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Upcoming Weeks

AOffice Hours
I Monday Jan 18 @ 7:00 PM
I Monday Jan 25 @ 7:00 PM
I Monday Feb 1 @ 7:00 PM

AWeekly Session
I Thursday Jan 21 @ 8:00 PM
I Thursday Jan 28 @ 7:00 PM
I Thursday Feb 4 @ 7:00 PM
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Safety

AYour safety is paramount
I Please read the virtual handbook
I If at any point you feel unsafe, logout immediately and contact the FRSEF.

AContact us in an Emergency or for Routine Assistance
I Jordan: 248-330-4269 krell@flintsciencefair.org
i FRSEF: 810-797-5290 kdutton@flintsciencefair.org
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Arduino Hardware and IDE

Introduction to the Arduino Integrated Development Environment and
Arduino Language

1/14/2021 FlintScienceFair.org



Arduino Hardware 1 add pic

What is an Arduino?

INITALY

AR Ar dui n o -sosrcealactranipse n
platform based on easy-to-use hardware and
software. It's intended for anyone making
Interactive projects. Arduino senses the
environment by receiving inputs from many
sensors, and affects its surroundings by
controlling lights, motors, and other
act uafi Arduma Vdebsite

Find more Info:

https://www.arduino.cc/en/quide/introduction

| PLINTREGIONAL

SCIENCE&
ENGINEERIN{G
(FAIR;
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https://www.arduino.cc/en/guide/introduction

Arduino Hardware

Microcontroller

W hatis a Microcontroller?

A A microcontroller, or MCU, is a miniature computer with a processor, RAM,
non-volatile storage and peripherals.

A The peripherals can include general purpose input/outputlngPlO),
communications (serial, 12C, etc.), timers, interrupts, PWM, and analog
functions (ADC).

W here are Microcontrollers used?

A Microcontrollers are used in embedded applications, such as appliances,
vehicles, industrial controls, wireless devices, and much more.

A The Arduino boards are based on a microcontroller, an ATmega328P in our
case.

A Activity: can you name an object near you that has a microcontroller?

Find more info:

A https://en.wikipedia.org/wiki/Microcontroller

A https://www.allaboutcircuits.com/technical-articles/what-is-a-microcontroller-

Introduction-component-characteristics-component/ €
A https://www.microchip.com/wwwproducts/en/ATMEGA328P SCIENCE&
ENGINEERIN{G

(FAIR
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Grove Beginner's Kit Hardware

The Gr ove Beg.iisawvariand af thelrdiino Uno, with many sensors and output modules included and pre-wired.
It includes:

A Seeeduino Lotus (Arduino Uno derivative) g wm Orove Beginner Klt
A GroveLED . .. .. .. ........ (D4 Output) Tiem B
A GroveBuzzer . . . ... ........ (D5 Output)

A Grove OLED Display . . . .. .. .. . (I2CBus)

A GroveButton . . . .. .. .. ..... (D6 Input)

A Grove Rotary Potentiometer . . . . . . (AO Analog Input)

A Grove Light Sensor . . . . .. .. ... (A6 Analog Input)

A Grove Sound Sensor . . . ... ... . (A2Analog Input)

A Grove Temp and Humidity Sensor . . . (D3 1/0)

A Grove Air Pressure Sensor . . . . . . . (12C Bus)

A Grove 3-axis Accelerometer . . . . . . (I>’C Bus)

Find more info: i . it ot Arduinoo-
A https://files.seeedstudio.com/wiki/Grove-Beginner-Kit-For-Arduino/res/Grove-Beginner-Kit-For-ArduinoP DF. pdf

A https://www.seeedstudio.com/Grove-Beginner-Kit-for-Arduino-p-4549.html \ FLINT REGIONAL

SCIENCE&
ENGINEERING

(FAIR
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https://www.seeedstudio.com/Grove-Beginner-Kit-for-Arduino-p-4549.html
https://store.arduino.cc/usa/arduino-uno-rev3
https://files.seeedstudio.com/wiki/Grove-Beginner-Kit-For-Arduino/res/Grove-Beginner-Kit-For-ArduinoPDF.pdf
https://www.seeedstudio.com/Grove-Beginner-Kit-for-Arduino-p-4549.html
https://www.seeedstudio.com/Grove-Beginner-Kit-for-Arduino-p-4549.html

