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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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Dr. Don Wilcher

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

Information C


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
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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Agenda:

 Setting Up The Libraries
a) Adafruit GFX
D) Adafruit SSD1306
 Mini Labs: Hands-On Activities
a) Blinking LED
p) Pushbutton-Alternating Blinking LED
C) Arduino IDE Serial Plotter
« Lab: Analog Sensor-12C 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).



Continuing
‘ ‘ Education
Center

Setting Up The Libraries

Libraries are files written in C or C++ (., :cpp), providing extra functionality

for your code. Examples include the following abilities.

a) controlling LEDs

D) servo motors

C) encoders

To use existing libraries in the Arduino IDE, the Library Manager can be

initiated.
The Library Manager allows obtaining and installing libraries with ease.
The #include statement is used to gain access to the public functions and
constants defined by the library.

Information Classification: General
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Question 1

What statement is used to gain access to the public
functions and constants defined by the library? |
a) ##include —
b) #Include
c) #included
d) #include

Information Classification: General
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Setting Up The Libraries...

—

File Edit Sketch Tools Help

¢ Arduino Nano 33 BLE

sketch nov24a.no

! setup() {

Accessing the
Library Magnager l:> -

Information Classification: General
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Setting Up The Libraries...

LIBRARY MANAGER

The libraries that will need ¥ 1 Type your Library

1t:)o Ibe installed are listed e A~ searches here
elow.
a) Ad afru i.t G FX :I:L:fm_:;i; runtlme library
b) Adafruit SSD1306 R

‘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‘ 10

Information Classification: General
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Setting Up The Libraries...

Reference > Libraries > Adafruit gfx library

Adafruit GFX Library

Adafruit GFX graphics core library, this is the 'core’ class that all our other graphics libraries derive from.

_ Install this library in addition to the display library for your hardware.
https:.//www.arduino.cc/refere

nce/en/libraries/adafruit-gfx- ~ Author: Adafruit
llbrar)/ Maintainer: Adafruit

Read the documentation

This library is compatible with all architectures so you should be able to use it on all the Arduino boards.

11

Information Classification: General To use this library, open the Library Manager in the Arduino IDE and install it from there.


https://www.arduino.cc/reference/en/libraries/adafruit-gfx-library/
https://www.arduino.cc/reference/en/libraries/adafruit-gfx-library/
https://www.arduino.cc/reference/en/libraries/adafruit-gfx-library/
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Github provides

Setting Up The Libraries...

Adafruit-GFX-Library

master - P12 92 Go to file Add file ~

G caternuson Update library.properties

additional documentation

for the library.

Fonts
examples
fontconvert
-gitignore

Adafruit GRX.cpp

https://github.com/adafruit

/Adafruit-GFEX-Library

Information Classification: General

Adafruit GrayOLED.cpp
Adafruit GrayOLED.h
Adafruit SPITFT.cpp
Adafruit SPITFT.h
Adafruit SPITFT_Macros.h
CMakelists.bet
README.md

componant.mk

ghdfonth

gledfont.c
library.properties

license.tet

README.md

About

Adafruit GFX graphics core Arduino
library, this i ‘core’ class that all our
other graphics libraries derive from

&

Releases 82

1.11.9 - Remove volatile variable ...

Contributors &0

A 0000
@8 T

12


https://github.com/adafruit/Adafruit-GFX-Library
https://github.com/adafruit/Adafruit-GFX-Library
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Question 2

In reviewing the Adafruit GFX library on slide 11, the
Read the document link provides additional |
information using what platform? F

a) Blog

b) word document

c) Github

d) Wiki

13
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Setting Up The Libraries...

Reference > Libraries > Adafruit ssd1306

Adafruit SSD1306

https:.//www.arduino.cc/refere
nce/en/libraries/adafruit-
ssd 1306/ Author: Adafruit

SSD1306 oled driver library for monochrome 128x64 and 128x32 displays

Maintainer: Adafruit

Read the documentation

This library is compatible with all architectures so you should be able to use it on all the Arduino boards.

To use this library, open the Library Manager in the Arduino IDE and install it from there. 14
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https://www.arduino.cc/reference/en/libraries/adafruit-ssd1306/
https://www.arduino.cc/reference/en/libraries/adafruit-ssd1306/
https://www.arduino.cc/reference/en/libraries/adafruit-ssd1306/
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Setting Up The Libraries...

