IMUSensor program

Pressure Sensor

The Arduino Nano 33 BLE Sense has a pressure sensor with an LPS22HIB
chip. This chip provides a pressure sensor with values ranging from 260
to 1260 hPa. In this section, we access the pressure sensor on the Arduino
Nano 33 BLE Sense.

We can use the Arduino_LPS22HB library to access pressure sensor
on the Arduino Nano 33 BLE Sense board. You can find this library at
https://www.arduino.cc/en/Reference/ArduinolLPS22HB.

To access the pressure sensor, install the Arduino_LPS22HB library in
Library Manager. You can type Arduino_LPS22HB in the search text box
to displays the library, as shown in Figure 3-16. Click Install to install the
library.
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I
| @ Library Manager X
| Type Al « Topic Al < Arduing_LPS22HE
|| Arduino_tPs22HB \ =
by Arduine h
Allows you to read the pressure sensor of your Nano 23 BLE Sense.
More info
Install

Sodaq_LPS22HB

by Alex Tsamakos, SODAQ

An Arduino library for the LPS22HB sensor. Supports barometric and temperature sensars.
More infa

i
| 5TM32duino LPS22ZHB
by AST, WiGLabs
|| 260-1260 hPa absolute digital output barometer. This library provides Arduino support for the 260-1260 hPa absolute digital output
barometer LPS22HB for STM32 boards.
|| More info

1

Figure 3-16. Installing the Arduino_LPS22HB library

The next step is to write a Sketch program to read the pressure data on
the Arduino Nano 33 BLE Sense.

Open the Arduino software. We can access the pressure sensor using
the Arduino_LPS22HB library. First, initialize the LPS22HB chip in the
setup() function by calling the BARO.begin() function.

#include <Arduino_LPS22HB.h>

void setup() {
Serial.begin(115200);
while (!Serial);

if (!BARO.begin()) {
Serial.println("Failed to initialize pressure sensor!");
while (1);
}
}
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In the loop() function, read the pressure sensor data by calling the
BARO.readPressure() function. You can then print the sensor data to the
serial terminal.

void loop() {
float pressure = BARO.readPressure();

Serial.print("Pressure: ");
Serial.print(pressure);
Serial.println(" kPa");

delay(1000);

Save this program as PressureSensor, then compile and upload it to
the Arduino Nano 33 BLE Sense. You can see the program output in Serial
Monitor, as displayed in Figure 3-17.
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Pressure: 100.04 kPa
Pressure: 100.04 kPa
Pressure: 100.04 kPa
Pressure: 100.04 kPa
Pressure: 100.04 kPa
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Figure 3-17. Program output from PressureSensor
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Digital Microphone

The Arduino Nano 33 BLE Sense board provides a digital microphone.
Refer back to Figure 3-1 to see the microphone position. This digital
microphone is built from MP34DTO06]JTR. To work with a digital
microphone on Arduino Nano 33 BLE Sense, use the PDM library. This
library is installed when you install the Arduino Nano 33 BLE Sense board
with the Arduino software. The PDM library document can be read at
https://www.arduino.cc/en/Reference/PDM. For this demonstration, we
plot the amplitude value from the digital microphone using Serial Plotter.
You can open the Arduino software to start to write a program.

First, include the PDM library. Then declare the sampleBuffer variable
and samplesRead function.

#include <PDM.h>

short sampleBuffer[256];
// number of samples read
volatile int samplesRead;

In the setup() function, initialize serial communication. Pass the
onPDMdata() function to PDM.onReceive(). Then call PDM.begin() to
initialize the PDM library.

void setup() {
Serial.begin(9600);
while (!Serial);

// configure the data receive callback
PDM.onReceive(onPDMdata);

// one channel (mono mode) 16 kHz sample rate
if (!PDM.begin(1, 16000)) {
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Serial.println("Failed to start PDM!");
while (1);
}
}

In the loop() function, check the samplesRead value. If the
samplesRead value is more than 1, we read sensor data from
sampleBuffer[ ]. Then, print the data to the serial terminal.

void loop() {
if (samplesRead) {
for (int i = 0; i < samplesRead; i++) {
Serial.println(sampleBuffer[i]);
}

// clear the read count
samplesRead = 0;
}
}

Implement the onPDMdata() function to read data from the digital
microphone. We check if the data are available using the PDM.available()
function. Then, read the sensor data by calling the PDM.read() function.
This function is used by passing it to the PDM. onReceive() function. We
already called it in the setup() function.

void onPDMdata() {
// query the number of bytes available
int bytesAvailable = PDM.available();

// read into the sample buffer
PDM.read(sampleBuffer, bytesAvailable);

// 16-bit, 2 bytes per sample
samplesRead = bytesAvailable / 2;

101



CHAPTER 3  SENSOR PROGRAMMING

Save this program as PDMSerialPlotter. You can then compile and
upload the program to the Arduino Nano 33 BLE Sense. You can see the
program output on Serial Plotter. If you speak into the digital microphone
from Arduino Nano 33 BLE Sense, you should see a signal graph on Serial
Plotter, as displayed in Figure 3-18.
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Figure 3-18. Plotting amplitude values from a digital
microphone

Digital Proximity, Ambient Light, RGB,
and Gesture Sensor

The Arduino Nano 33 BLE Sense has a special built-in sensor for digital
proximity, ambient light, RGB color, and gesture sensors. These sensors use
an APDS9960 chip, so we can include these sensors into our Sketch program.
In this section, we explore all of the sensors inside the APDS9960 chip.

To work with the APDS9960 sensor chip, we can install the Arduino_
APDS9960 library via Library Manager. Type Arduino_APDS9960 in the
search text box. You should see this library as shown in Figure 3-19. Click
Install to install the library.
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@ Library Manager X

Type Al  Topic Al + Arduino_APDS9960
ke JI — \ 5
by Arduino

A library for the APDS9960 sensor allows to read gestures, color, and proximity on your Arduine Nano 33 BLE Sense board and other boards
with sensor attached via I2C.
More info

Version 1.0.3 ~ Install

Figure 3-19. Installing the Arduino_APDS9960 library

Once the Arduino_APDS9960 library is installed, you can build various
Sketch programs using the sensors from the APDS9960 chip. Detail about
the Arduino_APDS9960 library found at https://www.arduino.cc/en/
Reference/ArduinoAPDS9960.

First, we build Sketch programs with the proximity sensor.

Proximity Sensor

The proximity sensor can be used to check for the existence of an
object. When we put our object next to the APDS9960 chip, we will
obtain a proximity value. This value can range from 0 to 255. For this
demonstration, we build a program to turn on an LED when the proximity
value is between 0 and 50.

