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Fun 1n the

Embedded World
with Arduino

Rob Miles
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What 1s an Arduino?

» Arduino isn’t a thing, it’s a open standard for
the hardware and software that make up a
microcontroller based computing platform

* You can buy “official” Arduino boards based
on the standard, but you can also get “clones”

* You can even make your own devices based
on the design
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What 1s a Microcontroller?

. The Arduino latform 1s based around
microcontroller devices

» A microcontroller is a single chip which
contains all the components that make up a
working computer

— Central Processor Unit (CPU)
— Program Storage

— Data Storage

— Input/Output

— Clock
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Microcontroller vs Microprocessor

* A microprocessor is a single chip that contains all
the processing elements of a computer

— Address and data registers, timing, microcode etc

» Microprocessors need chips around them to
provide program and data storage

— They can be used as the basis of a computer, but they
are not a computer

« A microcontroller contains the microprocessor
element and all the other bits too

— It just needs power and a clock to work
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Why isn’t everything powered by
microcontrollers?

» Microcontrollers are very small computers

» They are smaller than a modern computer
by a factor of around 500

— Very limited space for programs and data
— Slower clock speed

» But then again, they only cost a few
pounds

8-Oct-14 5
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Arduino Devices

e Arduino themselves
make and sell processor
boards

« But they also make the
designs openly available
for others to implement

 This means that there
are lots of Arduino
clones

Arduino Ouverview
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Arduino Devices

 Arduino themselves make
and sell processor boards

e But they also make their

designs openly available for
others to implement

 This means that there are
lots of Arduino clones
— You can get Funduino

boards for less than each
£10 on ebay
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The Missing Operating System

* Most computers have an operating system

— This looks after things like the filestore and
starts and stops programs for the user

* The Arduino does not have an operating
system

* When the power comes on the program
just runs
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Compiling code for the Arduino

. ®  Blink| Arduino 1052 = O
e The Ardulno platform File Edit Sketch Tools Help
. . Q00 BEA =
provides an environment = g

that includes an editor
and a compiler

 This runs on PC or Mac
and lets you write the C
code which is compiled

and then deployed into a _
connected Arduino

device

Arduino Ouverview
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Programming Language

* You write the Arduino programs in C++

* You can use assembler if you like (but this
is only required if you have a serious need
for speed)

* Most of learning the Arduino is learning
how the library routines work, not the
programming language....
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The Bad News

» The program just runs in the device when
you press the Upload button

o If the program isn’t correct there is no
debugging support

* You survive by adding print statements
that you can view on the host computer
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* An Arduino program is called a sketch and is

stored 1n a folder with the same name as the
sketch

* You can create a new Arduino program from
the editor
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e sketch_oct07a | Arduino 1.0.5-r2 = =
File Edit Sketch Tools Help
New Ctrl+N 2]
{{{{{
New Sketch | A
b

EEEEEEEEE

 To make a new Sketch
just select New from
the File menu

Pint ~ Ctl+P

» This makes a brand
new, empty, sketch

* You give the sketch a name when you save it
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Veritying a Sketch

 To verify a sketch you click the tick
underneath the file

— Or select Verify/Compile from the Sketch
Menu

— Or press CTR+R

* The environment will try to compile the
program

8-Oct-14 14
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Compilation Errors

» If you try to verify an empty application
you will get compilation errors

» The compiler will complain there is no
setup function and no loop function
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setup and loop functions

 When an Arduino program starts the
setup method is called to set up any
hardware

» Then the 1oop method is repeatedly called
to update the state of the embedded device

 This is performed by code in the Main
method (which calls these methods)
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The Arduino main function

int main(void)
{ setup();
for (55) {
loop();
}
return 0;
}

 This is a simplified version of the Arduino
main method that runs when the system
starts

8-Oct-14 17
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The Arduino main function

int main(void)
{ setup();
for (55) {
loop();
}
return 0;
}

 Call the setup method to set up the
hardware

8-Oct-14 18
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The Arduino main function

int main(void)
{ setup();
for (55) {
loop();
}
return 0;
}

» A for loop that runs for ever
— They could have written “while(true)”

8-Oct-14 19
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The Arduino main function

int main(void)
{ setup();
for (55) {
loop();
}
return 0;
}

» Call the loop method to update the
hardware

8-Oct-14
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The Arduino main function

int main(void)
{ setup();
for (55) {
loop();
}
return 0;
}

 This code is unreachable as the loop will
never end

8-Oct-14
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Making an Arduino program

void setup()

d
¥

void loop()

{
¥

 When we write an Arduino program we do it
by filling in the setup and the loop methods

8-Oct-14
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Making an Arduino program

void setup()

d
¥

void loop()

{
¥

 This is very similar to the way that games
work

8-Oct-14 23
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The led flasher setup method

// Pin 13 has an LED connected on most Arduino boards.