Adafruit_SSD1306 Watch 130 - Star 16k

. GithUb prOVideS . Fa 42 Go to file Add file - <> Code ~ Abmft -
additional doqu mentation 3yl et 270y o 2514 252527 o st 1232 OLEDS
for the library. ¢

examples

scripts

https://github.com/adafru
it/Adafruit SSD1306 e

Adafruit_5501306.h
CMakelists.bet
README.md
component.mk
Releases 42
library.properties
2.5.9 Bump version in library.pr...

license.bet

splash.h

README.md

Adafruit_SSD1306 ©ainoisey cr s ses e

This is a library for our Monochrome OLEDs based on SSD1306 drivers Contributors 36
Pick one up today in the adafruit shop! ----—--> ,}% ﬁ ;'ﬂ" -_:f“_ e @
These displays use 12C or SPI to communicate, 2 to 5 pins are required to interface. @ @ 9 I

e

Adafruit invests time and resources providing this open source code, please support Adafruit and open-source
1 fidl

Information Classification: General
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Mini Labs: Hands-On Activities
Introduction:

The following Mini Labs will introduce some basic digital and analog
input/output (1/0) capabilities of the Arduino Nano 33 BLE Sense.
The Mini Labs will allow exploring the use of Bard Al to assist in generating
the code for the mini labs.
An approach to capturing data for analysis will be presented.
A basic Arduino example will be enhanced with the assistance of Bard Al.
The Mini Labs will consist of the following demonstrators.

a) Blinking LED

D) Pushbutton - Alternating Blinking LED

C) Arduino IDE - Serial Plotter
 Functional Overview Pinout will assist in the wiring of the Mini Lab circuits on
a.solderless breadboard. 16
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Mini Labs: Hands-On Activities

. Introduction:
Functional
o LED_BUILTIN)
Overview S
013~ " 0r2
P . t AREF I"‘_ﬂwfl
1Inou Ao ,l;:;‘g Diagram courtesy
A2 o of Arduino.cc
A3 V7 Ad/
W ET
797, 77 A/
D

17
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Mini Labs: Hands-On Activities...
Blinking LED

Electrical Wiring Diagram: Solderless Breadboard view

Lab Objectives:

a) Test USB communication
between The Arduino Nano
33 BLE Sense board and the
development machine.

b) Test the Digital pin13 of the
Arduino Nano 33 BLE Sense
board.

)  Experiment with the flash
(Blink) rate of the Example
Code.

Information Classification: General

18
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Question 3

On slide 18, the external LED circuit is wired to what
pin of the Arduino Nano 33 BLE Sense board?
a) D12 -l A
b) D13
c) D15
d) D11

19

Information Classification: General
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Mini Labs: Hands-On Activities
Blinking LED

01,Basics

AnalogReadSenal

Accessing the Blink Code (Sketch)

Blink
04.Communication
DigitaiReadSerial
05.Control
06.5en
sketch_nov24a | Arduino IDE

~ 07.Desplay
File Edit Sketch Tools Help

08.Strings
New Sketch -
09.use

Example>Basics>Blink A e

Open Recent
Sketchboc
Examples MLC

Close Nano33BLE_Syst

Information Classification: General

Save

Save /

Preferences

Advanced

Quit

PDM

Scheduler

USBHID

USBMID

Adafruit BusiO
Adatruit GFX Library
Adafruit LIS3MDL

Adafruit LSM9DSO0 Library

Adafruit LSM9ODS1 Library

Adafruit 306
Adafruit ST7735 and ST77
Adatruit Unified Sensor
Adafruit Zero DMA Library

Adafruit Zero POM Library

20
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Mini Labs: Hands-On Activities
Blinking LED

Blink Code (Sketch)

setup() {

pinMode(LED BUILTIN, OUTPUT);

}

Loop() {
digitalWrite(LED BUILTIN, HIGH);

delay(1000);
digitalWrite(LED BUILTIN, LOW);
delay(1000);

Information Classification: General
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Mini Labs: Hands-On Activities
Pushbutton - Alternating Blinking LEDs
Electrical Wiring Diagram: Solderless Breadboard view

Lab Objectives:

a) Test USB communication
between The Arduino Nano
33 BLE Sense board and the
development machine.

b) Test Digital pins 2,12,and 13
of the Arduino Nano 33 BLE
Sense board.

)  Modify the Blink code using
Bard Al.

d) Experiment with the flash
(Blink) rate of the Example
Code.

Information Classification: General
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Mini Labs: Hands-On Activities
Pushbutton - Alternating Blinking LEDs

Pushbutton Alternating Blinking LEDs Bard Al-Generated Code (Partial)

Write code where pressing a pushbutton switch (PB1) wired at digital pin 2 (D2) will blink an LED wired at
digital pin 13 (D13).

