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What is Arduino:

« Arduino is an open-source electronics platform based on easy-
to-use hardware and software
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Why Arduino in the course?

« Easy to get stated!

Many examples available

Ready made interfaces to sensors

Data communication with a computer is easy
Call C/C++ functions

Easy-to-use for beginners, but flexible enough for advanced
users.

« Can be used for professional applications
— But the Arduino environment hide much details about what's under

the hood.

— The course focus is not microcontroller programming alone, but

the collection of sensor data, processing of sensor data and how
they are used in a system with feedback (control).
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- Smart Home products
- Industrial mesh networks
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" Advanced wearables
- Connected watches
- Advanced personal fitness devices
- Wearables with wireless payment
- Connected Health
- Virtual/Augmented Reality applications
= |nteractive entertainment devices
- Advanced remote controls
- Gaming controller
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nRF52840 Product Brief Version 2.0

Nano 33 BLE Sense

Estimate shipping date, mid August 2019.

This compact and reliable Nano board is built around the NINA B306 module
for BLE and Bluetooth 5 communication; the module is based on Nordic nRF
52840 processor that contains a powerful Cortex M4F and the board has a rich
set of sensors that allow the creation of innovative and highly interactive
designs.

Its architecture, fully compatible with Arduino IDE Online and Offline, has a 9
axis Inertial Measurement Unit (IMU), temperature, pressure, humidity, light,

color and even gestures sensors and a microphone that are managed through
our specialised libraries. Its reduced power consumption, compared to other

same size boards, together with the Nano form factor opens up a wide range
of applications.

This allows the design of wearable devices and gesture based projects that
need to communicate to other devices at a close range. Arduino Nano 33 BLE
Sense is ideal for interactive automation projects thanks to the multiprotocol
BT 5.0 radio.
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We will use Arduino Nano 33 BLE sense

 ARM Cortex M4

* Inertial measurement unit (IMU)
— 3-axis accelerometer
— 3-axis rate gyroscope

« 3-axis magnetometer
 Bluetooth low energy (BLE)
* + many other sensors

PC with
LabVIEW

Small size, low cost, powerful and many sensors!

https://www.arduino.cc/en/Guide/NANO33BLESense



https://www.arduino.cc/en/Guide/NANO33BLESense
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If you get an error or unexpected
behaviour (for instance not able to

Nan O 33 B L E SENse upload sketch), try to press the reset

switch

APDS9960
(Proximity, Light
Colour, Gestuyé)

LSM9DS1 - 9-Axis IMU
(Accelerometer, Gyroscope,
Magnetometer)

HTS221
(Temperature and
Humidity Sensor)

{

nouxxo.c', e -
STER CRNP : Nordic nRF 52840

l. )

R ‘ it Processor with
NINA B306 Bluetooth
module

S R -
LA &} MIMNA e,

Micro-USB
Port

W 0

MP34DT05-A
Microphone

LPS22HB (Pressure
Sensor)

Figure from Arduino Nano 33 BLE Sense Review - What's New and How to Get Started? (circuitdigest.com)


https://circuitdigest.com/microcontroller-projects/arduino-nano-33-ble-sense-board-review-and-getting-started-guide
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ARM® Cortex®-M

Y The criteria of selecting a
System capability & ’ a m:’;g H I H I
e o Becan| et microcontroller device are mostly
Cortan 83 MS mobile OS) .
.cm!s ¥ "gomg;; heavily dependent on the cost and
ortex-Al7 Cortex-
Cortex-A9 Cortex-Al2 H 1
M ol e peripherals available.
] Real Time
Cortex-AS u processors
- Cortex-R7 \ /
Afen':lel;" Cortex-RS ﬁ
s Cortex-Ra - Microcontrollers
- g. Cortex-M7 and deeply
ARM920T™, | v -
ArmoaoT™ | ) An‘n{“m' Cortex-M3 -/ —_—
ARM966™ cg CH(!-MO Cortex-M0+
FJ"' x-M1
ARVE_Zleda (FPGA) Application processors Real-time processors  Microcontroller
[ Classic ARM Processors ] ARM Cortex Processors ] REOCE3SOrS
Design High clock frequency, High clock frequency,  Short pipeline,
Figure 1: ARM processor family Long pipeline, Long to medium ultra low power,
High performance, pipeline length, Deterministic (low
Multimedia support (NEON Deterministic (low interrupt latency)
instruction set extension) interrupt latency)
System Memory Management Unit Memory Protection Memory Protection Unit
features (MMU), Unit (MPU), cache (MPU), Nested Vectored
cache memory, memory, Tightly Interrupt Controller
H . ARM TrustZone® security Coupled Memory (NVIC), Wakeup Interrupt
Su q q eSted read I n q . extension (TCM) Controller (WIC)
Wh|te paper “ARM@ Cortex@-M for Targeted Mobile computing, smart Industrial Microcontrollers,