// give it a name:
int led = 13;

// the setup routine runs once when you press reset:

void setup() {
// initialize the digital pin as an output.
pinMode(led, OUTPUT);

¥

 This setup method configures pin 13 on
the Arduino device as an output

8-Oct-14 24
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Arduino Connections

e The Arduino standard
provides for a set of
connections

— Digital on/off signals

— Analogue signals

— Connections to other devices
(sensors, displays etc)

» These are arranged as two
sets of sockets on the device

* You can connect to the
microcontroller just by
pushing wires into the
sockets

Arduino Ouverview
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Arduino pin numbering

» Each of the pins on the Arduino is
numbered and the numbers map onto
those used in the programs that you write

* You can find the corresponding pins on
the different Arduino devices

» They are connected to the same ports on
the microcontroller
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Arduino and libraries

// Pin 13 has an LED connected on most Arduino boards.

// give it a name:
int led = 13;

// the setup routine runs once when you press reset:

void setup() {
// initialize the digital pin as an output.
pinMode(led, OUTPUT);

¥

* The pinMode method is part of the
input/output library that ships with the
Arduino SDK

8-Oct-14 27
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Language Reference

Arduino Libraries ="

Structure Variables Functions

e main parts: structure, values (variables and constants), and

 There are loads of
libraries shipped
with the Arduino

* You can find a language and a library
reference at:

http://arduino.cc/en/Reference/HomePage

8-Oct-14 28
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The led flasher loop method

void loop() {
digitalWrite(led, HIGH); // turn the LED on
delay(1000); // wait for a second
digitalWrite(led, LOW); // turn the LED off
delay(1000); // wait for a second
}

* The 1oop method flashes the led
—digitalWrite and delay are library methods

* The 1loop method is called repeatedly
when the device is running
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e sketch_oct08a | Arduino 1.0.5-r2 = =
File Edit Sketch |Tools Help

Selecting a device P& == _ -

Serial Monitor Ctrl+Shift+M
Board »| ® | Arduino Uno
Serial Port 4 Arduino Duemilanove w/ ATmega328

Arduino Diecimila or Duemilanove w/ ATmega168
Programmer 3
Arduino Nano w/ ATmega328
Burn Bootloader

Arduino Nano w/ ATmega168

» There are lots of
Arduino Mega (ATmega1280)
Arduino Leonardo

Arduino Esplora

Arduino compatible ey
devices

Arduino Ethernet

Arduino Fio

Arduino BT w/ ATmega328

Arduino BT w/ ATmega168

LityPad Arduinc USB

LilyPad Arduino w/ ATmega328

LilyPad Arduino w/ ATmega168

Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328
Arduino Pro er Pro Mini (5V, 16 MHz) w/ ATmega168

Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
t e O n e t at Ou are Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega168
Arduino NG or older w/ ATmega168

Arduino NG or older w/ ATmegad

Arduino Robot Control

using when you
deploy the program

8-Oct-14 30
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oo sketch_oct08a | Arduino 1.0.5-r2 = B
File Edit Sketch Tools Help
3 Auto Format Ctrl+T 2

Fix Encoding & Reload

Selecting a port

e The Arduino — i
connects to a serial g

port on your PC

* You need to select
the correct one

» PC, Mac and Linux devices work slightly
differently in this respect
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Flashing a LED with an Arduino
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Debugging with the Serial Port

Serial.begin(9600); // open in setup

Serial.println("Flash"); // use in 1loop

* You can use the serial port on the Arduino
to allow your program to send messages
back to you

8-Oct-14 33
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e sketch_oct08a | Arduino 1.0.5-r2 - o IES
File Edit Sketch Tools Help

Sample code =7 o

Sketchbook » A
Examples » 01.Basics ’
Close Ctrl+W 02.Digital »
Save Ctrl+S 03.Analog »
Save As... Ctrl+Shift+S 04.Communication »
o There are 10tS Of Upload Ctrl+U 05.Control »
Upload Using Programmer  Ctrl+Shift+U 06.Sensors »
Page Setup Ctrl+Shift+P 07'[_“5')'6), i
sample programs s BET N
09.USB ’
p p g Preferences Ctrl+Comma 10.StarterKit »
Quit Cl+Q ArduinolSP .