Open the Arduino software to create a new program. First, initialize
serial communication in the setup() function, digital mode for output,
and Arduino_APDS9960 by calling the APDS.begin() function.

#include <Arduino_APDS9960.h>
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void setup() {
Serial.begin(115200);
while (!Serial);

pinMode(LED BUILTIN, OUTPUT);

if (!APDS.begin()) {
Serial.println("Error initializing APDS9960 sensor!");
}
}

In the loop() function, check if the proximity value is available using
the APDS.proximityAvailable() function. Next, read sensor data by
calling the APDS. readProximity() function.

void loop() {
if (APDS.proximityAvailable()) {
int proximity = APDS.readProximity();

if(proximity<50){
digitalWrite(LED BUILTIN, HIGH);
telse {
digitalWrite(LED BUILTIN, LOW);

}

// print value to the Serial Monitor
Serial.println(proximity);

}

// wait a bit before reading again
delay(100);
}
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Save this program as ProximitySensor, then compile and upload it to
the Arduino Nano 33 BLE Sense. You can try and put your hand next to the
APDS9960 chip and then look at the proximity value in Serial Monitor. You
can see the program output in Figure 3-20.
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Figure 3-20. Program output from ProximitySensor program

Color Sensor

The APDS9960 chip has a color sensor. We will obtain an RGB value that
consists of a red value, a green value, and a blue value. For this example,
we read color from an object next to the APDS9960 chip.

Start by opening the Arduino software and creating a new program.
Initialize serial communication and the APDS9960 chip by calling the
APDS.begin() function.

#include <Arduino APDS9960.h>

void setup() {
Serial.begin(9600);
while (!Serial);
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if (!APDS.begin()) {
Serial.println("Error initializing APDS9960 sensor.");
}
}

In the loop() function, check if the color sensor data are available
using the APDS. colorAvailable() function. Then, we read the sensor
using APDS.readColor (). You will obtain three values— Red, Green, and
Blue—and print them to the serial terminal.

void loop() {
// check if a color reading is available
while (! APDS.colorAvailable()) {
delay(5);

}
int r, g, b;

// read the color
APDS.readColor(r, g, b);

// print the values
Serial.print("r = ");
Serial.println(r);
Serial.print("g = ");
Serial.println(g);
Serial.print("b = ");
Serial.println(b);
Serial.println();

// wait a bit before reading again
delay(1000);
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Save this program as ColorSensor, then compile and upload it to
the Arduino Nano 33 BLE Sense. You can try to put any color next to the
APDS9960 chip and then view the color sensor value in Serial Monitor.
The program output in Figure 3-21 was obtained from a white object. You
should probably use additional light if you are in a low-lit room.
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Figure 3-21. Program output from ColorSensor

Gesture Sensor

The last sensor from the APDS9960 chip is a gesture sensor. We can
perform four gestures on this chip, in the following directions.

e UP: From USB connector toward antenna.
¢ DOWN: From antenna toward USB connector.

e LEFT: From the analog pins side toward the digital pins
side.

e RIGHT: From the digital pins side toward the analog
pins side.
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In this demo scenario, we develop Sketch program to turn on an
LED when a user performs a gesture in the UP and RIGHT directions.
Otherwise, the LED will be off.

Start by opening the Arduino software and creating a new program.
Initialize serial communication and the APDS9960 chip by calling the
APDS.begin() function.

#include <Arduino_APDS9960.h>

void setup() {
Serial.begin(115200);
while (!Serial);

pinMode(LED BUILTIN, OUTPUT);

if (!'APDS.begin()) {
Serial.println("Error initializing APDS9960 sensor!");

}

Serial.println("Detecting gestures ...");

In the loop() function, check if the gesture sensor data are available
using the APDS.gestureAvailable() function. Then, read the sensor using
APDS.readGesture(). You will obtain four values: GESTURE_UP, GESTURE
DOWN, GESTURE_LEFT, and GESTURE_RIGHT. When you have sensor values for
GESTURE_UP and GESTURE_RIGHT, the LED will turn on. Otherwise, the LED
will be turned off.

void loop() {
if (APDS.gestureAvailable()) {
// a gesture was detected, read and print to serial monitor
int gesture = APDS.readGesture();
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switch (gesture) {
case GESTURE_UP:
Serial.println("Detected UP gesture");
digitalWrite(LED BUILTIN, HIGH);
break;

case GESTURE_DOWN:
Serial.println("Detected DOWN gesture");
digitalWrite(LED BUILTIN, LOW);
break;

case GESTURE LEFT:
Serial.println("Detected LEFT gesture");
digitalWrite(LED BUILTIN, LOW);
break;

case GESTURE_RIGHT:
Serial.println("Detected RIGHT gesture");
digitalWrite(LED BUILTIN, HIGH);
break;

default:
// ignore
break;

Save this program as GestureSensor, the compile and upload it to the
Arduino Nano 33 BLE Sense. You can see the program output in Serial
Monitor.
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You can move your hand or object from the USB connector toward
the antenna (UP direction) or from the digital pins side toward the analog
pins side (RIGHT direction). As a result, you should see a lit LED on the
Arduino Nano 33 BLE Sense. You also can perform a DOWN or LEFT
direction gesture to turn off the LED. The example output in Figure 3-22 is
the result of some gesture directions.
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Figure 3-22. Program output from the GestureSensor program

You can continue to practice developing Sketch programs by applying
the built-in sensors in the Arduino Nano 33 BLE Sense board.

Summary

This chapter covered how to access internal sensors in the Arduino Nano
33 BLE Sense board. We have built Sketch programs to access an IMU, a
pressure sensor, a digital microphone, a humidity and temperature sensor,
and a gesture sensor. We also plotted sensor data using the Serial Plotter
tool and an OLED I2C display.

Next, we turn to working with BLE on the Arduino Nano 33 BLE Sense
board.
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Bluetooth Low Energy

The Arduino Nano 33 BLE Sense board is built from the nRF52840
processor from Nordic. This processor has a Bluetooth and BLE radio
module. In this chapter, we explore how to get started with BLE on the
Arduino Nano 33 BLE Sense. We will build programs to use this BLE
module.

You will learn about the following topics in this chapter:

e Setting up a BLE library on Arduino Nano 33 BLE
Sense.

e Building a simple BLE application.
e Developing an LED control program over BLE.

» Exposing sensor data over the BLE service.

Introduction

The Arduino Nano 33 BLE Sense board is an [oT platform from Arduino.
This board uses a Bluetooth module to connect to a network. Arduino
Nano 33 BLE Sense includes support for BLE radio. BLE technology
enables users to advertise services and allows interactions among BLE
devices such as mobile devices.

