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Webinar Logistics

 Turn on your system sound to hear the streaming presentation.

* [f you have technical problems, click “Help” or submit a question
asking for assistance.

« Participate in ‘Attendee Chat’ by maximizing the chat widget in your
dock.
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Visit ‘Lecturer Profile’ in your console for more details.
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Course Kit and Materials Adafruit Parts Pal Kit

Arduino Nano 33 BLE Sense Board Solderless Breadboard

7 Segment LED Display,
https://www.amazon.com/Hiletgo- Common Cathode
Serial-128X64-Display-
Color/dp/BO6XRBY|R8/ref=sr 1 62crid=
1VC2UTZ2P8NWFEFkeywords=i2c%2Bo
led&aid=1700192985&sprefix=12C%2
B%2Caps%2C108&sr=8-6&th=1
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https://www.amazon.com/HiLetgo-Serial-128X64-Display-Color/dp/B06XRBYJR8/ref=sr_1_6?crid=1VC2UTZ2P8NWF&keywords=i2c%2Boled&qid=1700192985&sprefix=I2C%2B%2Caps%2C108&sr=8-6&th=1
https://www.amazon.com/HiLetgo-Serial-128X64-Display-Color/dp/B06XRBYJR8/ref=sr_1_6?crid=1VC2UTZ2P8NWF&keywords=i2c%2Boled&qid=1700192985&sprefix=I2C%2B%2Caps%2C108&sr=8-6&th=1
https://www.amazon.com/HiLetgo-Serial-128X64-Display-Color/dp/B06XRBYJR8/ref=sr_1_6?crid=1VC2UTZ2P8NWF&keywords=i2c%2Boled&qid=1700192985&sprefix=I2C%2B%2Caps%2C108&sr=8-6&th=1
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Continuing
‘ ‘ Education
Center

Agenda:

« Accessing On-board sensors
a) temperature
D) relative humidity
C) microphone
d) gesture sensor
« Logging sensor data
a) Tera Term
p) PUTTY
 Lab: Light Sensor OLED Demonstrator (Bricolage)
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Research Perspective

“The Internet of Things, which has been quietly building and evolving

over the past decade, now impacts many aspects of society.” (Chua &
Storey, 2023).
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Accessing On-board Sensors
Several onboard sensors can be accessed using code on the Arduino

Nano 33 BLE sense board.
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JP2

Ref. | Description Ref. | Description

u1 NINA-B306 Module Bluetooth® Low Energy 5.0 Module U6 MP2322GQH Step Down Converter
u2 LSM2OD51TR Sensor IMU PE1 IT-1185AP1C-160G-GTR Push button
us3 MP34DTO06JTR Mems Microphone H5-1 HTS221 Humidity Sensor

U4 | ATECC608A Crypto chip DL1 |LedlL

Ref. | Description Ref. | Description

U5 APDS-9660 Ambient Module DL2 Led Power
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Accessing On-board Sensors. ..

e These sensors can be accessed using the inter-integrated circuit (12C)
protocol.

« The I2C protocol allows multiple peripheral digital integrated circuits
(ICs) to communicate with one or more controller ICs.

« The IC2 is only intended for short-distance communications with a
single device.

« The IC2 requires two signal wires to exchange data.

« Communication digital circuits are labeled as Controller and Peripheral.

« The terms Master and Slave have been replaced with Controller and
Peripheral.

« |2C can support up to 1008 peripheral devices.

Source;

https://learn.sparkfun.com/tutorials/i2¢/all
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Question 1

The abbreviation of I12C stands for |
a) intra-integrated circuit ol 8
b) enter-integrated circuit
c) intered-integrated circuit
d) inter-integrated circuit
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Accessing On-board Sensors

SDA is the Serial Data Line.

SCL is the Serial Clock Line. The
SCL is used to synchronize all
data transfers over the 12C bus.

Source;

Wiring configuration for I2C circuits

Controller 1

SDA

SCL

- SDA

rSCL

Peripheral 1

Controller 2

SDA

SCL

https://learn.sparkfun.com/tutorials/i2¢/all
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- SDA

SCL

Peripheral 2

Diagram
courtesy of
Sparkfun
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LIBRARY MANAGER

Arduino_HTS

Installing the Type: [Al
Arduino_HTS221 Topic: (AN V]
Temperature
Sensor Library.

