Embedded Programming with Arduino
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* What is embedded programming?

e Arduino Systems

» Arduino Boards and Atmel processors
* The Arduino IDE System

* Writing your first sketch

* Blink

* Digital output & PWM

* Digital input

§9 Fablab
Getting Started with Arduino
Rodney Dorville
"
Summary (y9 Fablab
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Embedded Programming &2 fablab

A dedicated computer system with a dedicated
function within a larger system to perform a
specific task. E.g. smart TVs, ovens

. After development with the Uno, the circuit
could be reduced to a single IC with support
devices.

Ref: MatrixSynth — ATMega328 synthesizer

B
What is an Arduino? (g9 Fablab

* An Arduino System comprises of

o Software & Software Tools
% Integrated Development System (IDE)
% Arduino programming language (C++ like) based on Wiring
< Development & Debugging tool based on Processing
% Software libraries (open source contributions)

o Hardware
< ATMel processor board
< Shields (Add-on modules)
% Sensors, actuators, peripherals

* Open Source Platform

Ref: Open Source Software
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Arduino Systems (@9 Fablab

- A hardware and software company based in
Italy

Initial development — software (based on
Wiring) and later hardware boards (Atmel
based)

Produces and markets “official” boards: Uno,
Due, Leonardo, Diecimila, Mega, Nano

- Software and hardware is open source.
Y+olvi-]

Genuino
ARDUINO

N,
Why use Arduino? (¥g Fablab

* Inexpensive (cost < $30)

* Cross-platform (Mac, Linux, Windows)

 Simple, clear programming environments using a
GUI

* Open source

EW-UNQ R3 ATmega328P CH340 Mini USB

Youd better to choose arduino
into the board. Plug UNO deve
be automatically installed. sele
die. Select the COM p...

Ref: Arduino - Why use Arduino?
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Arduino Uno @9 Fablab

* Most common microcontroller board to begin
Arduino projects.

* Uses a Atmel Atmega328P processor with a
separate programmable interface using another
Atmel processor and USB.

* Has sockets for interfacing
and power.

N
Programming with Arduino IDE 2 S

* The Uno uses a bootloader (2K code) which allows
programming through the USB or FTDI interface.
o When processor starts up
o Loads and runs bootloader

o If there is a programming command from the serial
interface (USB or FTDI)

o Loads the program that you are sending via USB/FTDI
o Else runs the last loaded program.

* Bootloader and USB interface makes your work so
much easier.




Embedded Programming with Arduino

rd/1.1

B
Using the Arduino IDE (g9 Fablab

* Write your code

* Compile
* Upload to UNO board B o o e o, b fr onm e
* Press RESET button T
* Observe results

Write(13, LoW):
delay (1000);

Arduine Uno on /devittyACM1

Variations of the UNO (y9 Fablab
» Being open-source, there are many variations.

* Programming and usage are basically the same with
some minor variations.

* All boards use the ATMega328P processor (may be in
different formats)

* All boards have the same I/O pins
* Difference is in $ScostSS




Embedded Programming with Arduino

rd/1.1

B,
Arduino IDE Software (o Fablab

* Download and install the latest versions from the
Arduino site.

* Current version 1.8.2
* Available in different platforms

* Copious help and how-tos available with simple
search

Windows installer
Windows zip file for non admin install

ARDUINO 1.6.9

The open-source Arduino Software (IDE) makes it easy to Mac OS X107 Lion of newer
write code and upload it to the board. It runs on

Windows, Mac OS X, and Linux. The environment is Li )
written in Java and based on Processing and other open- .nux 32bits
source software. Linux 64 bits

This software can be used with any Arduino board Linux ARM (experimental)
Refer to the Getting Started page for Installation
instructions Release Notes

Source Code

Checksums.

B
UNO board drivers (g9 Fablab

* Sometimes drivers to be installed.
o Original Arduino boards use the FTDI drivers,

o OEM boards use the cheaper CH340 drivers, which need
to be installed.

* Plenty of help using Google

FTDI USB/Serial chip CH340G USB/Serial chip
(original)

nnnnnnnnnnn

Ref: How to install

Cheap China Arduinos
that come with

theCH340G/341G
Serial/USB chip
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Using the Arduino IDE

* You need to connect
your UNO board to the
host computer.