© Agus Kurniawan 2021 111
A. Kurniawan, IoT Projects with Arduino Nano 33 BLE Sense,
https://doi.org/ 10.1007/978-1-4842-6458-4_4


https://doi.org/10.1007/978-1-4842-6458-4_4#DOI

CHAPTER 4  BLUETOOTH LOW ENERGY

Each BLE radio can act as a bulletin board or a reader. When it serves
as a bulletin board, we can expose some data for all BLE radios, which are
BLE readers. The BLE specification also provides a notification mechanism
to alert readers when data are changed.

In this chapter, we explore how to work with BLE on the Arduino Nano
33 BLE Sense. Next, we set up a BLE library to work with BLE radio on the
Arduino Nano 33 BLE Sense.

Setting up Bluetooth Low Energy

To work with BLE on the Arduino Nano 33 BLE Sense, you need the
ArduinoBLE library. You can then perform BLE operations such as making
and advertising BLE services. Details of the ArduinoBLE library can be
found at https://www.arduino.cc/en/Reference/ArduinoBLE.

You can open Library Manager from the Sketch menu by selecting
Include Library » Manage Libraries. Once those options are selected, you
will see the screen shown in Figure 4-1.

@ Library Manager X

Type All ~ Topic All * ArduincBLE
ArduinoBLE
by Arduino

Enables BLE connectivity on the Arduino MKR WiFi 1010, Arduino UNO WiFi Rev.2, Arduino Nano 33 IoT, and Arduino Nano 33 BLE.
This library supports creating a BLE peripheral and BLE central mode.
More info

Version 1.1.3 ~ Install
PhysicsLabFirmware
by Arduino

Firmware for the Physics Lab kit. This library depends on the ArduineBLE and MKRIMU libraries.
More info

BeaconNano

by Petruzzella

Create a Beacon from an Arduine Nano Ble This library supports creating a Beacon.
More info

HardwareBLESerial

by Anthony Zhang (Uberi)

An Arduino library for Nordic Semiconductors proprietary UART/ Serial Port Emulation over BLE protocol, using ArduinoBLE. The
interface is largely a drop-in replacement for the SoftwareSerial class, without any of the blocking calls and with additional line-oriented methods

such as peekLine() and readline(). There is also a polling method that must be called regularly to perform various internal housekeeping tasks.
Mere info

Figure 4-1. Adding the ArduinoBLE library
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Type ArduinoBLE in the search text box and press Enter. You should
see the ArduinoBLE library in the resulting form. Select this library and
click Install. Once installation is complete, you can build an Arduino
program to apply BLE radio.

Demo 1: Hello Arduino BLE

In the first demo we will build a Hello World application for BLE radio. We
advertise our BLE with a specific BLE name. If the BLE reader is connected,
we will set it to turn on the LED. When the BLE reader is disconnected, we
will set it to turn off the LED. The next step is to write a program with the
Arduino software.

Writing Sketch Program

We will develop Arduino program to advertise the BLE service and turn on
the LED after the BLE reader is connected. Start by opening the Arduino
software. Create a new program. Next, write codes step-by-step.

First, import the ArduinoBLE library into the program by adding this
code.

#include <ArduinoBLE.h>

In the setup() function, initialize serial communication, the LED, and
BLE radio. Call Serial.begin() to initialize serial communication with
a baud rate value of 115200. Set the LED pin on LED_BUILTIN as OUTPUT
mode. To activate BLE radio on the Arduino Nano 33 BLE Sense, we call
the BLE.begin() function.

void setup() {
Serial.begin(115200);
while (!Serial);

pinMode(LED BUILTIN, OUTPUT);
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// begin initialization

if (!BLE.begin()) {
Serial.println("starting BLE failed!");
while (1);

}

Next, set your BLE radio name by calling BLE. setLocalName(). This
name will be detected on the BLE reader. Set the BLE UUID by calling
the BLE.setAdvertisedServiceUuid() function. BLE UUID represents
a computed 128-bit value. You can generate UUID using the online tool
available at https://www.guidgenerator.com/online-guid-generator.
aspx.

BLE.setLocalName("HelloBLE");
BLE.setAdvertisedServiceUuid("19B10000-E8F2-537E-4F6C-
D104768A1214");

// start advertising

BLE.advertise();

Serial.println("Bluetooth device active, waiting for
connections...");

Make sure your BLE UUID complies with standard BLE SIG. Some
BLE UUIDs are reserved by their services. You can check these services
athttps://www.bluetooth.com/specifications/assigned-numbers/
service-discovery/.

Next, we wait for the incoming BLE reader on the loop() function. We
can call BLE.contral() to wait for BLE readers.

void loop() {
// wait for a BLE central
BLEDevice central = BLE.central();
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After the BLE reader is connected to your BLE radio on the Arduino
Nano 33 BLE Sense, we can obtain the BLEDevice object. Then, turn
on LED by calling digitalWrite() with a passing HIGH value. Then, we
perform infinite looping checking the connection status.

if (central) {
Serial.print("Connected to central: ");
Serial.println(central.address());
digitalWrite(LED BUILTIN, HICH);

while (central.connected()) {
// do nothing

}

If the BLE reader is disconnected, you will obtain a false value
from central.connected(). After that, turn off the LED by calling
digitalWrite() with a passing LOW value.

digitalWrite(LED BUILTIN, LOW);
Serial.print("Disconnected from central: ");
Serial.println(central.address());

}
}

Your program is done. You can save this program as HelloBLE.

Testing Program

Now your Arduino program HelloBLE can be compiled and uploaded
to the Arduino Nano 33 BLE Sense. To test the program, you will need
a mobile phone with an Android or iOS platform. This demo uses an

Android phone.
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First, open Serial Monitor to view the program output from the
HelloBLE program. Next, download the nRF Connect for Mobile
application from the Google Play Store, as shown in Figure 4-2, or Apple
Store.

nRF Connect for

G’ Mobile

RF CONN »
n

About this app

Ratings and reviews

Figure 4-2. nRF Connect for Mobile application in the Google Play
Store

Download and install the nRF Connect for Mobile application for your
mobile platform. After it is installed, you can run this program. You can see
the initial result of running this application on Android in Figure 4-3. The
next step is to connect to the Arduino Nano 33 BLE Sense.
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Figure 4-3. A form of nRF Connect for Mobile application

Tap SCAN on the device to obtain a list of BLE devices. You should see
the HelloBLE service, as highlighted in Figure 4-4. If you don't see it, try
tapping SCAN again.
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Figure 4-4. HelloBLE service is displayed

Next tap CONNECT for HelloBLE, highlighted in Figure 4-4. After
that, you are connected the to Arduino Nano 33 BLE Sense board over
BLE radio. Figure 4-5 shows that this Android phone is connected to the
HelloBLE service from the Arduino Nano 33 BLE Sense.
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Figure 4-5. Connected to HelloBLE service

To disconnect from the HelloBLE service, you can tap
DISCONNECT. That causes the mobile device to close BLE radio
communication. If you already opened Serial Monitor, you will see all
event messages on this tool. You can view program output in Serial
Monitor in Figure 4-6.
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Figure 4-6. Program output in Serial Monitor from HelloBLE

Demo 2: Controlling an LED with BLE

In this demo, we will build an LED controller over BLE radio using the BLE
service to expose the LED service. We can turn the LED on and off LED
using a mobile application. For implementation, we use a program sample
from Arduino, LED. Next, we develop Sketch program.