. » . | | . 1 t markets phones, microcontrollers, Deeply embedded
BeglnnerS ’ partICU ar y SeCt|0n o energy-efficient servers, automotives, systems (e.g. sensors,
2.4 high-end microprocessors Hard disk controllers, ~ MEMS, mixed signal IC),

Baseband modem Internet of Things (loT)

Table 1: Summary of processor characteristics
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ARM® Cortex®-M

« Almost everything can be programmed in high-level language like C

— easy to use

« The consistency of the architecture make it easier to start using a new
Cortex-M processor once you have experience with one of them.

Optional:

See the White paper “ARM®
Cortex®-M for Beginners”
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STM32 MCUs
32-bit Arm® Cortex®*-M

STM32
Solutions

STM32HT Artificial
* 3224 CoreMark Neural Networks
480 MHz Cortex-M7

240 MHz Cortex-M4

High STM32F2 STM32F7 STM32F4 Graphical
398 CoreMark 1082 CoreMark 608 CoreMark User Interface D
Performance 120 MHz Cortex-M3 216 MHz Cortex-M7 180 MHz Cortex-M4

170 MHz Cortex-M4

STM3260 STM3264 @ || STM32
)) 142 CoreMark 550 CoreMark Motor Control
64 MHz Cortex-MO+

STM32F0 STM32F1 SIM32F3  © || stma2
Mainstream 106 CoreMark 117 CoreMark 245 CoreMark a
48 MHz Cortex-MO 72 MHz Cortex-M3 79 MHz Cortes-M4 Connectivity

- STM32L4+ STM32 |
E 409 CoreMark use T',rpe-{:
120 MHz Cortex-M4
STM32L4
Ultra-low- ﬂ:ﬂk qﬁtﬁﬂiu MS;- ?‘Eezml;:k 273 CoreMark STM32Cube I
power 32 MHz Cortex-M0+ 32 MHz Cortex-M3 110 MHz Cortex-M33 80 MHz Cortex-M4 Ecosystem

B4 MHz Cortex-M4

STM32WB @ | STM32
216 CoreMark Community
.\ 32 MHz Cortex-M0+

Wireless STM32WL STM32
161 CoreMark Education
48 MHz Cortex-M4
1 1 ] ] I I
Arm*® Cortex® core -MO | -MO+ M3 -M33 -M7 M4 . b
Legend: @) Optimized for Mixad-signals applcations @ Cortex-MO+ Radio Co-processar “ STM32 MCU wik by ‘,’

https://www.st.com/en/microcontrollers-microprocessors/stm32-32-bit-arm-cortex-mcus.htmi



https://www.st.com/en/microcontrollers-microprocessors/stm32-32-bit-arm-cortex-mcus.html
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Arduino code example

« Take a value in between 0 and 1023 (e.g. 10 bit input from an
ADC) and map it with in the 0 to 100 range:

Int value2 = map(value, 0, 1023, 0, 100);
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Arduino language references

Language Reference

o https://www.arduino.cc/reference/en/

=


https://www.arduino.cc/reference/en/
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Examples for Nano 33 BLE sense In

IDE

Under Files:

Sketchbook
Examples
Close

Save

Save As..