CI ICk on Arduino_HTS221

ArduinoDMX by Arduino More Info - cnne | (amnes | R oot

Control DMX lights with your t a kes yo u HTS221 Library for Arduino
O34

Ar'dui no. Usi r'|g RS485 5hie|d5‘ . per1234 Merge pull request from arduino-libraries/dependabot/github_actio... -
like the MKR 485 Shield. This... here .

docs

examples

|1_0.1 V|

SIC

.codespellrc

LICENSE txt

README.adoc Releases

keywords.txt

Arduino HTS221 by

| A \ |Ij uino library.properties

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

11
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Accessing On-board Sensors. ..

1 #include <Wire.h>
setup() {
Serial.begin(115200);
Wire.begin();
Serial.println("\nI2C Scanner");
¥
1I2C Test Code loop() {

Upload the code to the byte error, address;

. nDevices;
Arduino Nano 33 BLE nDevices - 03
Sense Board. ’Fu:::ur-gaddlt‘es; = 1; addr‘gss <d32?; address++) {

. . Wire.beginTransmission(: S ) 5
The code will display the crron < ire.erdransnicsion():
address of the connected if (error == 0) {
: Serial.print("I2C device found at address @x");

12C device on the bus.  (addvese < 10)

Serial.print("e"});
Serial.println(address, HEX);
nDevices++;

1

J
1
J
delay(5000);

¥

12
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Accessing On-board Sensors. ..

|12C Test Circuit
Arduino Nano
33 BLE Sense —_—
SDA(A4) O/O = |12C OLED
SCL(A5) = Display

13
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: . Accessing On-board Sensors. ..
Switch wired I2C oot Creus
between A4 est Ircuit
and SDA

The slide switch is wired
between A4(Arduino Nano 33

BLE Sense) and SDA (12C OLED)
pins.

Information Classification: General
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Accessing On-board Sensors. ..

i2c_internalsensor.ino
wire.pegingj;
Serial.println("\nI2C Scanner™);

NSRS }
Testing i2C_internalsensor Toop() {

(:C)(j(} byte err?r, address;
nDevices;

nDevices = 0;
for(address = 1; address < 127; address++) {
Wire.beginTransmission(address);
error = Wire.endTransmission();
it (error == 8) {
Serial.print("I2C device found at address @x");
if (address < 16)

Carinal nrintf "GN

Output  Serial Monitor X

device address
. di i dd
Line SDA closed [> dovice Somd 2 addcan

device address

New Line "‘QGDDbaud

device address

Ln 1, Col 1 Arduino Nano 33 BLE on COM5 2, B

Information Classification: General
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Question 2

In reviewing slide 15, what is the address for the I12C
OLED? |
a) Ox2c —
b) Oxbc
c) O0x4c
d) Ox3c

16
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Accessing On-board Sensors...

Temperature Humidity Sensor.ino

1 #include <Arduino HTS221.h>

setup() {
Temperature and Serial.begin(115200);

Humidity Sensor Code while (Iserial);
if (IHTS.begin()) {
serial.println(“Failed to initialize humidity temperature sensor!™);
while (1);
}
}

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

humidity HTS. readHumidity();
Serial.print("Temperature = ");
Serial.print(temperature);
Serial.println(" °C");
Serial.print("Humidity = ");
Serial.print(humidity);
Serial.println(" %");
Serial.println();
delay(1000);

Image courtesy of
STMicro

Information Classification: General
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Accessing On-board Sensors...

U pload the Temperature_Humidity_Sensor.ino

1  #include <Arduino HTS221.h>

Temperature_Humidity setup() {
Sensor code to the Serial.begin(115200);

) while (lSerial);
Arduino Nano 33 BLE if (IHTS.begin()) {
Sense board Serial.println("Failed to initialize humidity temperature sensor!”);
while (1);
h
h

Loop() {
temperature = HTS.readTemperature();

humidity HTS. readHumidity();
Serial.print("Temperature = ");

Serial Monitor x ¥ @

New Line "‘QGDDbaud

Output Results: s
Readings from .

emperature
Onboard I:> Bumidity
Sensors

Information Classification: General Ln1,Col 1 Arduino Nano 33BLEoncCOMs 0 B




Continuing
‘ E‘ Education
Center

Onboard Digital
Microphone Code

Accessing On-board Sensors...