Writing Program

We will develop an Arduino program to control an LED over BLE radio.
Start by opening the Arduino software to create a new program. Next, we
write the code step-by-step.

First, import the ArduinoBLE library into your program and initialize
the BLE Service with BLERead and BLEWrite characteristics. Define 1ledPin
for LED_BUILTIN. Write the following code.

#include <ArduinoBLE.h>
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BLEService ledService("19B10000-E8F2-537E-4F6C-D104768A1214");
BLEByteCharacteristic switchCharacteristic("19B10001-E8F2-537E-
4F6C-D104768A1214", BLERead | BLEWrite);

const int ledPin = LED BUILTIN;

Next, initialize serial communication and digital OUTPUT mode on the
setup() function. In addition, initialize BLE radio on the Arduino Nano 33
BLE Sense using the BLE.begin() function.

void setup() {
Serial.begin(9600);
while (!Serial);

// set LED pin to output mode
pinMode(ledPin, OUTPUT);

// begin initialization
if (!BLE.begin()) {
Serial.println("starting BLE failed!");

while (1);
}

Next, set the BLE service and characteristics using the
addCharacteristic() function, and then initialize characteristic values by
calling the writeValue() function.

// set advertised local name and service UUID:
BLE.setLocalName("LED");
BLE.setAdvertisedService(ledService);

// add the characteristic to the service
ledService.addCharacteristic(switchCharacteristic);

// add service
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BLE.addService(ledService);

// set the initial value for the characteristic:
switchCharacteristic.writeValue(0);

After you have defined your BLE service, you can start to advertise
using the BLE.advertise() function. Print a message for information that
our BLE is ready for incoming BLE readers.

// start advertising
BLE.advertise();

Serial.println("BLE LED Peripheral");
}

In the loop() function, we wait for BLE readers. Use BLE.central().
If the BLE reader is connected to the Arduino Nano 33 BLE Sense, you will
obtain a BLEDevice object.

void loop() {
BLEDevice central = BLE.central();

After the BLE reader is connected to the Arduino Nano 33 BLE Sense,
print the media access control (MAC) address from the BLE reader. Next,
we perform a loop and wait for input data from the BLE reader using the
value() function

.................................................................................................... 0000000
0000000000000000000000000000000000000000000 from the BLE service
characteristic. If the user sends data with a value greater than 0, the LED
will be turned on; otherwise, it will be turned off.
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if (central) {
Serial.print("Connected to central: ");
// print the central's MAC address:
Serial.println(central.address());

// while the central is still connected to peripheral:
while (central.connected()) {
// if the remote device wrote to the characteristic,
// use the value to control the LED:
if (switchCharacteristic.written()) {
int val = switchCharacteristic.value();
Serial.println(val);
if (val>o) { // any value other than 0
Serial.println("LED on");

digitalWrite(ledPin, HIGH); // will turn the
LED on
} else { // a 0 value
Serial.println(F("LED off"));
digitalWrite(ledPin, LOW); // will turn the
LED off

}
}
}

Finally, print the message to the serial terminal if the BLE reader
disconnects.

Serial.print(F("Disconnected from central: "));
Serial.println(central.address());

}
}

Our program is done. You can save this program as LED.
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Testing Program

Now your Arduino program, LED, can be compiled and uploaded to the
Arduino Nano 33 BLE Sense. To test this program, you need a mobile
phone using the Android or iOS platform. This demo uses an Android
phone.

First, open Serial Monitor to see the output from the LED program.
Now you can open the nRF Connect for Mobile application from your
platform. You should see the BLE service on this application, as shown in
Figure 4-7. Tap CONNECT to connect to the Arduino Nano 33 BLE Sense.

18:26 | 0.2KB/s

= Devices
SCANNER BONDED

No filter

CONNECT §

CONMECT  §

CONMECT

Figure 4-7. LED service shows in nRF Connect for Mobile
application
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After it is connected, you will see the form shown in Figure 4-8. You
can expand the BLE service characteristics. There are two properties:
READ and WRITE.

ta T

ices DISCONNECT  §

BONDED

Figure 4-8. Display showing the BLE service characteristics

Tap WRITE. Next, set a value of 15 to turn on the LED, as illustrated in
Figure 4-9. Tap SEND to send this value. You should see the LED light up
on the Arduino Nano 33 BLE Sense. You also can send a value of 00 to turn
off the LED on the WRITE property, as shown in Figure 4-10.
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Write value

0= 15

Advanced

Figure 4-9. Writing a value of 15 to turn on the LED
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Write value

0x 00

Advanced

Figure 4-10. Writing a value of 00 to turn off the LED

If you have already opened Serial Monitor, you will see the program’s

output events information, as shown in Figure 4-11.
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Figure 4-11. Program output from LED

Demo 3: Sensor Real-Time Monitoring

In this section, we will build a sensor real-time monitoring system over
BLE radio. We will create a BLE service that provides temperature and
humidity sensor data to the BLE reader. You can modify your previous
project, TempHumidity. The BLE reader will be notified if the sensor data
changes.

We will expose sensor data from the HTS221 chip over the BLE service
so the BLE reader can read this sensor data after it is connected to the
Arduino Nano 33 BLE Sense.

The next step is to build a Sketch program to implement the demo.
This example uses an Android mobile phone.
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Writing Program

We need to create a new Arduino program to create a BLE service and
then broadcast the temperature and humidity sensor data to BLE readers.
We will create a BLE service with three characteristics, each of which will
expose temperature and humidity sensors.

To get started, open the Arduino software. First, call the required
libraries.

#include <ArduinoBLE.h>
#include <Arduino HTS221.h>

Next, define the BLE service and three BLE characteristics. You need
a different UUID to apply these features. You must also define three
variables to hold sensor data.