Page Setup
Print

Preferences

Quit

Ctrl+W
Ctrl+5
Ctrl+5Shift+S

Ctrl+Shift+P
Ctrl+P

Ctri+Comma

Ctrl+Q

&
Built-in Examples
01.Basics
02.Digital
03.Analog
04.Communication
05.Control
06.Sensors
07.Display
08.5trings
09.UsSB
10.5tarterKit_BasicKit
11.ArduinolSP

Examples for any board
Adafruit Circuit Playground
Arduino_APDS9960
Arduino_HTS221
Arduino_LPS22HB

v

Arduino_LSM9DS1

] IMU

Bridge
Ethernet
Firmata
LiguidCrystal
sD

Servo
Stepper
Temboo
RETIRED

Examples for Arduino Nano 33 BLE

PDM

Examples from Custom Libraries

¥
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Arduino libraries

o https://www.arduino.cc/en/Guide/Libraries#toc3

In Arduino IDE:

Tools Help
Auto Format Ctrl+T
Archive Sketch
Fix Encoding & Reload

Manage Libraries... Ctrl+Shift+l
Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

WIFi101 / WIiFININA Firmware Updater

Board: "Arduino Mano 33 BLE" >
Port: "COMS (Arduino Nano 33 BLE)" >
Get Board Info

Programmer b
Burn Bootloader


https://www.arduino.cc/en/Guide/Libraries#toc3
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@ Library Manager b4

Type Installed .~ | Topic Al | | Filter your search...

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

Arduino_LPS22HB

by Arduino Version 1.0.0 INSTALLED
Allows you to read the pressure sensor of your Nano 33 BLE Sense.
More info

For IMU (Lab 3-5)

Arduino_LSM9DS51

by Arduino Version 1.1.0 INSTALLED
Allows you to read the accelerometer, magnetometer and gyroscope values from the LSM9D51 IMU on your Arduino Nano 332 BLE Sense.
Maore info

ArduinoBLE FOI’ Iab5

by Arduino Version 1.1.3 INSTALLED

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

More info

Close
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Arduino libraries

This PC » Documents > Arduinoc * libraries »

~ [] Name Date modified Type Size
Arduino_APDS9960 26.07.2020 23:16 File folder
Arduino_ HTS221 26.07.2020 23:17 File folder
Arduino_ LPS22HBE 26.07.2020 23:18 File folder
Arduino_LSMADS1 206.07.2020 23:20 File folder
ArduinoBLE 28.07.2020 23:52 File folder
Ij readme.txt 206.07.2020 20:40 Text Document 1 KE

» This PC » Documents > Arduino » libraries * Arduino_L5M9DS1 > examples »

~  [] Name Date modified Type
SimpleAccelerometer 31.07.2019 17:23 File folder
SimpleGyroscope 31.07.2019 1723 File folder
SimpleMagnetometer 31.07.2019 17:23 File folder
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IMU an magnetometer library for the

Nano 33 BLE sense board

o https://Iwww.arduino.cc/en/Reference/ArduinoLSM9DS1

Arduino LSM9DS3 library

This library allows you to use the Arduino Nano 33 BLE IMU sensor. The IMU is a

LSM9D5], itis a 3-axis accelerometer and 3-axis gyroscope and 3-axis magnetometer; it

is connected to the micrecontreller through 12C on the NANO board. The values

returned are signed floats.

To use this library

#include <Arduinec_LSMSDS1 _h>

The library takes care of the sensor initialisation and sets its values as follows:

- Accelerometer range is set at [-4,+4]g -/+0122 mg
- Gyroscope range is set at [-2000, +2000] dps +/-70 mdps
- Magnetometer range is set at [-400, +400] uT +/-0.014 uT
- Accelerometer Output data rate is fixed at 104 Hz

} 119 Hz set default

- Gyroscope Output data rate is fixed at 104 Hz
- Magnetometer Output data rate is fixed at 20 Hz

Objects

begin()

end()

readAcceleration()
readGyroscope()
accelerationAvailable()
gyroscopefvailable()
accelerationSampleRate()
gyroscopeSampleRate()
readMagneticField()
magneticFieldSampleRate()

magneticFieldAvailable()


https://www.arduino.cc/en/Reference/ArduinoLSM9DS1

Figure 8. Accelerometer and gyroscope digital block diagram

UiO ¢ Department of Physics 0

University of Oslo 0 T

»

o [nterrupt »
L;{E 1 ‘Generator

L SM9DS1 data sheet S | ] )
Lyjg...... LSM9DS1

T > I
iINEMO inertial module: s a DA
—»| LPF2 > XL+ Gyra)
3D accelerometer, 3D gyroscope, 3D magnetometer L R B RC regiers |
Datasheet - production data Gyro | | Gyro Gyro | P N [CFG Registers  |[4—
Applications S ol oot [