Launch the Arduino IDE
Setup the IDE

Select the correct board
that you are using
(Tools>Board)

2 Fablab

GARORE BOLVT

sketch_jun20a | Arduino 1.6.9
it_Sketch [ERE Help

Auto Format

Archive Sketch

Fix Encoding & Reload
Serial Monitor

- oIl

Ctri+T I

Ctri+Shift+M |

Serial Plotter Ctrl+Shift+L
Board: "Arduino/Genuino Uno” LAl
‘:fp_‘_) Port ¥ Serial ports
put you
Get Board Info com4
Programmer: "ArduinolSP* 3

Burn Bootloader

Identify and check the port the board is

connected to (Tools > Serial Port > (select the

COM port))

Test a Sample program

* Load the example
program “Blink”.

* Programs are called
Sketches.

* Verify/Compile the
program

* Upload

* Program executes after
loading

CAPORE POLYT

2 Fablab

©®  sketchjun20a|Arduino 169  — O
|File| Edit Sketch Tools Help
New ctleN [5]
Open. ctri=0 -
Open Recent =
Sketchbook gl
Examples ¥ Built-in Examples
Close ctrisw 01.8asics AnalogReadSerial
Save ctiss 02Digital BareMinimum
SaveAs.  CtlshiftsS |  03Analog Blink
04Communication " DigitalReadSerial

Page Setup  Ctrl+Shift+P
Print Cul+p

05.Control
06.Sensors

Fade
ReadAnalogVoltage

‘ sketch_jun20a | Arduino 1.6.9 - O ‘
|

File Edit ‘ Sketch| Tools Help
Verify/Compile
Upload

Export compiled Binary

i)y Show Sketch Folder
Include Library
Add File..

crri+R = B
Ctrl+U =
>
Upload Using Programmer Ctrl+Shift+U :
~
|

Ctri+Alt+5

Ctri+K

Upload with programmer is only used

with an ISP circuit
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UNO board interfaces (o Fablab

Reference 5V
for A/D

Digital Input/Output -
~ denotes PWM Serial
capabilities TX/RX

re R LED connected
to PIN 13

DIGITAL (PWM~)

UsB
interface [

ISP interface
for ATMega328

Power socket [§
5-12V input

Power outputs | Analog Inputs
Interrupt pins

N
The ARDUINO program ggfabiab

sketch_jun20a

1 (void setup() | P
2 // put your 3etup code here, CO run once:

411

:Z wvoid locp() m

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

ERS!

* Called a Sketch (extension .ino)

* Code in the setup function is executed at the start and only
once.

* Code in the loop function is executed continually after
setup() is run.
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o
setup() (o Fablab

* Executed only ONCE after each powerup or reset of
the UNO.

* UNO is automatically reset after each successful
sketch upload

* Place
o Initialization code here
o Initialize your variables
o Initialise your 1/0 pins here

* Tip: use identifiers to name your I/0 pins, it makes
programming much easier

loop!() 9 Fablab

* After execution of the setup() function, the loop()
function is executed.

* Loops infinitely, executing the code within the loop.

* Place your code/program within this function
(there is no STOPping this code)

* Arduino code is based on C++.

* Follow good C++ programming habits:
o Use comments (// or /* .. */)
o Indent your code
o Use UPPERcase to denote constants or defines
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Digital Input/Output o Fablab

» ATMega328 has 14 digital input/output ports.
* Digital values (1 =5V, 0=0V)

* Some of these ports are multifunctional, depending
on how they are initialised.

* They can perform as
o Digital inputs (defaults)
o Digital outputs
o Pulse-width modulation outputs

* Arduino provides useful library functions for these
purposes, simplifying programming.

Arduino pin mapping

2 Fablab

Atmega168 Pin Mapping

Arduino function Arduino function
reset (PCINT14/RESET) PC6[]r ™~ =[] PC5 (ADCS/SCL/PCINT13) analog input 5
digital pin 0 (RX (PCINT16/RXD) PDO]2 21] PC4 (ADC4/SDA/PCINT12) ane nput 4
digital pin 1 (TX) (PCINT17/TX0) PD1 [ 260" PC3 (ADC3/PCINT 11) a input 3
digital pin 2 (PCINT18ANTO) PD2]+ =[] PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM)_ (PCINT19/0C2B/ANT1) PD3[]s 24[7) PC1 (ADC1/PCINT9)

digital pin 4 (PCINT20/XCK/T0) PD4 ({6 217] PCO (ADCO/PCINTS)