BLEService sensorService("16150f38-e7a9-4fel-ae08-
48464baf25b2");
BLEStringCharacteristic temperatureSensorLevel("ff99948c-18ff-
4ed8-942e-512b9gb24b6da",

BLERead | BLENotify,15);
BLEStringCharacteristic humiditySensorLevel("8084aabb-6cae-
461f-9540-e1a5768de49d",

BLERead | BLENotify,15);

// last sensor data
float oldTemperature = 0;
float oldHumidity = 0;

In the setup() function, initialize serial communication with a baud
rate value of 115200, HTS chip sensor, LED digital pin, and BLE module.

void setup() {
Serial.begin(115200);
while (!Serial);
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if (!HTS.begin()) {
Serial.println("Failed to initialize humidity temperature
sensor!");
while (1);

}

pinMode(LED BUILTIN, OUTPUT);

if (!BLE.begin()) {
Serial.println("starting BLE failed!");
while (1);

}

Next, define the BLE service name and add it to the advertised service.
Then, add all BLE characteristics into the BLE service.

BLE.setLocalName("TempHumidity");
BLE.setAdvertisedService(sensorService);

sensorService.addCharacteristic(temperatureSensorLevel);
sensorService.addCharacteristic(humiditySensorLevel);
BLE.addService(sensorService);

Set the initial default data on all BLE characteristics using the
writeValue() function.

temperatureSensorLevel.writeValue( String(oldTemperature));
humiditySensorLevel.writeValue(String(oldHumidity));

Now we can start to advertise the BLE service by calling the BLE.
advertise() function. BLE readers will recognize this BLE server.

BLE.advertise();
Serial.println("Bluetooth device active, waiting for
connections...");

}
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In the loop() function, we await the incoming BLE reader. Once the
BLE reader is connected, print the MAC address of BLE reader. Then, turn
on the LED.

void loop() {
BLEDevice central = BLE.central();
if (central) {
Serial.print("Connected to central: ");
Serial.println(central.address());
digitalWrite(LED BUILTIN, HIGH);

If the BLE reader is connected, there will be a BLEDevice object.
Perform a loop until the BLE reader is disconnected. Inside the loop, call
the updateTempHumidityLevel () function to update sensor data to the

BLE service.

while (central.connected()) {
//1long currentMillis = millis();
updateTempHumidityLevel ();
delay(300);

}

Turn off the LED after the BLE reader is disconnected.

digitalWrite(LED_BUILTIN, LOW);
Serial.print("Disconnected from central: ");
Serial.println(central.address());
}
}

For implementation of the updateTempHumidityLevel() function, read
the temperature sensor using HTS.readTemperature(). Read the humidity
sensor data using the HTS.readHumidity() function.

void updateTempHumiditylLevel() {
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float temp, hum;

temp = HTS.readTemperature();
hum = HTS.readHumidity();

Send temperature and humidity sensor data to the BLE service
using the writeValue() function, and perform this task for all BLE
characteristics.

if (temp != oldTemperature) {
temperatureSensorLevel.writeValue(String(temp));
oldTemperature = temp;

}
if (hum != oldHumidity) {

humiditySensorLevel.writeValue(String(hum));
oldHumidity = hum;
}

Serial.print(temp);
Serial.print('\t");
Serial.println(hum);

Save this program as TempHumidityBLEService.

Testing

Compile and upload the TempHumidityBLEService program into the
Arduino Nano 33 BLE Sense board. Next, use the nRF Connect for
Mobile application. Tap SCAN to display a list of BLE services in your
environment.
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Figure 4-12 shows the TempHumidity BLE service detected on the
nRF Connect for Mobile application. Tap CONNECT to connect the
TempHumidity BLE service.

31 1.4KB/

Devices

CONMECT

104 ms

CONMECT §

CONMECT

Figure 4-12. Detecting the TempHumidity BLE service

After this is connected, you will see the properties and characteristics
of the TempHumidity BLE service as shown in Figure 4-13.
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DISCONN

ER YEI.IP'ﬂJMIDIT:l' ®

Generic Attribute

Figure 4-13. Connected to the TempHumidity BLE service

You can expand Unknown Service to see the BLE characteristics.
After it is expanded, you will see three BLE characteristics that represent
TempHumidity sensor data, displayed in Figure 4-14.
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CRETERT T

Devices DISCONN

BONDED ADVERTISER ~ TEMPHUMIDITY s

Figure 4-14. Opening BLE characteristics from the TempHumidity
BLE service

Tap the arrow array icon highlighted in Figure 4-14. That will show you
the sensor data from the temperature and humidity sensor. Figure 4-15 shows
these temperature and humidity sensor data from the Arduino Nano 33
BLE Sense. The sensor data are signified by circles in Figure 4-15.
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914 | 0.3KB/S

=  Devices DISCONN

TEMPHUMIDITY 3¢

BONDED ADVERTISER

Figure 4-15. Showing temperature and humidity sensors over the
TempHumidity BLE service

You can continue to practice by creating various BLE services. You also
can build your own mobile application to consume BLE services.

Summary

This chapter explored how to set up a BLE radio on the Arduino Nano
33 BLE Sense board. You also built Arduino programs by applying BLE
radio, starting by developing a hello world application. You also controlled
an LED over BLE radio. Finally, you exposed temperature and humidity
sensors to the BLE reader.

The next chapter covers how to implement embedded artificial
intelligence on the Arduino Nano 33 BLE Sense.
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Embedded Artificial
Intelligence

The Arduino Nano 33 BLE Sense with nRF8240 MCU enables us to perform
artificial intelligence (AI) applications. You can use the TensorFlow Lite
library to implement edge computing. This chapter explores how to get
started with TensorFlow Lite on the Arduino Nano 33 BLE Sense.

You will learn about the following topics in this chapter:

o Setting up the TensorFlow Lite library.
e Developing embedded Al applications.

e Building a gesture classification.

Introduction

The Arduino Nano 33 BLE Sense has support for embedded Al using
TensorFlow. In this chapter, we explore how to get started with the
TensorFlow Lite library on the Arduino Nano 33 BLE Sense. All demos are
run on a Windows 10 machine.
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Setting Up TensorFlow Lite

To work with TensorFlow Lite, you should install it using Library Manager.
Type arduino_tensorflowlite in the search text box. You should find this library
as shown in Figure 5-1. Click Install to install the TensorFlow Lite library.

| @ Library Manager X

Type All ~ Topic All ~ arduino_tensorflowdite
Arduino_TensarFlowlLite &

| by TensorFlow Authors h

Allows you to run machine learning models locally on your device. This library runs TensorFlow machine learning models on
microcontrollers, allowing you to build Al/ML applications powered by deep learning and neural networks. With the included examples, you can

recognize speech, detect people using 2 camera, and recognise "magic wand™ g using an . The work best with the
Arduine Nano 33 BLE Sense board, which has a microphone and accelerometer.
More info

Version 2.1.0-ALPHA-precompiled ~  Install
TensorFlowLite_ESP32

by TensorFlow Authors

Allows you to run machine learning models locally on your ESP32 device. This library runs TensorFlow machine learning models on
microcontrollers, allowing you to build AI/ML applications powered by deep learning and neural networks. With the included examples, you can
recognize speech, detect people using & camera, and recognise “magic wand™ gestures using an accelerometer. The examples work best with the
Arduino Nano 33 BLE Sense board, which has a microphone and accelerometer.