Example Connection D4 LED

AGrove LED: (D4 Output)

Grove Beginner Kit -

Light
3 ¢

nnovate with \()) Seeed y
te with \()) \_ FLINT REGIONAL

SCIENCE&
ENGINEERING
(EAIR:
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Grove Beginner's Kit Hardware

AGrove Sound Sensor : A2 Analog Input DR =

Grove Beginner Kit 2 .

For Arduino®

nnovate with \()) Seeed y
te with \()) \_ FLINT REGIONAL

SCIENCE&
ENGINEERING
(EAIR:
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& Hello | Arduine 1.8.13 — O X

A r d u i n O I D E Eile Edit Sketch Teocols Help

The Arduino IDE is an Integrated Development

Environment for creating programs for Arduino, v e

called Sketches. It contains all the necessary {:;;f:;’:‘; e
functions such as a text editor, message area, text |° “

console, toolbars, compiler and drivers to write, e dees )

compile and upload your sketches. Italso has a few | & o S, mes S s o e seme

useful features that makes writing and testing your |, =" =77 7 0
sketches easier.

Find more info: v .
https.//www.arduino.cc/en/Guide/Environment

-
| PLINTREGIONAL

SCIENCE&

ENGINEERI
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https://www.arduino.cc/en/Guide/Environment

TeXt Ed I tO r @ Hello | Arduino 1.8.13 N

. Eile Edit Sketch Tools Hel
Arduino IDE :

| ~
Text Editor Tout Egtor </ ||+

vold setup()

AThis is where you write your code. ) o e o e 0 e e
It has features for cut/copy/paste, | SIS dniiatines e seriel gt v 2 bt
find/replace text, commenting,
iIndenting, highlighting, etc. It Cerial.princin(vBello Rorldin): /) peints s sering 5o the seria
makes a basic but competent e g s e e
code editor.
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Message Area and Console [ewmumas .

. Eile Edit Sketch Tools Hel
Arduino IDE - :

Message Area - This is where the

IDE gives you feedback for saving,

errors and compile progress.

Console - The console displays };i;“:;’:‘;.?;::;?:‘sz‘;,?“?i imivialiaes the serial port with a baud
text output by the IDE, including

complete error messages and 1 o s cooe e, o s gt
Other |nformat|0n } delay (1000} // delays by 1000ms (1 secon d)

Board i Current board selection Board COM Port
port selection

Console

Some text copied directly from sites listed in the for more info

1/14/2021 FlintScienceFair.org




Toolbar Buttons
Arduino IDE

MVerify i Compiles your code to

check for errors.

BlUpload i Compiles your code and {
uploads it to your selected board.

BINew i Creates a new sketch.

1813

& Hello | Arduine
File Edit Sketch Tools Help

Save
Open

volid setup()

S/ put your setup code here, to run once
ial.kegin{9600); // initiali=zes the ser

}

vold loop()
{

Serial
Monitor

.. S/ put your main code hers, to run p atedly:
Serial tl{[—lll 1::1:hr nts a string to th
BOpen i Opens a menu to open an serial. prinin ("ello Worldt™); // prints » suring to the ser

existing sketch in this window.
BiSave i Saves your current sketch. {
BiSerial Monitor 7 Opens the Serial

Monitor.