Ve veeryy 211 GND

GND GND[Je 1] AREF

crystal {PCINTE/XTAL1/TOSC1) PB6 e 20l AVCC

o I {PCINTZ/XTAL2/TOSC?2) PB7[]}
digital pin 5 (PWM) (PCINT21/0C0B/T1) PDS "

s

9] PB5 (SCK/PCINTS)
s{] PB4 (MISO/PCINT4)

digital pin 6 (PWM)  (PCINT22/0OCOAfAINQ) PD6[]12 171] PB3 (MOSIOC2A/PCINT3) digital pin 11
digital pin 7 (PCINT23/AINT) PD7[]1s 18] PB2 (SSIOCIBPCINT2)  digital pin 10
digital pin 8 (PCINTO/ICLKOACP1) PBO [}« 15]] PB1 (OC1A/PCINT 1) digital pin 9 (PWM)

Ref: Arduino - ATmega328 Pin Mapping

10
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LEGEND
GND
CONTROL
PORT PIN
ATMEGA3Z8 PIN FUNC |
DIGITAL PIN

RESET — PCINTS | PC6 —=
B rovss 00—
- o o
EB- vo — pONTIS — PD2 —e
oczs —{MEHIER- w1~ PONTI i PD3 e

o —fl- xx — PCNT20 — PDa s

-

Lo o

0SC1 — XTALL —{ PCINTE | PBE —e

05€2 — XTALZ — PCINT? — PBT —e

ocos —[NPWMNE- T — Powtat —PDsbe
ocor IR avo  —{ pant2z o6

EE- »m — pownta —po7 —
et - k0 — PCNTO —PBO —e

Tip: Use the BROWN

identifiers for your
Arduino sketch

@ Fablab

Arduino pin mapping

oA
ARDUINO
&
ATMEGA328
PINOUT DIAGRAM

o res - sonrs - S-S
o pes — e RS-
o pc3 — ponru —NGEN-TT0
o pc2 — pontio —{OGENED
o pa — ponts NG
o pco — pints —{GcoNIT0

&
2
o
wl
=
<

o 85 — ponts — (SO0
i ros — pcws SO0
o pe3— ponts — ocea  —{ETR- AW IINGEN
o—pB2 — PNz — ocis —ECR PWM T~ ss
o—pet — pant — oca —EN-{PRMD

i ’(.T(.Y
29 AN 2013

Ref: Pighxxx ATMeqga328 Pinout

@ Fablab

GAPORE POLYTEC

Digital Output

* pinmode()

Initialise digital pin 13 to

be a output port

* Repeat

o digitalWrite()
Turn ON the LED

o delay()
Wait 1 second

a Turn OFF the LED
o Wait 1 second

e Arduino Programming
reference

blink.ino &

e L R

1 &y A

oo

void setup() {
pinMode (13, OUIFUT):
1

void loopl) |
digitalWrite (13, 1);
delay {1000} ;
digitelWrite (13, 0)-
delay (1000} ;

_:

Colour coding helps in recognizing
in-built functions, reserved words,

values

11
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Using identifiers

* Name the ports that
you use, it makes it
easier to change,

configure, understand.

* Examine the following
code.

o How do | change the
port from 13 to 4?

o How do | change the
delay to 0.5sec ?

UNO Port 13 is wired to a LED,
useful for testing!

8 void loop() {
digitalWrite (LED, 1)-
delay (DELAY) ;
digitalWrite (LED, 0);
delay (DELAY) ;

2 Fablab

void setup() |
pinMode (LED

}

}

const int LED = 13;
const int DELAY = 1000;

, OUTEUT):

Adding an external LED

2 Fablab

----------------------------
ooooooooooooooo

1x
1x
2X

LED
220 ohm R
Wires

LED anode is connected

to PD8

12
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plnMOde(pln; MODE) Ref: Arduinot!‘%n‘l':l\%abél‘;?p

* Configures specified pin to behave either as in
input or an output.