0

Sure, here is the code where pressing a pushbutton switch (PB1) wired at digital pin 2 (D2) will blink an
LED wired at digital pin 13 (D13):

const int buttonPin = 2; // the number of the pushbutton pin
const int ledPin = 13; /f the number of the LED pin
1 /{ wvariable for reading the pushbutton status

int buttonState = @;

vold setup() {
2 // initialize the pushbutton pin as an input
pinMode(buttonPin, INPUT});

// initialize the LED pin as an output
pinMode(ledPin, OQUTPUT):

23

Information Classification: General
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Mini Labs: Hands-On Activities
Pushbutton - Alternating Blinking LEDs

Pushbutton Alternating Blinking LEDs Bard Al-Generated Code Several Zero-Shot Learning revision

Pushbutton_Alternate_Blink.ino

1 buttonPin = 2; loop() {

ledPinl = 13;
ledPin2 = 12; buttonstate = digitalRead(buttonPin};

buttonstate = 0;
if (buttonstate == HIGH) {

setup() {
digitalWrite(ledPin2, HIGH);

pinMode(buttonPin, INPUT); delay(500);
digitalWrite(ledPin2, LOW);

pinMode(ledPinl, OUTPUT);

pinMode(ledPin2, OUTPUT); digitalWrite(ledPinl, HIGH);
delay(500);
digitalWrite(ledPinl, LOW);

digitalWrite(ledPinl, LOW);
digitalWrite(ledPin2, LOW);

Information Classification: General
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Question 4

In analyzing the Pushbutton — Alternating Blinking
LEDs code, which line number reads the state of the
pushbutton? |
a9 —
b) 16
c) 25
d) 22

25

Information Classification: General
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Mini Labs: Hands-On Activities
Pushbutton - Alternating Blinking LEDs

Pushbutton Alternating Blinking LEDs Controller Video Clip

Click on the link to watch the
Pushbutton-Alternating Blinking
LED Controller Demo

https://youtu.be/-CKXcvOh|Do

) 0:00/0:22 ? t 3 26
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https://youtu.be/-CKXcvOhJDo
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Mini Labs: Hands-On Activities
Lab Objectives: Arduino IDE Serial Plotter

a) Test USB communication

between The Arduino Nano

33 BLE Sense board and the R1

development machine. 10K
b) L

Test Analog pin AO of the TEEK
Arduino Nano 33 BLE Sense it
board. R - - -

c)  Display the Analog voltage of PS> cevvves o SOPPEMGPPEAMRPLDPPPEDPPDENPLPEDPDDOID PP
Analog pin AQ using the S SEBEEBBEE00 R ¢+ s N s 0+ 000000000 00eeveerrveerEveer IV TSSO
Arduino IDE Serial Plotter %

L I B L B B * " " 0 L L B B * e L B
o 0 00 e 0 00 ® o 0 0 0 L I R e o " 00 o o ° 00 L I B

P L I D I L D D D R D D I D D B D D D R L R D I L R D I R R B R

@

L L L B B B I D R I I D L B D B D D B D D B DR R N D B L B DR I D DL R D R R DL R I B L R

[ +3.3V ooooo - *® e e e e e s e e e o0 0 ® e 0 00 LR e e e e e e e e

27

Information Classification: General



Continuing
‘ ‘ Education
Center

Mini Labs: Hands-On Activities
Arduino IDE Serial Plotter Code

Analog Sensor Senal Plotter1.ino

potPin = A®;

setup() {

Serial.begin(9600);
>}
loop() {

sensorValue = analogRead{potPin};

serial.println(sensorvValue);

delay(100);

¥

28

Information Classification: General
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Mini Labs: Hands-On Activities
Analog Sensor Serial Plot: Arduino IDE
Serial Plot

Accessing the
Serial Plotter

Analog Plot

Analog Sensor
Serial Plot Code

§ AdioNeoJ3BLE v ) v value 1 Interpolate -
Analog_Sensor Senal_ Plollert ino 1,024
potein = AB;
1,022
1,020
1,018
1,016
1.014
1,012
1,010
1,008

1235

9600 baud

Information Classification: General
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Lab: Analog Sensor 12C OLED Demonstrator (Bricolage)

=~ T PR ]
il e
ESEIE LR
B LR

Information Classification: General



Lab: Analog Sensor I12C OLED Demonstrator (Bricolage)...
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[ ] [ ]

Lab Objectives:
Participants will learn to wire the Analog Sensor I2C OLED
demonstrator.

« Participants will learn to install the Adafruit GFX and the Adafruit
SSD1306 OLED libraries.

« Participants will learn to program the Arduino Nano 33 BLE Sense
board.

« Participants will learn how to run the Analog Sensor [2C OLED
demonstrator.

31
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Lab: Analog Sensor I12C OLED Demonstrator (Bricolage)...
What is Bricolage?

Bard Al-Generated Explanation.

@ Please explain Bricolage.