Upload the Microphone Code to the Arduino Nano 33 BLE
Sense board

1 #include <PDM.h>

1
sampleBuffer[256]; oop() {

if (samplesRead) {

for ( 1 =0; 1 < samplesRead; i++) {
samplesRead; Serial.println(sampleBuffer[i]);
delay(50);

setup() { }

Serial.begin(9600); samplesRead = ©;

while (!Serial);
PDM.onReceive(onPDMdata); onPDMdata() {

if (1PDM.begin(1l, 16000)) { bytesAvailable = PDM.available();
Serial.println("Failed to start PDMI");
while (1);

} samplesRead = bytesAvailable / 2;

¥ }

Information Classification: General

PDM.read(sampleBuffer, bytesAvailable);
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OnbOard Digital Interpolate .
Microphone Data

Serial Plotter

New Line 9600 baud
¥y @O =
New Line ¥ || 9600 baud v

Image courtesy of

STMicro . .
Serial Monitor

Information Classification: General

Ln 18, Col 1 Arduino Nano 33 BLEon cOM5 (22 B
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LIBRARY MANAGER

Arduino_APDS

Type:  [All
Topic:  [All

Arduino APDS9960 by
Arduino

A library for the APDS-9960 sensor
allows reading gestures, color, and
proximity on your Arduino Nano 3...

Information Classification: General

Accessing On-board Sensors...

Onboard Gesture Sensor

Click on More Info takes
you here

Arduino_APDS9960

master v £1

5

About

A library for the APDS9960 sensor, allows
you to read gestures, color, and proximity
on your Arduino Nano 33 BLE Sense
board and other boards with sensor
attached via 12C.

Watch 18 ~

Go to file Add file ~ <> Code ~

g8 dependabot{bot] Bump actions/checkout from 3 to 4 (#21) . 8o

.github

docs
examples

src
.codespellrc
LICENSE.txt
README.adoc
keywords.txt

library.properties

Fork 21

About

A library for the APDS9960 sensor, allows
you to read gestures, color, and proximity
on your Arduino Nano 33 BLE Sense
board and other boards with sensor
attached via 12C.

Releases 1
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Question 3

In reviewing slide 21, clicking the More Info button on —
the library module box takes you to a '
a) website 7
b) an interactive website
c) Github page
d) webpage

22
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Accessing On-board Sensors. ..

Onboard Gesture Sensor

LIBRARY MANAGER
Arduino APDS Arduino_APDS9960 Watch 18 - Fork 21 Str 23
Type: | All master - F1 o5 Gotofile  Addfile~ [ <> Code ~ | About
TDpic: | All . ) A library for the APDS9960 sensor, alllov!ls
. g dependabot[bot] Bump actions/checkout from 3 to 4 (#31) = FOL: 11} you to read gestures, color, and proximity
Cl ICk O n M O re I nfo ta keS on your Arduino Nano 33 BLE Sense
. github board and other boards with sensor
Arduino_APDS996 you here e attached via 12C.

Arduino
examples

sIc

A library for the APDS-9960 sensor
allows reading gestures, color, and
proximity on your Arduino Nano 3...

.codespellrc
LICENSE txt
README.adoc

keywords.txt

library properties

Releases 1

‘ 104 v‘ REMOVE

23
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Accessing On-board Sensors. ..

1 #include <Arduino APDS9960.h> Onboard Gesture Sensor
setup() {
Serial.begin(115200); case GESTURE_RIGHT:
while (Iserial); serial.println(“Detected RIGHT gesture”);
pinMode(LED_BUILTIN, OUTPUT); digitalWrite(LED BUILTIN, HIGH);
if (1APDS.begin()) { break;
Serial.println("Error initializing APDS9960 sensor!™); default:

}

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

loop() {
if (APDS.gestureAvailable()) {

gesture = APDS.readGesture();
switch (gesture) {

case GESTURE_UP: Upload the Gesture
Serial.println("Detected UP gesture™); SenSOr COde tO the

digitalWrite(LED BUILTIN, HIGH);

break; ArdUinO NanO 33 BLE
case GESTURE DOWN: Sense board

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

case GESTURE_LEFT:
Serial.println("Detected LEFT gesture™);
digitalwrite(LED BUILTIN, LOW);
break;

Image courtesy of
Mouser Electronics
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Accessing On-board Sensors

Onboard Gesture Sensor

Senal Monitor

Detected DOWN gesture
Detected DOWN gesture

Detected UP gesture
Detected DOWN gesture
Detected DOWN gesture

25
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Logging Sensor Data

« Using a terminal emulator (communication software), sensor data can SFFTReTT
be viewed and logged.
« Two common terminal emulators used to log data are:
a) Tera Term
D) PUTTY