. . » Gyro
« Indoor navigation /l’
\’ « Smart user interfaces INT' SEL

\ + Advanced gesture recognition

) . Gaming and virtual eality iIIpU devices LSM9DS1 Digi .
LGA-24L (35X3X 1.0 mm igital interfaces
- Dlsplay!map orientation and bI'OWSiIIg

5.2 Accelerometer and gyroscope SPI bus interface

Descri PtiOl‘l The LSM9DS1 accelerometer and gyroscope SPI is a bus slave. The SPI allows to write
and read the registers of the device.

Features
The LSM9DS1 is a system-in-package featuring a
3D digital linear acceleration sensor, a 3D digital
angular rate sensor, and a 3D digital magnetic

+ 3 acceleration channels, 3 angular rate
channels, 3 magnetic field channels

The Serial Interface connects to applications using 4 wires: CS_A/G, SPC, SDI and
SDO_A/G.

* £2/4/:8/216 g linear aCCEIerlanon full scale sensor. Figure 16. Accelerometer and gyroscope read and write protocol
* +4/£8/+12/+16 gauss magnetic full scale The LSM9DS1 has a linear acceleration full scale
* +245/+500/+2000 dps angular rate full scale of +2g/+4g/+8/+16 g, a magnetic field full scale of CS_AIG— —
« 16-bit data output +4/+8/+12/+16 gauss and an angular rate of
+245/+500/+2000 dps. WA la avawal A ayal —
« SPI/[2C serial interfaces e LSMODSH Ipd 26 seral b A AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
e includes an serial bus !
. . ' sDI T DN
Analog supply voltage 1.9V to 3.6 V interface supporting standard and fast mode — O IS
= “Always-on” eco power mode down to 1.9 mA (100 kHz and 400 kHz) and an SPI serial AD6 ADS AD4 AD3 AD2 AD1 ADD
« Programmable interrupt generators standard interface. SDO_AG O —
* Embedded temperature sensor Magnetic, accelerometer and gyroscope sensing DO7D06 DOS bO4 bO3 bO2 DOT DOO
« Embedded FIFO can be enabled or set in power-down mode
separately for smart power management. i i
« Position and motion detection functions P y p! g Table 21. Accelerometer and gyroscope register address map (continued)
e e e e The LSM9DS1 is available in a plastic land grid Register address
. . Name Type Default Note
Have a look! Without the Arduino Hex | Binary
. @ o CTRL_REGE_XL riw 20 00100000 00000000
library you had to know “all of this” to GrRLREGT XL | ww | 21| 0otoooot | 0000000

CTRL_REGS8 riw 22 00100010 00000100

implement communication with the IMU .

CTRL_REG10 riw 24 00100100 00000000
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Float vs. integer vs. string.

We need to understand the basics:
* Float (double) vs. int.

« Floating point (decimal) numbers
vs. fixed point number

- Digital sensors deliver data as integers (2") !

—_

Assumed
known, or
google! See
also Arduino
cookbook

« If we measure e.g. voltage or rotation rate we need to get a

decimal number before using the data

- 3.14V
— 20.32 deg/sec

In this course we will send sensor data as float values
converted to strings. This is not the most efficient way, but it is

easy to write/read and to debug.
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finclude <Arduino LSM9DS1.h>

Accelerometer void setup() {

Serial .begin(5600) ;

while (!Serial);

eX am p I e Serial.println("Started");

if (!1MU.begin()) {

Serial.println("Failed to initialize IMU!");

This example reads the acceleration while (1);
values from the LSM9DS1 sensor and
Contlnuously prlnts them to the Serlal Serial.print ("Acceleromseter =sample rate = ");

Serial.print(IMU.accelerationSampleRate());

Monitor or Serial Plotter in the IDE Serial.println(" Hz");

Serial.printlin();

Serial.println("Acceleration in G's");

