STEM by ART: Teaching Science, Technology, Engineering, Math by ART

Programming Arduino with

Fotios Gioulekas, Panagiotis Katsaros

W)
K Hml Greece

7 7%

http://stem.lupacovka.cz




Computer programming & computer

program

= Computer programming: Calorie Calculator
= act of writing computer programs to solve a problem O T T S

Age

= Computer program
» structured collection of a sequence of instructions written sender © mele | femae

Height 180| centimeters

using a Computer Programming Language to tell the Weight

Activity | Lightly Active - exercise/sports 1-3 times/week |ZI

computer to do a specific task Calculate @

kilograms

You need 2,207 Calories/day to maintain your weight. mﬁ
‘You need 1,707 Calories/day to lose 0.5 kg per week.
You need 1,207 Calories/day to lose 1 kg per week. 2

1 You need 2,707 Calories/day to gain 0.5 kg per week. _
RObOtIC You need 3,207 Calories/day to gain 1 kg per week.
arm
playing https://www.calculator.net/calorie-calculator.html
chess

Image taken from:
https://www.flickr.com/photos/steve _hoge/5143590110/
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Microcontrollers

= A microcontroller is a computer system on a

single chip that does a job (MCU, uC)

= control electronic equipment

= exists in electrical device, cars, washing
machines, microwave ovens, telephones

» includes central processing unit (CPU),
memory (a small amount of RAM, program
memory, or both), and programmable
input/output peripherals, which are used to
interact with various units

Images taken from:
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Arduino

= Arduino is an open-source electronics prototyping platform that contains both hardware and
software founded by Massimo Banzi and David Cuartielles in 2005

= open-source: Original design files are freely distributes enabling people to study them, make changes
and share those changes with others

= Electronics: Science sector dealing with the study of flow and control of electrons (electricity) and the
study of their behavior and effects in devices using such electrons

= Prototyping: An original model, form or an instance that serves as a basis for other things

= Platform: A combination of a hardware system with software environment that can be programmed and
execute other software

Refs: https://www.arduino.cc/en/Guide/Introduction ARDU I NO 3
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Arduino Uno platform — |

= One of the many flavors of Arduino platforms

= |tis able to read inputs (e.g. light on a sensor, a finger on a button, or a Twitter message) -
and turn it into an output (e.g. activating a motor, turning on LEDs, publishing something
online)

» |t can sense and react with the environment

» The uC on the Arduino board is programmed using the Arduino programming language
(Wiring Language which is based on C++) and the Arduino Integrated Development
Environment (IDE)

» The software consists of a standard programming language compiler and a boot loader that

Refs: https://www.arduino.cc/en/Guide/Introduction ARDU I NO 4

executes on the microcontroller
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Arduino Uno platform — Il

Digital Ground
Digital 1/0 Pins (2-13)
|

Serial Out (TX)
Serial In (RX)

» |nputvoltage: 7-12 V (USB,
DC plug, or Vin)

Analog Reference Pin

T
W\ LB

*= Max output current per pin: MADE e " .
UINITALY Qrargii O mu <o m® nowemn -~ Power
40 mA g ,,m S g a2 Indicator

USB Plug — . 5
""""""" Reset Button
In-Circuit
16MHz Clock Serial Programmer
voltage ——————| [N e ATmega328
regulator e Microcontroller

External Power Supply

Reset Pin
3.3 Volt Power Pin

Image taken from: 5 Volt Power Pin Voitage In

http://www.studentcompanion.co.za/wp-content/uploads/2015/12/Arduino-Uno-R3-pins.jpg Ground Pins

Analog In
Pins (0-5)
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Arduino Uno Kit

Shift Register

Temperature
sensor




Putting parts together

= How can | connect various sensors to Arduino?
= How can | connect actuators to Arduino?
= How can | tell or program an Arduino to do a job?




Programming Environment

It is an computer software framework
that includes:
= Atext editor to create computer
programs
= A compiler to compile the created
programs using the text editor
into binary format or
» An interpreter to execute the
programs created directly

= ol

&l ]

El

File Edit Sketch Tools Help

& Ewo

Serial Monitor
once:

/4 put your sethNcode here, to T

id loopi) |

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

Coding Area




Scratch

= Scratch is an open source visual BEEE © - v os on

' |Untitled Scripts | Cosfumes | Sounds
o | ~e

®
>

AAAAAAA

programming language for teaching

Step-by-Step How To Blocks

Fallow these tutorials to get started with your

programming to children

= One can create interactive stories, ﬁ B

. . \(‘t — Animate A Name N

games, and animations — and share the 1 :

creations with others on the we PR :

» Developed by the Lifelong Kindergarten —yET Y| = »
group at the MIT Media Lab, USA = - G

* Programming resembles to putting parts ““* :

together assembling a puzzle

Source: https://scratch.mit.edu/
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Scratch for Arduino S4A - |