More info

Figure 5-1. Installing the TensorFlow Lite library

Next, you can build TensorFlow Lite applications on the Arduino Nano
33 BLE Sense board.

Demo: Embedded Artificial Intelligence

TensorFlow is a machine learning framework. This library uses a deep
learning algorithm for implementation. Deep learning is a form of
supervised learning extended from neural networks. Machine learning
and deep learning are outside the scope of this book, but you can research
them if you are interested.
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TensorFlow Lite is a light version of the TensorFlow framework.
TensorFlow Lite is designed for small libraries and optimized for
embedded boards. For a simple demonstration, we use a program sample.
You can find program samples from the File menu by selecting Examples
» arduino_tensorflowlite. You should see hello_world. Click this program
sample to obtain the program code shown in Figure 5-2.

hello_world_tensorflowlite - arduino_out.. — O X

File Edit Sketch Tools Help

el
¢include "output handler.h"
#¢include "Arduino.h"
#4include "constants.h"
// The pin of the Arduino's built-in LED
int led = LED BUILTIN;
// Track whether the function has run at least once
bool initialized = false;
// Bnimates a dot across the screen to represent the
void HandleOutput (tflite::ErrorReporter* error_repor
float y value) {

// Do this only once v

4 >

Arduino Nano 32 BLE on COM14

Figure 5-2. A program from hello world and TensorFlow Lite
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Save this program as hello_world_tensorflowlite. After you save the
program, you can check the program folder. You should see some files
inside the program folder. Figure 5-3 shows some files from TensorFlow
Lite program. This program performs prediction for sinusoid forms.

Figure 5-3. A list of files in the hello world TensorFlow Lite
program

Now you can compile and upload this program into the Arduino Nano
33 BLE Sense. The compiling process might take a few minutes because
this program will perform a training and then upload the program into the
Arduino Nano 33 BLE Sense.

After uploading the program, you can open Serial Plotter, where you
should see a graph of sinusoids. Figure 5-4 shows the program output from
hello_world_tensorflowlite.
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coM14 - [m} %

300,04

200,04 = —_

100.0 =

-100z 870w T TITE0R ITTE08 TBEU0E THL

115200 baud | Send No line ending

Figure 5-4. Program output with Serial Plotter from hello world
TensorFlow Lite program

Gesture Classification

In this section, we will build an Al program from scratch using TensorFlow
Lite on the Arduino Nano 33 BLE Sense. This project is modified from
https://github.com/arduino/ArduinoTensorFlowLiteTutorials. Our
scenario is to detect a gesture. For this demo, we want to detect a circle and
line gesture movement as shown in Figure 5-5.
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Circle Gesture Line Gesture

Ground

Figure 5-5. Gesture model forms for circle and line

Circle and line gestures are movement forms in vertical mode as
shown in Figure 5-5. This dataset is generated using the Arduino Nano
BLE Sense with IMU sensor. For the training process, we use Python to
perform machine learning computation with TensorFlow. You should
install Python and some required libraries on your computer to perform
the training dataset with TensorFlow.

To implement this project, you need to perform the following steps.

e Gathering a dataset.
e Building the model.
o Developing a classifier.

e Testing.
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Gathering a Dataset

We use the Arduino Nano 33 BLE Sense to generate a dataset. Use the IMU
sensor to capture acceleration and gyroscope from your gesture. In this
project, we use a sample set of about 119 data values.

Open the Arduino software and create a new application. First, include
the Arduino_LSM9DSI1 library. Define the sample data size as 119 and
define an acceleration threshold around 2.5.

#include <Arduino_LSM9DS1.h>

const float accelerationThreshold = 2.5; // threshold
const int numSamples = 119;

int samplesRead = numSamples;

In the setup() function, initialize serial communication and the IMU
sensor by calling the IMU.begin() function. Print a data header on the
serial terminal.

void setup() {
Serial.begin(9600);
while (!Serial);

if (!IMU.begin()) {
Serial.println("Failed to initialize IMU!");
while (1);
}
// print the header
Serial.println("aX,aY,az,gX,gY,gZ");
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In the loop() function, check the data length for samplesRead and
numSamples. If they have the same size, we calculate the sum of the
sensor data from acceleration including setting the absolute value. Read
acceleration sensor data using the IMU.readAcceleration() function.

void loop() {
float aX, aY, aZ, gX, gY, gZ;

// wait for significant motion
while (samplesRead == numSamples) {
if (IMU.accelerationAvailable()) {
// read the acceleration data
IMU.readAcceleration(aX, aY, aZ);

// sum up the absolutes
float aSum = fabs(aX) + fabs(aY) + fabs(az);

// check if it's above the threshold
if (aSum »>= accelerationThreshold) {
// reset the sample read count
samplesRead = 0;
break;

}
}
}

If samplesRead size is below 119, proceed to read the data from the
IMU sensor. Then, print them to the serial terminal.

while (samplesRead < numSamples) {
// check if both new acceleration and gyroscope data are
// available
if (IMU.accelerationAvailable() && IMU.
gyroscopeAvailable()) {
// read the acceleration and gyroscope data
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IMU.readAcceleration(aX, aY, aZ);
IMU.readGyroscope(gX, gY, gZ);

samplesRead++;

// print the data in CSV format
Serial.print(aX, 3);
Serial.print(',");
Serial.print(ay, 3);
Serial.print(',");
Serial.print(az, 3);
Serial.print(',");
Serial.print(gX, 3);
Serial.print(',");
Serial.print(gy, 3);
Serial.print(',");
Serial.print(gz, 3);
Serial.println();

if (samplesRead == numSamples) {
// add an empty line if it's the last sample
Serial.println();
}
}
}
}

Save this program as IMU_GetData, then compile and upload it into
the Arduino Nano 33 BLE Sense. To test our program to generate a dataset,
perform the following tasks.

e Pressthe Reset button on the Arduino Nano 33 BLE
Sense board.

e Open Serial Monitor.
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e Hold the board with your hand.