Adafruit_ NeoPixel *» >

e For some of them

EEPROM »

3 Esplora »

Ou Wlll need tO lu Ethernet »

y p g Firmata »

GSM »

[}

LiquidCrystal »

in extra hardware TR
Robot_Motor » oG

SD »

Servo ’

SoftwareSerial ’

SPI »

Stepper »

TFT »

WiFi »

Wire »

8-Oct-14 34
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Arduino Hardware Hacking

* You can make simple circuits using a
“pbreadboard” and some jumper cables

8-Oct-14 35
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\ Shop by N
! ) rduino All Categories v
% category ¥ @ 0 9 ™
Related: arduino uno  arduinomega arduino kit raspberry pi  arduino starter kit arduino temperature  arduino shield  arduino.
Categories —
Business, Office & Industrial All listings | Auction = Buy it now Sort: BestMatch ~ View: | i ~
(@.407)

United Kingdom - UK V| Postcode (&3

lts f i +| Follow thi: h
Electrical & Test Equipment 12,895 results for arduino ollow this searc|

(8.326)

* You can make
really interestin
things using
Arduinos

» There are tons o
cheap interfaces

Other Business & Industrial (127

[Sintron] UNO R3 Upgrade Kit with Motor LCD Servo Module for Arduino
AVR Starter

Hand Tools (33 £30.95
Industrial Supply/ MRO (33) Was: £35.95
Power Tools (14) BN

More v

Computers/Tablets & Networking

(2312)

Other Computing & Networking

Computer Components & Parts

(566

Laptop & Desktop Accessories

Printers, Scanners & Supplies (91)
Cables & Connectors (72)
More v

Books, Comics & Magazines

Non-Fiction (573)
Textbooks & Education (73)

Other Books, Comics, Magazines

Children’s & Young Adults (8)

More v

See all categories

Condition
[ New

s

@n £13.95 o FAST & FREE

Fiction (10) 15t Class ZBuytNow by ¥11:40.:0ct
Free Postage ey Premium Service

Free Postage

» 951 sold

newusting 1Pcs 1IC/12C Serial Interface Board Module For Arduino
LCD1602 LCD2004 Display

£0.85 1h left (Today 10:51)
8 bids From China
Free Postage

UNO R3 Arduino MEGA328P ATMEGA16U2 Development Board
Microcontroller + USB Cable

184 sold

UNO R3 2012 Development Board MEGA328P ATMEGA16U2 With USB

[ ]
available on the s
[ Not specified (17
£6.99
Price ZBuyithow

Internet

8-Oct-14 36
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Tags of Fun

* The Tag Reader that we
used at the Welcome
Party last week was
powered by an Ardunio

— Arduino Pro-Mini processor
— RFID tag reader

— SD card reader

— Colour LCD panel

8-Oct-14 37
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Tags of Fun

» It was surprisingly cheap to make:
— Arduino Pro-Mini processor £5.50

— RFID tag reader £5.00
— SD card reader £5.00
— Colour LCD panel £24.00 (oops)

 I've since found a place in China that does
LCD panels for around £3.00 .....
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Moving Things

 This stepper motor and driver board costs
£1.50 from China

 You can control the movement of the
motor output very precisely

8-Oct-14 39
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Connected Things

* For around £5.00
(there’s that price
again) you can get a

Bluetooth adapter

» This lets you connect your Arduino devices
to Smartphones and PCs very easily

 You can also use WiFi and 2.6 GHz devices

8-Oct-14 40
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Connected Applications

M 320

e I'm using the Bluetooth
adapter on the device to talk
to my Windows Phone

e That means that I can now
create mobile, connected
systems that I can carry
round in my pocket

« Which is rather nice

light control
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Resources

* Arduino site:
arduino.cc

* C4DI Arduino pages:
www.robmiles.com/arduino

 These slides:
www.ratherusefulseminars.com



Rather (Jseful Seminars N % ™ Hull

Also available....

www.robmiles.com