@ sketch_aug05a | Arduino 1.8.13 — O P4 Serial.println{"X\t¥\tza");
File Edit Sketch Toals Help }
Auto Format Ctrl+T
Archive Sketch void loop() {
sketch_aug0s Fix Encoding & Reload float =, v, =;
void setup() anage Libraries Cirl+Shift sl
// put you Serial Monitor Ctrl+Shift+M if (IMU.accelerationbvailakle()) {
serial Plotter SenEel IMU.readhcceleration (x, v, Z);

WIiFi101 / WIiFININA Firmware Updater

a1 0 ) Serial.print (x);
ToLe Leep Board: "Arduino Nano 33 BLE" > ceriol ne (")
/PSR YO pon »COMB (Arduino Nano 33 BLE)" > sertat.printl At s
Serial.print(y);
Get Board Info r
Serial.print('\t");

Sis el ’ Serial.println{z);

Burn Bootloader
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LSMODS1.cpp (source code) — snap shots

#include "LSMSDS1.h"

#define LSMEDSI_RDDRESS 0xéb

#define LSM9DS1 WHO BM I 0x0f

#define LSM9DS1 CTRL REGL G 0x10

tdefine LSMEDSI_STATUS_REG 0x17

#define LSM9DS1 OUT X G 0x18

#define LSM9DS1 CTRL REGE XL 0x20

#¢define LSM9IDS1 CTRL REGS 0x22

#define LSM9DS1 OUT X XL 0x28

writeReqiSter{LSM9DSI_ADDRESS, LSM9DSl_CTRL_REG1_G, Y; // 11% Hz, 2000 dps, 16 Hz BW
writeRegister (LSM%D51 ADDRESS, LSMSDS1 CTRL REG6E XL, y; // 119 Hz, 4G
writeRegister (LSM%DS1 ADDRESS M, LSMSDS1 CTRL REG1 M, Y // Temperature compensation enable, medium performance, 20 Hz
writeRegister (LSM%DS1 ADDRESS M, LSMSDS1 CTRL REGZ M, y; // 4 Gauss
writeRegister (LSM9DS1 ADDRESS M, LSM%DS1 CTRL REG3 M, y: // Continuous conversion mode

int LSMSDS1Class: :readfcceleration(floats x, float& y, floats z)

{
intlé t data[3];

if {!readReqisters{LSMQDSl_ADDRESSIr LSMoDS1 OUT X XL, {uintE_t*}data, sizeof (data))) {
¥ = NAN;
¥y = NAN;
Zz = NAN;

return 0;

}

¥ = datal[0] * / ;
y = data[l] * !/ ;
z = data[Z?] * / ;

return _;
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Interface between Arduino & LabVIEW

« LINX make it easy to interact LINX
with Arduino
— Does not support the Nano 33

- >
% Intro to LINX | LabVIEW MakerHub

LINX »

« We will use standard serial
communication L aBViEW >

— Transmit/receive ASCII data MakerHub
— Transmit/receive binary data

LINX provides easy to use LabVIEW Vs for interacting with
common embedded platforms like Arduino, chipKIT and myRIO.
Use the built in sensor VIs to start getting data to your PC in
seconds or use the peripheral Vls to access your devices digital
I/O, analog 1/0, SPI, 12C, UART, PWM and more.
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Reference > Language > Functions > Communication > Serial = Print
Serial.print()

Description

Prints data to the serial port as human-readable ASCII text. This command can take many forms. Numbers are printed
using an ASCII character for each digit. Floats are similarly printed as ASCII digits, defaulting to two decimal places. Bytes
are sent as a single character. Characters and strings are sent as is. For example-

* Serial.print(78) gives "7/58"

* Serial.print(1.23456) gives "1.23"
e serigl.print('N') gives "N"

* Serial.print("Hello world.™) gives "Hello world.