Tera Term PUutTTyY

Image courtesy of Tera Term I
Download page:

https://download.cnet.co
m/tera-term/3000-
2094 4-75766675.html|

Image courtesy of PUTTY

Download page:

https://www.chiark.greenend.org
Uk/~sgtatham/putty/latest.htm|

26
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https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html
https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html
https://download.cnet.com/tera-term/3000-2094_4-75766675.html
https://download.cnet.com/tera-term/3000-2094_4-75766675.html
https://download.cnet.com/tera-term/3000-2094_4-75766675.html

Continuing
Education

Center

Logging Sensor Data...

Setting Up PuTTY

B

Category:

—|-Session Basic options for your PuTTY session
. i Logging
—- Terminal

- Keyboard Serial line Speed
- Bell COM5 9600
- Features
—|-Window

- Appearance ()ssH  ©sSeral () Other  Telnet w
- Behaviour

- Translation Load, save or delete a stored session

+-Selection
.. Colours
—|-Connection
- Data Default Settings Load
- Proxy

+-SSH Save
- Serial

- Telnet Delete
- Rlogin

- SUPDUP

Specify the destination youwant to connect to

Connection type:

Saved Sessions

Close window on exit:

(O Aways () Never © Only on clean exit

About Open Cancel
Informauon L 1asslIlCalloll. seneral
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Logging Sensor Data...
‘Saving data - Log file saved by Clicking the OK button

iR Y
Category:
T--Session Options controlling session logging
—- Terminal Session logging: .
- Keyboard (_)Mone ) Printable output
- Bell © All session output () S5H packets
Features () SSH packets and raw data
—-Window L- i _
- Appearance ogfhie name:
- Behaviour sensor_data.csv Browse ..
;rellnslgltlon (Log file name can contain &Y, &M, &D for date, &T for time,
T--Celecmn &H for host name, and &P for port number)
- Colours
= Connection ‘:nf"_.f“hatto do ifthe qu ﬁle already exists:
- Data () Always overwrite it
() Always append to the end of it
+g:;|jy © Ask the user every time Are you sure you want to close this session?
- Serial B Flush log file frequently
- Telnet & Include header
- Rlogin
- SUPDUP Options specific to SSH packet logging Cancel
Omit known password fields
[ ] Omit session data
About Open Cancel
(% 4

28
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Logging Sensor Data...
Setting Up Tera Term

O TCPHP 192.168.7.244
History
[elnet
SSH SSH2
Other

O Serial Port: COMbS: USB Serial Device (COMS)

OK Cancel Help

29
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Saving data Logging Sensor Data...

File>Log

Y1
¥1
Savein Data ) ; A -
MName Date modified

sensor_data 11/29/2023 B:20 PM

B34 sensor_data 11

File: name Sensor_Data csv Save
Save astype: Al Cancel
Help
Option
Binary B Append 8 Flain text
Hide dialog Incude screen buffer
Trresw'h;)

30
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Saving data Logging Sensor Data...

Log file saved - Click the Close Button

Filename: sensor_data.csv

Fullpath: EADWilcher RDesignNews\CEC_
Bytes transferred: 17000

Close Pause Help

31
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Question 4

There are three common terminal emulators used to ® |
log data. ot N
a) True
b) False

32
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Lab: Light Sensor OLED Display (Bricolage)

— '— s N

33
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Lab: Light Sensor OLED Display (Bricolage)

Lab Objectives:

Participants will learn to wire the Light Sensor OLED demonstrator

circuit.

« Participants will
« Participants will
« Participants will

learn to install libraries for the OLED display.
learn to program the Arduino Nano 33 BLE Sense
learn how to run the Light Sensor OLED Display

34
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Setting Up The Libraries...

LIBRARY MANAGER

The libraries that will need to be
installed are listed below. g —
a) AdafrUit GFX Topicc [AlL ]
b) Adafruit SSD1306
C) See Day 2 lecture slides for SRICORaiERS
additional details and information Arduino IDE PLC runtime library

for Arduino Opta This is the
runtime library and plugins fo...

‘1.0.4 V‘

AlPlc_ PMC by Arduino

Arduino IDE PLC runtime library
for Arduino Portenta Machine
Control This is the runtime...

‘1.0.4 V‘

Information Classification: General
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Replacement of 10KQ — e Y el e

Potentiometer with T HERN N e E Y ) U dh A -TEE

Light Sensor Circuit S N —— e bl

~ N n In

...... LightVal

............