0

The term "bricolage" is derived from the French word "bricoler,” which means "to tinker" or "to make do with what
one has." It was first introduced into the English language by anthropologist Claude Lévi-Strauss in his 1966 book
The Savage Mind. Levi-Strauss used the term to describe the way in which people in traditional societies use
whatever materials are available to them to solve problems and create new things.

32
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Lab: Analog Sensor I12C OLED Demonstrator (Bricolage)...

-

\.

Potentiometer

(10KQ)

Information Classification: General

Concept System Block Diagram

AO

Pin

Arduino Nano b

33 BLE Sense

SDA(A4)

SCL(AS5)

I

LED

12C OLED
Display

33
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Lab: Analog Sensor 12C OLED Demonstrator (Bricolage). ..

..........................................
ttttttttttttttttttttttttttttttttttttttt

------------------------------------------

Electrical Wiring /

Diagram: . T
Solderless Ve V. /. B
Breadboard view " g Jo el

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

34
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Lab: Analog Sensor 12C OLED Demonstrator (Bricolage). ..

Electronic Circuit
Schematic
Diagram

Information Classification: General

+3.3V

T
Arduino Nano 33 BLE Sense
~| ~ =
Nl = I"“I|
S 1
ra > ini B R2 D1
% rETET i 220R LED
<Y BESET 02 =)
Ty AN PRy
ou -
18 sReF DS -g—
~ D& = =
R1 §=.-2 19,0 p7 L
-l 20054 pg jL
N 2445 pgji2
22,5 p1ojtd
gz SDA/AL -
o5 SCL/AS MOSI 15 OLED 12&xkY
27| A6 MISQ =" 8801306
2 L6
£ A7 . SCK = I2C
=
o
=~
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Solderless
Breadboard Build

Information Classification: General



Continuing
‘ E‘ Education
Center

Lab: Analog Sensor 12C OLED Demonstrator (Bricolage). ..

#include <Wire.h>
#include <Adafruit GFX.h>
#include <Adafruit SSD1366.h>

: #define SCREEN WIDTH 128
Ardulno #define SCREEN HEIGHT 64
Nano 33 BLE #define OLED RESET 4

d Adafruit sspi13ee display(SCREEN WIDTH, SCREEN HEIGHT, &Wire, OLED RESET);
Sense Code:
[ ]

potPin = A@;

Part 1

setup() {
Serial.begin(9660);
display.setTextColor(SSD1386 WHITE);

if(ldisplay.begin(SSD13@6 SWITCHCAPVCC, @x3C)) {
Serial.println(F("SSD13066 allocation failed"));
for(s;3);

¥

display.fillRect(@, @, SCREEN WIDTH, SCREEN HEIGHT, SSD1386 BLACK);
display.display();

delay(2000);

display.clearDisplay();

Information Classification: General
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Lab: Analog Sensor 12C OLED Demonstrator (Bricolage). ..

display.fillRect(@, @, SCREEN WIDTH, SCREEN HEIGHT, SSD1306 BLACK);
display.display();

delay(2000);

display.clearDisplay();

Arduino oy
Nano 33 BLE potvalue = analogRead{potPin);
Sense Code:
display.clearDisplay();
Part 2 display.setTextsize(2);

display.setCursor(e, );
display.print(”Pot value™);
display.setTextsize(2);
display.setCursor({64,24);
display.print(potvalue);
Serial.println{potvalue);
delay(10e);

if (potvalue > 800) {
digitalwrite(LED BUILTIN, HIGH);
} else {
digitalwrite(LED BUILTIN, LOW);

}

display.display();
Information Classification: General } S Play()
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Lab: Analog Sensor 12C OLED Demonstrator (Bricolage). ..

SN A g R
.. m=i-i-ﬂ _ B

Solderless l... B
Breadboard Build: '.. 54
Demonstrator 'E'.--!k

Powered ON and
Functional

39
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Lab: Analog Sensor 12C OLED Demonstrator (Bricolage). ..

Running Analog Sensor [2C OLED Demonstrator on the Solderless Breadboard

Click on the link to watch the Analog
Sensor 12C OLED Demonstrator

https://youtu.be/7NmV3]0aii8

) 0:00/0:29

Information Classification: General


https://youtu.be/7NmV3JOaii8
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Question 5

In analyzing the Analog Sensor I12C OLED
Demonstrator code on slide 38, if(potvalue < 800)
what is the output response of the LED indicator?

a) on

b) off

c) tri-state

d) None of the above

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_Internet of Things Dev
Ices_and_Systems A_Gentle Introduction to _Technology that Shapes Our_Lives

Course_Lab_project_code.zip folder: Github Repository: https://github.com/DWilcher/HCI_Electronics

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://github.com/DWilcher/HCI_Electronics
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