An optional second parameter specifies the base (format) to use; permitted values are BIN(binary, or base 2),
OCT(octal, or base 8), DEC(decimal, or base 18), HEX(hexadecimal, or base 16). FOr floating point numbers, this
parameter specifies the number of decimal places to use. For example-

e serigl.print(78, BIN) gives "1001110"

* Serial.print(78, ocT) gives "116"

* Serial.print(78, DEC) gives "/8"

e Serigl.print(78, HEX) gives "4
* Serial.print(1.23456, @) gives "1"
* Serial.print(1.23456, 2) gives "1.23"

* Serial.print(1.23456, 4) Zives "1.2345"

https://www.arduino.cc/reference/en/language/functions/communication/serial/print/



https://www.arduino.cc/reference/en/language/functions/communication/serial/print/
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Regional settings

Change decimal symbol to “.”

— Under Additional settings (see next slide for how to navigate there)

Decimal symbol is standard “,

Sometimes decimal

symbol “.” is required!

For instance the Spreadsheet
string to Array function in
LabVIEW is affected!

— Important for lab 3 and 4

¥ Region

Formats  Location

Format:

in Norwgian, but “.

Administrative

Norwegian Bokmal (Norway)

Language preferences

Date and time formats

Short date:
Long date:
Short time:

Long time:

dd.MM.yyyy
dddd d. MMMM yyyy
HH:mm

HH:mm:ss

First day of week:  mandag

Examples

Short date:

Long date:

Short time:

Long time:

23.08.2020

sgndag 23. august 2020
19:35

19:35:23

" in English.

* ¥ Customize Format
Numbers Currency Time Date

Example

Positive; | 123 456 789.00

‘ Negative: | 123 456 789.00

Decimal symbol:

Additional settings...

OK Cance

:
- No. of digits after decimal: 2 ~
- Digit grouping symbol:
o Digit grouping: 123 456 789 ~
~ Negative sign symbol:
Negative number format: =il v
Display leading zeros: 0.7 ~
List separator:
Measuremen it system: Metric ~
Standard digits: 0123456789
i Use native digits: Nev
Click Reset to restore the system default settings for
Apply numbers, currency, time, and date. =t
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Settings

& Settings

2 Home

Date & time

Find a setting

Time & Language

Date & time

A7 Region & language

0 Speech

Adjust for daylight saving time automatically
@ on

Show additional calendars in the taskbar

Don't show additional calendars s

Formats

First day of week:  mandag

Short date: 11.01.2021

Long date: mandag 11. januar 2021
Short time: 22:50

Long time: 22:50:15

Change date and time formats

Related settings

| Additional date, time, & regional settings

Date and Time @

Set the time and date Change the time zone Add clocks for different time zones

Language
Add a language | Change input methods

Region

Change location Change date, time, or number formats

—

* Region

Formats  Location Administrative

Format:

Norwegian Bokma3l (Norway)

Language preferences

Date and time formats

Shaort date:
Long date:
Short time:
Long time:

First day of week:

Examples
Short date:

Long date:
Short time:

Long time:

dd.MM.yyyy

dddd d. MMMM yyyy
HH:mm

HH:mm:ss

mandag

11.01.2021

mandag 11. januar 2021
22:54

22:54:50

Additional settings...

oK Cancel

Apply
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ArduinoBLE library

This library supports all the Arduino boards that have the hardware enabled for BLE and

Bluetooth 4.0 and above; these include Nano 323 BLE, Arduino NANO 33 loT, Uno WiFi BLE class
Rev 2, MKR WiFi 1010. Used to enable the BLE module.
- begin()
To use this library - end()
#include <ArduinoBLE.h> - poll()

- setBEventHandler()

A quick introduction to BLE

- connected()
Bluetooth 4.0 includes both traditional Bluetooth, now labeled "Bluetooth Classic", and - disconnect()
the Bluetooth Low Energy (Bluetooth LE, or BLE). BLE is optimized for low power use at - address()
low data rates, and was designed to operate from simple lithium coin cell batteries. - rssi()
Unlike standard bluetooth communication basically based on an asynchronous serial - setAdvertisedServiceUuid()
connection (UART) a Bluetooth LE radio acts like a community bulletin board. The - setAdvertisedService()
computers that connect to it are like community members that read the bulletin board. - setManufacturerData()

Each radio acts as either the bulletin board or the reader. If your radio is a bulletin board - setLocalName()

(called a peripheral device in Bluetooth LE parlance) it posts data for all radios in the - setDeviceName()

community to read. If your radio is a reader (called a central device in Blueooth LE