¢ Make a movement like the vertical circle shown in
Figure 5-5.

e Generate these data for at least 10 samples.

e Each sample data (119 data points) is separated by
Carriage Return, Line Feed (CRLF).

Figure 5-6 shows a result of the generated data set after the vertical
circle gesture is performed. Copy and paste these data to a text editor such
as Notepad in Windows.

© comi14 - [m} %
| Send
0.117,-0.068,0.987,-2.441,3.479,-3.845 ~
0.107,-0.067,0.986,-3.174,4.089,-4.456
0.096,-0.068,0.979,-3.662,4.272,-4.883
0.091,-0.080,0.970,-3.418,3.540,-4.517
0.094,-0.084,0.967,-3.235,2.441,-3.723
0.100,-0.076,0.972,-3.296,1.282,-3.052
0.110,-0.066,0,979,-3,418,0.610,-2.563
0.120,-0.056,0.987,-3.784,0.305,-2.319
0.120,-0.056,0.990,-4.150,0.977,-2.197
0.120,-0.055,0.991,-3.845,1.892,-2.258
0.114,-0.054,0.986,-3.052, 3.296,-2.502
0.101,-0.057,0.979,-2.136, 4.395,-2.808
3
[ Autoscroll [_]Show timestamp Newline ~ 115200 baud ~ Clear output

Figure 5-6. Sensor data after the circle gesture is performed

For the dataset in Figure 5-7, 31 data samples have been generated.
Save these data as circle.csv. Perform a similar task for the vertical line
gesture (see Figure 5-5). Copy and paste the result of generating the line
gesture to a text editor. Save the file as line.csv.

You now have two datasets, circle.csv and line.csv. You will use those
files for training in deep learning computation using TensorFlow.
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| *circle.csv - Notepad = a X
File Edit Format View Help
aX,aY,aZ,gX,gY,gZ e
-9.460,0.896,1.206,71.899,-58.,167,-91.369
-0.446,0.901,1.256,67.505,-63.354,-108.398
-9.440,0.875,1.281,62.988, -67.688, -123.474
-9.395,0.814,1.303,59.570, -69.946, -140. 381
-9.327,0.747,1.354,54.199, -71.533, -156.616
-9.268,0.712,1.417,43.884, -72.449, -168.762
-0.189,0.675,1.489,30.273,-71.899,-179.138
-0.089,0.619,1.539,15.381,-67.810, -188.416
-9.025,0.574,1.565,0.427,-60.242, -196.167
0.033,0.509,1.547,-10.559,-51.270, -203.369
0.102,0.406,1.494,-17.517,-43.762,-211.853
9.190,0.294,1.448, -25.574,-39.063, -215.820
0.271,0.194,1.417,-36.499,-37.170, -211.548
e
-]

.363,0.088,1.407,-45.715, -36.499, - 204. 346
AQGE .46 6417 1 A3IE _E2 A& -32IA CBAA 108 3ICA ¥
Ln 2402, Col 1 100%  Windows [CRLF) UTF-8

Figure 5-7. Storing sensor dataset to a CSV file

Building the Model

In this section, we build a model in a computer. Performing a heavy
machine learning task on an embedded board is difficult because
hardware resources are limited. We therefore implement deep learning
computation on a computer.

First, your computer should have Python installed. This demo uses
Python version 3.8.x. You can download and install Python for your
platform from https://www.python.org/downloads/. For Windows, make
sure you checked that it is installed on PATH so the Windows command
prompt can recognize the Python commands. For Linux, you should install
Python pip with own platform. For instance, you can install pip in Ubuntu
using this command.

$ sudo apt install python3-pip

After Python is installed, you can open terminal or Windows command
prompts and type this command.
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$ python --version
$ pip --version

You should see Python and the pip version on your terminal.

Next, install Python libraries such as Pandas and Numpy. You should
also install Jupyter Notebook for the Python editor. To learn more about
Jupyter Notebook, visit the official website at https://jupyter.org/.
You can install all required libraries using the pip command. Type these

commands.

$ pip install pandas numpy matplotlib
$ pip install notebook

You also should install TensorFlow for Python on your computer. To do
so, you can type this command.

$ pip install tensorflow

This installation process takes a few minutes to complete. If you have
errors regarding a C++ compiler, you should install GCC on Linux/macOS
or Visual C++ on Windows.

Now you can navigate to any working folder where the circle.csv and
line.csv files are located. Then, run your Jupyter Notebook by typing this
command.

$ jupyter notebook

You should then see a browser open. You can then create a new
application and create a Python program inside this notebook. A complete
program can be found in the source codes for this book. Find the file
Gesture Training.ipynb. Put this file inside your working folder. After
opening it, you should have a form like the one shown in Figure 5-8.

148


https://jupyter.org/

CHAPTER 5 EMBEDDED ARTIFICIAL INTELLIGENCE

@ Gesture Training

— Jupyter Gesture Training Last Checkpoint 2 hours ago (unsaved changes) l' Logout
File Edit View Ingedt Cell Kemel Widgets Help Rot Trusted Python3 O
5 + x & B 4+ % HRin B C M Code v 2

df = pd.read_csv(filename,header-g)

index - range(l, len{df['ax']) + 1)

fplt.rcParos

plt.plot{index,
plt.plot{index,
plt.plot{ind
plt.title("a
plt.xlabel("
plt.ylabel( Acceleration
plt.legend()

plt. show

'], "g.', label='x', linestyle='solid’, marker=',")
» marker=",")
marker=",")

plt.plot(index, df[‘gk'], 'g.', label="x", linestyle«'s
plt.plot(index, of['gV'], 'b.’, label='y’, linestyle='s .
plt.plot(index, df['gZ'], 'r.’, label="z', linestyle="solid’,
plt.title("Gyroscope”™)
plt.xlabel("Sample #7)

» marker=",")
marker=",")
marker=",")

plt.ylabel("Gyroscope (deg/sec)”)
plt.legend()
plt.show()

Acceleration

Figure 5-8. Jupyter Notebook runs a Python program

Now, let’s explain this program. First, load all required libraries on
Python.

import matplotlib
%matplotlib inline

import matplotlib.pyplot as plt
import numpy as np
import pandas as pd

import tensorflow as tf
print(f"TensorFlow version = {tf._version_ }\n")