1/14/2021
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Ter m S @ Hello | Arduino 1.8.13 - O x

Eile Edit Sketch Tools Help

A Verify (Compile): Converts your sketch into a
program that can be used by the Arduino

A Upload: Process of sending the program to the | =" |
ArdUinO . If:-u 5;'31.1].:‘ setup code here, to run once:

Serial .begin(9600); // initializes the serial port with a baud 1
i 1 often call it Flash

}

vold loop()

{
f/ put your main code here, to run repeatedly:
Serial.println{"Hello World!™); // prints a string to the serial
delay {1000} // delays by 1000ms ({1 second)

Arduino Un OME
FLINT REGIONAL

SCIENCE&
ENGINEERING
AIR:

FlintScienceFair.org LF
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Duino App - Controls Check & Compile &  Serial
cC Upload Monitor
%y {lcooe 9 T:Jg(g)mwlﬁnm \K’\-@’ o -

(=] SERIAL

1 /* P
I3 Test ~ 2 Blink o
3
4 Turnz an LED on for one second, then off for one =:¢ e
test.ino - .- i
= Most Arduinos have an on-board LED you can control.
7 it is attached to digital pin 13, on MKR1888 on pir
8 the correct LED pin independent of which board is 1
9 If you want to know what pin the on-board LED is cc
1@ model, check the Technical Specs of your board at:
11 https://www.arduino.cc/en/Main/Products
12
13 modified 8 May 2814
14 by Scott Fitzgerald
15 modified 2 Sep 2816
16 by Arturo Guadalupi
= 17 modified 8 Sep 2816
18 by Colby MNewman
14
Duino.App @ 2021 & ISSUES SELECT DEVICE PORT  BOARD: ARDUINO UNO  SERVER: (EEEIIED = o _
D\ 4
SCIENCES
NGIlEEiEﬁINC;
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Duino App T Importing a File ey

2 L12_Display_Te.. [9)
@

Almport Project (bottom left corner)

ASelect Upload Project Zip and
select the zip file of the sketches

ASelect the desired sketch and
enter a name under Project Name

Create New Project

DS1307RTC.h

TTTTTTTTTTTT

Create New Project

Crash Course Jan

[ﬂJ Upload Project Zip =

\
[ﬂJ = : Sc;i‘mETRIEGjOELE &
.
CrashCourse. _Jan/Challen ge1_Writin g_Blink/Challenge1 ~Writin g_Blink.ino 16
N
CANCEL CrashCourse. _Jan/L12 _Display, _Temp_ Humidity_Pressure_Light.ino/L12_Display_Temp_Humidity_Pressure_Light.ino.ino



Week 1 Prerequisites

ADownload the sketches zip from the course website:

I http://www.flintsciencefair.org/wp-
content/uploads/2021/01/CrashCourse_Jan.zip

AUnzip them into your Sketchbook folder:

I Windows:
C:\Users\<sYOUR_USERNAME>\Documents\Arduino\CrashCourse Jan

I Mac: /Users/<YOUR_USERNAME>/Documents/Arduino/CrashCourse Jan
I Chromebook: CrashCourse Jan

(-

=
» ThisPC » Documents » Arduino » CrashCourse

MName Date modified Type Size
+ Orientation 10/18/2020 11:46 PM File folder
Week1 11/4/2020 8:01 PM File folder
* Q Orientation.zip 10/18/2020 11:45 PM Compressed (zipp... 1KE
* Q Weekl.zip 11/4/2020 7:58 PM Compressed (zipp... 3KE
o .
ENGINEERING

(EAIR:
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Digital Signal Introduction

AWhat is a digital signal?
I Adigital signal is a signal that can only have one of a
finite number of values at a given time.

I For most digital electronics (including the Arduino),
this value is Binary, either 1 (HIGH) or O (LOW).

I For us this means that a digital signal going into or
coming from our MCU is either R IEIER i Lk
A a HIGH signal, near 5V (supply voltage), or oo ]

A a LOW signal near 0V (ground).

AActivity: Can you name a device that uses
digital signals in your house?

I—

AMore Info:
I https://en.wikipedia.org/wiki/Diqgital_signal a
i https://www.allaboutcircuits.com/textbook/diqgital/ SCIENCE p
ENGINEERING
FAIR:
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https://en.wikipedia.org/wiki/Digital_signal
https://www.allaboutcircuits.com/textbook/digital/
https://commons.wikimedia.org/w/index.php?curid=20667098

digitalRead () Function

digitalRead  (buttonPin );
I Gets the current state of the buttonPin.

AThe digitalRead function reads the value from a specified digital pin.