- setAppearance()
terms) it reads from any of the bulletin boards (peripheral devices) that have - addService()
information about which it cares. You can also think of peripheral devices as the servers )

- advertise()
in a client-server transaction, because they contain the information that reader radios )

- stopAdvertise()
ask for. Similarly, central devices are the clients of the Bluetooth LE world because they ral)

- centra

read information available from the peripherals.
- setAdvertisinginterval()

https://www.arduino.cc/en/Reference/ArduinoBLE



https://www.arduino.cc/en/Reference/ArduinoBLE
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BLE examples

 https://rootsaid.com/arduino-ble-example/

* https://www.okdo.com/project/get-started-
with-arduino-nano-33-sense/

N
And Nano 33 setup ...


https://rootsaid.com/arduino-ble-example/
https://www.okdo.com/project/get-started-with-arduino-nano-33-sense/
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BLE connection to phones and
computers

To send/receive data or for control.
« Apps for test available for Android and 10S

« ArduinoBLE library does not support pairing (optional security
feature in BLE)

— ArduinoBLE can not connect to Windows 10 operating
system.

— Can use a BLE USB dongle and drivers (see lab 5)

« Can have range/stability issues ...
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Interrupts

https://www.arduino.cc/reference/en/languaqge/functions/external-
Interrupts/attachinterrupt/

Reference = Language > Functions > External interrupts > Attachinterrupt

attachinterrupt()

[External Interrupts]

Description
Digital Pins With Interrupts

The first parameter to attachInterrupt() is an interrupt number. Normally you should use digitalPinToInterrupt(pin)
to translate the actual digital pin to the specific interrupt number. For example, if you connect to pin 3, use
digitalpinToInterrupt(2) as the first parameter to attachInterrupt().

BOARD DIGITAL PINS USABLE FOR INTERRUPTS
Una, Nano, Mini, other 328-based 2,3
Uno WiFi Rev.2, Nano Every all digital pins
Mega, Mega2560, MegaADK 2,3,18,18, 20, 21
Micro, Leonardeo, other 32ud-based 0,1,237
Zero all digital pins, except 4
MKR Family boards 0,1,4,56,7 89, A1, A2
Nano 33 loT 2,3,9,10, 11,13, 15, A5, A7
Mano 33 BLE, Nano 33 BLE Sense all pins
Due all digital pins
101 all digital pins (Only pins 2, 5,7, 8,10, 11, 12, 13 work

with CHANGE)


https://www.arduino.cc/reference/en/language/functions/external-interrupts/attachinterrupt/
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Common protocols for data transmission

« JSON (JavaScript Object Notation) - ASCII (text) based
— name-value pair (key—value pair)
« {x':0.66, 'y :0.59, Z':-0.49}
— See page 136-137 in course book
— Supported in both Arduino and LabVIEW
— Self Descriptive protocol

« BSON (binary protocol - binary version of JSON)

« MQTT (Message Queuing Telemetry Transport)
— Publish subscribe
— Common in loT devices /
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— (More info from page 607 in course book) — —

» Google Protocol buffers (binary protocol) b

What is MOTT? A practical introduction. (opc-router.com)



https://www.opc-router.com/what-is-mqtt/

UiO ¢ Department of Physics

University of Oslo

Nano 33 BLE Sense - Project Hub

https://create.arduino.cc/projecthub/products/nano-33-ble-sense

Wake Word Detection

Arduino Nano 33 Sense | BLE Mini 4WD Arduino Robot Person Detection with
Battery Level Tutorial Controlled by Bluetooth TensorFlow and Arduino


https://create.arduino.cc/projecthub/products/nano-33-ble-sense
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ARM Mbed OS

 Possible to run on Nano 33 BLE sense!
« We will not use it in this course

S O &) https://os.mbed.com/mbed-os/

Overview ¥ Hardware ¥ Code Documentation ¥ Casestudies ¥  Support v

Mbed OS

Arm Mbed OS is a free, open-source embedded operating system designed
specifically for the "things" in the Internet of Things.

It includes all the features you need to develop a connected product based on an
Arm Cortex-M microcontroller, including security, connectivity, an RTOS, and

drivers for sensors and |/O devices.