Next, plot the dataset. For instance, open the circle.csv file And use
the Matplotlib library to visualize the data. You should read the Matplotlib
documentation at https://matplotlib.org/3.3.1/contents.html.
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filename = "circle.csv"

df = pd.read csv(filename,header=0)

index = range(1, len(df['aX']) + 1)
#plt.rcParams["figure.figsize"] = (20,10)

plt.plot(index, df['aX'], 'g.', label="x', linestyle='solid',
marker=","

plt.plot(index, df['aY'], 'b.", label="y', linestyle="solid',
marker=","

plt.plot(index, df['az'], 'r.', label="z', linestyle="solid',
marker=","

plt.title("Acceleration")

plt.xlabel("Sample #")

plt.ylabel("Acceleration (G)")

plt.legend()

plt.show()

plt.plot(index, df['gX'], 'g.', label="x"', linestyle='solid',
marker=","

plt.plot(index, df['gY'], 'b.', label="y', linestyle="solid',
marker=","

plt.plot(index, df['gZ'], 'r.', label="z', linestyle='solid',
marker=","

plt.title("Gyroscope")

plt.xlabel("Sample #")

plt.ylabel("Gyroscope (deg/sec)")

plt.legend()

plt.show()

After running these scripts on Jupyter Notebook, you should see
a graph of the circle.csv file as shown in Figure 5-9. If you change the
filename value to line.csv, you will see a graph of line.csv, as shown in
Figure 5-10.
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Acceleration Gyroscope

Acceleration (G)
e
wn

o 500 1000 1500 2000 32500 3000 300 o 500 1000 1500 2000 2500 3000 3500
Sample & Sample 8

Figure 5-9. Plotting dataset for the circle gesture

Acceleration Gyroscope

Acceleration (G)

Gyroscope (degisec)

Figure 5-10. Plotting dataset for the line gesture

After that, read all of the data from the circle.csv and line.csv files. Then
split the dataset for training and testing. To build a model, use TensorFlow
and Keras (https://keras.io/). You can see the following Tensor
architecture for your project.

# build the model and train it

model = tf.keras.Sequential()
model.add(tf.keras.layers.Dense(50, activation="relu')) # relu
is used for performance

model.add(tf.keras.layers.Dense(15, activation="relu"))
model.add(tf.keras.layers.Dense(NUM GESTURES,
activation="softmax')) # softmax is used, because we only
expect one gesture to occur per input
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model.compile(optimizer="rmsprop', loss="mse', metrics=['mae'])
history = model.fit(inputs train, outputs train, epochs=600,
batch size=1, validation data=(inputs validate, outputs_
validate))

These scripts take a few minutes to complete the training phase. Set
the epochs value to 600.

Next, you need to save your model into a file. Store the model in a
TensorFlow Lite form.

converter = tf.lite.TFLiteConverter.from_keras model(model)
tflite model = converter.convert()

# Save the model to disk
open("gesture model.tflite", "wb").write(tflite model)

import os
basic_model size = os.path.getsize("gesture model.tflite")
print("Model is %d bytes" % basic_model size)

These scripts generate a model file called gesture_model.tflite. You can
check it in the working folder. Next, convert the content of gesture_model.
tflite to a model.h file. Technically, you will convert a binary file to a hex
string. For Linux/macQOS, you can run these scripts.

# linux / mac
lecho "const unsigned char model[] = {" > model.h

lcat gesture model.tflite | xxd -i >> model.h
lecho "};" >> model.h
import os

model h size = os.path.getsize("model.h")

print(f"Header file, model.h, is {model h size:,} bytes.")
print("\nOpen the side panel (refresh if needed). Double click
model.h to download the file.")
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If you have a problem for xxd, you should install it. For Debian/
Ubuntu, you can install it using these commands.

$ sudo apt update
$ sudo apt install xxd

Because Windows does not have an xxd application, we can use xxd
from the Vim application. Download and install Vim for Windows from
https://www.vim.org/download.php. After it is installed, you can copy
xxd.exe to a working folder. You should also change the cat command to a
type command in Windows. You can run these scripts.

# windows

lecho const unsigned char model[] = { > model.h

Itype gesture model.tflite | xxd.exe -i >> model.h
lecho }; >> model.h

import os

model h size = os.path.getsize("model.h")

print(f"Header file, model.h, is {model h size:,} bytes.")
print("\nOpen the side panel (refresh if needed). Double click
model.h to download the file.")

Now you have a model.h file, which you can use for an Arduino Sketch
program. Figure 5-11 shows the content of the model.h file.
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%) File Edit Selection View Go Run Terminal Help modelh - python - Visual Studio Code - a x
EXPLORER o XY Welcome C modelh X B m -
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i
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Figure 5-11. Content of model.h file

Developing a Classifier

In this section, we will build an Arduino Sketch program to detect a circle
and line gestures. You can create a new program using Arduino. Save this
program as IMU_Classifier. Next, put model.h from our model into this
program folder.

For this demonstration, we modify the IMU_Classifier codes program
athttps://github.com/arduino/ArduinoTensorFlowlLiteTutorials. Set
the gesture models for circle and line.

// array to map gesture index to a name
const char* GESTURES[] = {

"circle",

"line"

};

154


https://github.com/arduino/ArduinoTensorFlowLiteTutorials

CHAPTER 5 EMBEDDED ARTIFICIAL INTELLIGENCE

Save this program. Make sure that your model, the model.h file, is
already in this program folder. Compile and upload the program to the
Arduino Nano 33 BLE Sense. It takes a few minutes to complete this task.

Testing

After you have uploaded the program, you can test it. Open Serial Monitor,
then make a vertical circle gesture. You can see in Figure 5-12 that the
confidence value for the circle is higher than the confidence level for a line
gesture.

coM14 - [m} X

circle: 0.999087 x
line: 0.000913

circle: 0.997067
line: 0.002933

circle: 0.999400
line: 0.000600

circle: 0.999905
line: 0.000094

< >
Auhascmll Dshaw timestamp Newline ~ 115200 baud ~ Clear output

Figure 5-12. Program output after performing a circle gesture
Next, you can try to make a vertical line gesture. You can then see

from Figure 5-13 that the confidence level for a line is higher than the
confidence level for a circle gesture.
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coM14 - [m} %

circle: 0.021244
line: 0.978756

circle: 0.021266
line: 0.978734

circle: 0.021244
line: 0.978756

circle: 0.021244
line: 0.978756

]
< >

Auhascmll |:|Shaw timestamp Newline ~ 115200 baud ~ Clear output

Figure 5-13. Program output after performing a line gesture

If you make random gestures, check to see what the confidence
level values for circles and lines are. You can continue your practice by
developing some Al programs with TensorFlow Lite and the Arduino Nano
33 BLE Sense.

Summary

This chapter addressed how to explore TensorFlow Lite on the Arduino
Nano 33 BLE Sense. We ran a program sample for hello world, and then
we created our own gesture classification with the TensorFlow Lite library
on the Arduino Nano 33 BLE Sense and with Python TensorFlow on a
computer.
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