ASyntax:
digitalRead  (pin);
I Pin: Arduino pin number to read

I Returns:
A HIGH
ALOwW

AMore information: o <
i https://www.arduino.cc/reference/en/language/functions/digital -io/digital gt e 3
i

1/14/2021 FlintScienceFair.org ( -



https://www.arduino.cc/reference/en/language/functions/digital-io/digitalread/

digitalWrite () Function

digitalWrite (ledPin |, HIGH);
I Set the ledPin as HIGH.

AWrites a HIGH or LOWvalue to the specified pin.
ASyntax:

digitalWrite (pin , value );
I Pin: Arduino pin number to set the value of

I Value: options are
A HIGH, set pin to a high (5V) value
A LOWSset pin to a low (0V) value

AFor most applications pinMode (pin , OUTPUY function should be run
on the desired pin before calling digitalWrite ()

AMore information:
I https://www.arduino.cc/reference/en/language/functions/digital-io/digitalwrite/ & 2
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Challenge: OR_Chal
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Analog Signal Introduction

A\Nhat IS an analog Signal? Difference between Analog
I An analog signal is a continuous, time varying and Digital Signals

signal. It can be any of an infinite number of values "™
within its amplitude range. MM
I Analog signals can be measured with digital

electronics with the help of an Analog-to-Digital
Converter (ADC). O e

I Activity: Can you name a device that uses analog
signals in your house?

AMore Info:

I https://en.wikipedia.org/wiki/Analog_signal

I https://www.elprocus.com/differences-between-
analog-signal-and-digital-signal/ D\ 4

FLINT REGIONAL
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https://en.wikipedia.org/wiki/Analog_signal
https://www.elprocus.com/differences-between-analog-signal-and-digital-signal/
https://36projectsblog.wordpress.com/9-raspberry-pi-analog-to-digital-conversion-using-mcp3008-adc/

ADC (Analog to Digital Converter) introduction

A ADC Math
A 10 bits = 20 = 1024 steps
I Counting startsat 0,071 1023
A When measuring 01 5V, divide 5/ 1023
i Each step or value = 0.004887
i ADC value of 100=0.4887V

A Common ADC Types
A 8 bits = 2”8 = 256
A 10 bits = 210 = 1024
A 12 bits = 22 = 4096

A Comparison of 2, 3 and 4 bit ADCs

I Analog Signal
I 2Bit
I 4 Blt {ELINTREGQAL
SCIENCE&
ENGINEERING
EAIR:
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https://commons.wikimedia.org/w/index.php?curid=34641795

analogRead () Function

AExercise (use the Arduino's 10 bit ADC)
I What is the ADC value for an Vinput of: (Vref = 5V)

Aov ,

A5V (2btts — 1)

A1v ADCyaiye = Vin %
Formula = (1023 / 5V) * Input Voltage ref

= (204.6)*Input Voltage
I What s the voltage for an ADC reading of:

A 0 ADCvalue
A 100

A Formula=5V * (ADC #/ 1023)

AMore information:

I https://www.arduino.cc/reference/en/language/functions/analog- io/analogitaen
SO ENE&

NGINEERIN
N EATR
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analogRead () Function

potValue = analogRead (potPin );
I Reads the analog value from potPin analog input.

AThe analogRead function reads the value from a specified analog pin using
its built in ADC.

AThe Arduino Uno and derivates have a 10bit ADC that returns a value
between 0 to 1023.

ASyntax:
analog Read(pin);

I Pin: Arduino pin number to read.
I Returns an int between 0 and 1023.

AMore information:
I https://www.arduino.cc/reference/en/lanquage/functions/analog-io/analogread/ .\
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analogRead () Function

potValue = analogRead (potPin );
I Reads the analog value from potPin analog input.

AThe analogRead function reads the value from a specified analog pin using
its built in ADC.

AThe Arduino Uno and derivates have a 10bit ADC that returns a value
between 0 to 1023.

ASyntax:
analog Read(pin);

I Pin: Arduino pin number to read.
I Returns an int between 0 and 1023.

AMore information:
I https://www.arduino.cc/reference/en/lanquage/functions/analog-io/analogread/ .\
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