=  S4A, developed in 2010 by the Citilab Smalltalk
Team, is a Scratch modification that allows for

simple programming of the Arduino open source
hardware platform

» |t provides a high level interface to Arduino
programmers so as to manage sensors and
actuators

»= An Arduino sketch (S4AFirmwarel16.ino) has to
be loaded to the board to communicate with S4A
through USB

Source: http://sd4a.cat/
10


http://s4a.cat/
http://s4a.cat/

Scratch for Arduino S4A - Il

= Comparison of a simple program that blinks a LED connected to LED BUILTIN PIN #
13 on Arduino and in S4A

LED # 13

Arduino Code
S4A Program

Blink §

| when clicked

/f{ the setup function runs once when you press reset or power the board forever

void setup{) { if sensor Digitall |pressed?
/f initialize digital pin LED BUILTIN as an output.
pinMode (LED_BUILTIN, OUTEUT);: digital 12 |on

! else

digital 13 |off

/{ the loop function runs over and over again forever
wvold loop{) {

digitalWrite (LED BUILTIN, HIGH): // turn the LED on (HIGH is the voltage level) T
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
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A breadboard is used to create circuits and connect different sensors and actuators to the

Horizontal hole groups are linked power and ground columns are connected vertically

Arduino board through jumper wires, and electronic components

EeEEE mEE&EB
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S e A

EEEEE
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Ohm's Law (Basic Electronics Law)

= A physics law which states that current passing

through a conductor is proportional to the input L
voltage +
= Voltage (V): is the measure of electrical potential v R
» unit of measurement = Volts (V) .
» Current (I): is the amount of flow through a 1
conductive material
= unit of measurement = Amperes or Amps (A) V=1IR .. To find voltage

I=V/R..To find current

» Resistance (R): is the material's opposition to the - : ,
R=V/I .. To find resistance

flow of electric current
» unit of measurement = Ohms (Q)

Source: http://ohmlaw.com/ohms-law-for-kids/
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How a LED works

= |tis a light-emitting diode that emits light when activated based on WEF}“:'TM
/’“IE an
[
=
~
A

Refledive cavity

the Electroluminescence (EL)
= An optical phenomenon and electrical phenomenon in which a
material emits light in response to the passage of an electric current

Semiconductor die

A
Fast } Leadfrarme

= Electricity flows from a higher voltage to a lower voltage

Flat spot

+ ] -
Long anode Cathode
5 LOLTS » leg 9 [ IShOI"[
LED €g
ol
5 UOLTS [+ @ JOLTS
LED

Source: https://en.wikipedia.org/wiki/Light-emitting_diode
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S4A installation

» |nstall S4A into your PC
» Download the program from http://vps34736.ovh.net/S4A/S4A16.zip
= Unzip it to a folder named S4A

» |nstalling the Firmware into your Arduino
» Download Arduino IDE from https://www.arduino.cc/download handler.php and
run the file arduino-1.8.5-windows.exe to setup it
» Download S4A firmware from http://vps34736.ovh.net/S4A/S4AAFirmwarel16.ino
= Connect your Arduino board to a USB port in your computer
= Open the firmware file (S4AFirmwarel16.ino) from the Arduino environment
» |nthe Tools menu, select the board version and the serial port where the board is

connected
» Load the firmware into your board through File > Upload
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Physical computing

= Design interactive physical systems by the use of software and hardware that
can sense and respond to the real world
= smart automotive
= traffic control systems
= factory automation processes

o Sensors
=  Smart buildings
Interactive
= Robots System Interaction Real World
Actuators

Source: https://en.wikipedia.org/wiki/Physical computing
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Lab 1

Connect a LED and a 220Q Resistor on the breadboard and with Arduino according to the

schematic below

538 mn8
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6@ mmmm
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Xmemmw
Wewmsw
Neowow

a'pc d'e 8

se smmms

EE R A
20w
2w
288 - nw |-

ficg il
D

s momomw5 ||
 wmmmEG
“w w7}
 mowowow w3 ||
 emmwww9

GND

a0

ARDUINO
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In S4A select
Digital off and on
I/O

Drag and drop
them to scripts
area

Change them to
#10

Y P N Wi s & [ File Edit Help

Press here to switch
on or off the LED

New sprite: ﬁ/ ?"? ?:r H:

A T,

=

Arduino...|




= From control place

wait 1 sec block in

between the on of

motion blocks
LED switches on
and off every 1
sec if you click on
the block of
commands




Lab 1 — Control a LED from S4A (IV

= How to make

BasedonScratch . = File Edit Help

LOO S In the Hotion Conticl o) Arduinol
P B =]

Looks Sensing

p ro g ram ? = Sparaters ,_mr— r— port: COM3

Analogo [T
Pen Variables
Analogl [FTTH
Analog2
o T Analog3 [EETH
I_When space | key pressed Analog4 IETH
repeat Analags YT
digital 12 |on i talz [
tals

value of sensor Analogd

sensor Digital2 |pressed

digital 13 | off

analog 9 |value EEE)
motor & |off

motor & |direction cockwis

motor € |angle

reset actuators

stop connection

New sprite: {.\‘/ 'f? e
resume connection

show board ﬁ

hide board Arduino...