A.l--.&'...
- - 2 v mam
s sm e s e wm .

----------- 36
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Lab: Light Sensor OLED Display (Bricolage)...

Functional
) LED_BUILTIN)
Overview T
s o2
P. t AREF ?"_ﬂwfl
1inou L % Diagram courtesy
A2 o of Arduino.cc
Ad L7 /~D5/
«»

Information Classification: General
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Replacement of 10KQ
Potentiometer with

Lab: Light Sensor with OLED Display (Bricolage). ..

+3.3V

Light Sensor Circuit:
Electronic Circuit
Schematic Diagram

R2 \
Phatacell{Light Sensor]\_,[

U1
Arduino Nana 33 BLE Sense
NS Sl
a2 £
th = R2 D1
%RESET ) 220R r-:ED
<8 RESET g; 6 AN PRy
D4 -
180\ REF ps &
Dﬁ .i =
1950 p7[td
20054 pa fL
24,5 pofil
22,5 p1oftd
§3 SDA/AL
24scLyas Mos Lt OLED 128k
ET K= §5130k
] - I I2C
=
(s ]
T

Information Classification: General
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Lab: Light Sensor OLED Display (Bricolage). ..

#include <Wire.h>
#include <Adafruit GFX.h>
#include <Adafruit_SsD1306.h>

#define SCREEN WIDTH 128
#define SCREEN HEIGHT 64

#define OLED RESET 4

Adafruit _SsD13e6 display(SCREEN WIDTH, SCREEN HEIGHT, &Wire, OLED RESET);

lightsensorpin = A@;

setup() {
Serial .begin(9600);
display.setTextColor(5SD1306 WHITE);

if(ldisplay.begin(SSD1386 SWITCHCAPVCC, 0x3C)) {
Serial.println(F("sSD13@6 allocation failed”));
for(55);

}

display.fillRect(@, @, SCREEN WIDTH, SCREEN HEIGHT, SSD1366 BLACK);

display.display();
delay(2000);
display.clearDisplay();

Information Classification: General

loop() {
lightvalue = analogRead(lightsensorpin);

display.clearDisplay();
display.setTextSize(2);
display.setCursor(e, ©);
display.print("Lightvalue™);
display.setTextSize(2);
display.setCursor(64,24);
display.print(lightvalue);
Serial.println(lightvalue);
delay(1ee);

if (lightvalue > 8e8) {
digitalwrite(LED BUILTIN, HIGH);
} else {
digitalWrite(LED BUILTIN, LOW);

¥

display.display();
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Lab: Light Sensor OLED Display (Bricolage). ..
Running Light Sensor OLED Display on Solderless Breadboard

Click on the link to watch
the Hello World Demo

https://youtu.be/QgXomLANNs3 |

Information Classification: General


https://youtu.be/QgXomLAnhs8
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Question 5

In reviewing slide 38, the 10KQ2 potentiometer was
replaced by what components? |
a) transistor-relay -t
b) diode-resistor
c) rheostat-resistor
d) resistor-photocell

41
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Thank you for attending

Please consider the resources below:

Chua, C.E., & Storey, V.C. (2022). A tutorial on prototyping internet of things device and
systems: A gentle introduction to technology that shapes our lives. Communications of the
Association for Information Systems, 51(34), 327-364.
https://www.researchgate.net/publication/360263045 A Tutorial on_Prototyping Interne
t of Things Devices and_ Systems A _Gentle Introduction to Technology that Shapes

Our_L.ives

Kurniawan, A. (2021). lot projects with arduino nano 33 ble sense. Apress.
https://link.springer.com/chapter/10.1007/978-1-4842-6458-4 3

42
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https://www.researchgate.net/publication/360263045_A_Tutorial_on_Prototyping_Internet_of_Things_Devices_and_Systems_A_Gentle_Introduction_to_Technology_that_Shapes_Our_Lives
https://www.researchgate.net/publication/360263045_A_Tutorial_on_Prototyping_Internet_of_Things_Devices_and_Systems_A_Gentle_Introduction_to_Technology_that_Shapes_Our_Lives
https://www.researchgate.net/publication/360263045_A_Tutorial_on_Prototyping_Internet_of_Things_Devices_and_Systems_A_Gentle_Introduction_to_Technology_that_Shapes_Our_Lives
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Thank You
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