board go to x: [ v: @

move steps

turn G degreas

turn & degrees

e o s e




Images sources: https://create.arduino.cc/projecthub/mjrobot/physical-computing-scratch-for-arduino-72661a , http://tymkrs.tumblr.com/post/19734219441/the-four-pin-switch-hooking-it-up

When button is pushed, turn ON the LED for 10 seconds and then switch it OFF
10KQ pull down resistor is required to avoid inducing a dead short circuit when the button is
pushed down +sv 5V HEE BrEasad
e o6 P2 e
Button Open || 10K Button Pressed | 0. 3 4
"0"to Pin 2 "1"to Pin 2

Pressed

1 2
3 4

pins Common
pins

-Pins 1 and 2 are wired together.
-Pins 3 and 4 are wired together.

-Pins 1 and 3 are wired together.
~Pins 2 and 4 are wired together.
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Lab 1

Connect a LED and a 220Q Resistor on the breadboard and with Arduino according to the

schematic below
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Lab 1 — Control a LED from S4A (VI)

= S4A program

when clicked

forever
if sensor [Digital2 | pressed?

digital 10 |on
(-

wait ) secs
—

else

“digital 10 |off
L

—
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Lab 2 —Turn on a LED when LDR sensor is

covered Automatic Night Light (1)

»CdS - LDR (Cadmium Sulfide - Light
Dependent Resistor) or photocell sensor

" |ts resistance is inversely dependent on
the amount of light falling on it

Substrate
v
Thin Strip of ?
Photoresistive
Material
(Cadmium Sulphide) LDR
| 2 Symbol
v
R (cen
Dark Night Average Bright i
Time Sunny Day Sunlight Pln AO
|
I
1
» I
] 1
< |8 : 0-5v
2 i Photocell

------ | J_ 1
l 7000 Lt = 10kQ resistor 220Q resistor 24




Lab 2 —Turn on a LED when LDR sensor is

covered Automatic Night Light (Il)

= Write down the Voltage values at Analog pin AO

Lab’s light are switched ON i Sk 1 /
Analogo EFES"

Lab’s light are switched ON AnaI::I [ 665 |

& Hand on the LDR Analog2 [IETW
Analog3

Lab’s light are switched OFF Analogs [ZTH
Analog5 [IFI0

Lab’s light are switched OFF Digitalz [ZFT9

& Hand on the LDR | Digitals Y

= What is the threshold value that differentiates

darkness from lightness? ’e



Lab 2 —Turn on a LED when LDR sensor is

covered Automatic Night Light (Il)

* Program S4A
=  Sense the threshold

Ly Pasedonscratch @ [ File Edit Help HELd

voltage value of the
sensor in an if loop
= Depending on the
value of the sensor
= Switch on and
off the LED
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Lab 3 - Temperature Alarm — (1)

= Program Arduino

buzzer

to buzz when vdd(sv) vdd (5v)
temperature e ;/_f
oes higher than ~
g g L _:—I =
a value OFE ON
+5V

Temperature

LM35 '

LM35 analog temperature sensor

Voltage Supply:
4V - 20V

Output Voltage \ : G d
10mv per Degree roun
Celsius <€ /7
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Lab 3 - Temperature Alarm — (ll)

= Schematic Topology

GND - .
— Y havaecaszzonzssfielernrnanannns
GND
Analog
Pin A3
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Lab 3 - Temperature Alarm — (llI)

» Read the voltage value in pin Al
» Does it correspond to real room temperature?
» How to calculate the temperature value in °C since voltage values are read in Al from the
LM35 sensor?
= Formula according to LM35 datasheet
» Find what percentage of the range (1024 = 10bits representation of ADC) value in
Al is, multiplying that by the range itself (5000 mV), and divide it by 10 mV per °C
» Temperature in °C = (Al value * 500)/1023

Source: http://www.ti.com/lit/ds/symlink/Im35.pdf
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Lab 3 - Temperature Alarm — (1V)

S4A program
= Loop forever
= Enter the formula in S4A
= |f temperature is above 25°C
= Buzzer is activated
» Else

= Buzzer is deactivated

sMake 1 variable
» temperature

Motion Control
Looks Sensing

Sound Operators

Pen Variables

Make a wariable
Delete a variable

E temperature

sat temperature
change termperature
chow wariable termperature

hide wariable t=mperature
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Lab 3 - Temperature Alarm — (1)

»Final S4A program

when clicked-

forever

A (s

set temperature | to value of sensor Analog3 * dioz3

:‘;r‘if‘é'n?sxm ‘, rx
r ; i (=) @ §48 3% §
say temperature £ = § @ 5 ﬂrq;ﬂnove
b vy, @ Duemilanave,,

if temperature = Digitals BEIZY D (b:n::o)u &2

digital 11
| —

elsa

digital 11
L —
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Thank you
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