* Modes available:

a INPUT
digital input mode (high-impedance state)

a INPUT_PULLUP
digital input mode with internal 20K~50K ohm pull-up
resistor

o OUTPUT
digital output mode
able to source up to 40mA per pin, total of 200mA per
chip

B
Output — Driving an LED (y9 Fablab

* An LED lights up if correct voltage levels ey
are applied to the pins. o
However, if this is connected to a 5V Ve N
source and ground, there would be a
short-circuit when the LED conducts.

* When the LED conducts (lights up), there is
a voltage drop of about 1.8V~3.3V. R1 g

* Hence, we place a current limiting resistor 2V
in series with the LED. —_—

* Using Ohm'’s law, voltage across resistor is
V=5.0 - 2.0 (approx), and to limit | to 10mA, AV ‘
V=I*R ¥ LED
R=V /1 =3.0/10mA =300 ohm

* Hence, with digitalWrite(LED, 1), the pin
LED will only source a max of 10mA, within ov
the range of the microcontroller ~ .-
specifications. GND

Ref: Current Limiting Resistor calculator

13
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Digital input (9 Fablab

* We can read digital inputs using the pins.

* This is done by connecting a switch to a limiting resistor and monitoring

the status.
vec VCC

Current limiting resistor 10K
Limits current to 0.5mA

R3'
10K
D
Switch OFF, PIN2=0 Switch OFF, PIN3=1
Switch ON, PIN2=1 Switch ON, PIN3=0

N
Read Switch display status on LED (¢ Fablab

cn3t int LED = 13;
const int SW = 3;
cn3t int DELAY = 100;

wvoid setup() |
pinMode (LED, OUTPUT):
pinMode (SW, INPUT):
&}

G- T B O T

10 |void loop() {

11 int status = digitalRead(SW):
12 if (status == 1)

13 digitalWrite (LED, 1);

4 elge

15 digitalWrite (LED, 0);

14
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Adding an input switch

2 Fablab

P wnnveenseosiilivvevelveagmgerny
LED b n Push Button Switch
SerTnrocrazicunamge sy seic]s
—" ")

crnes sesfe ssafo seshe sessl Switch is added with
10K pull-up resistor.

@
Normal reading = HIGH

.0 O Pressed = LOW

Input is read using PD7

Using internal pull-up

2 Fablab

* We can also use the internal pull-up resistors.

Only need external switch.

| S S S q

1

1

]

Jnterral Pull-up :
! RE" = :
]

[}

[}

[}

10K S

const int LED = 13;
2 conat int SW = 37
nat int DELAY = 100;

setup() {
pinMode (LED, OUTEUT):
pinMode (SW, INFUI_PULLUF); // enable

// internal pullup

Ref: YouTube - Arduino Internal Pull-up

15
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Serial mode debugging

* Arduino systems have a unique method of
troubleshooting by using the Serial Interface.

* UNO uses pins 0 and 1 for serial receive and
transmit via the USB interface.

* We need to
o Set the Serial Port to use

a Turn on the Serial Monitor

o Set the baud (TX/RX rate)

blinkino | Arduino 1.6.9 - B8
h Tools| Help
Auto Format cu+T
T Avchive Sketeh
Eit Enclig £ Relcc
Serial Monitor Ctrl+Shift=M
)| Serarpiotter [SuEi
u
Board: “Ard Uno® »
Port: "COM3 (Arduino/Gentino Uno)* D

GeTBoard o
time

Programmer: “ArduinolSP" Plo low

Burn Bootloader

Serial mode test

* Initialise the serial port
o Serial.begin(<baud rate>)
o Typical: 9600 or 57600
this is the speed of the link
* Send data to serial port
o Serial.print()
o Serial.printin()
o If you see garbage then your
speed is set incorrectly

* Example shows how a
message and numbers 1to 5
are output to the serial
monitor.

CAPORE POLYT

2 Fablab

serialio

1

veid setup{) |

9600) ¢
n("Welcome!™);

S al.l

& void lecp() []

Serial.print("Count = ");

for (int i=0; i < 5; +1i)|
i+l)r

Serial.println();

COM3 (Arduino/Genuino Uno) — & “
send
Count =1 2345 2
[Count =1 2345
v
[¥] Autoscroll Mo line ending v 9600 baud

16
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Problems with reading mechanical swﬁélgsl:qbl'ab

* A switch is a mechanical device, when pressed, it creates transients
(bouncing), which causes incorrect states to be read.

: Correct reading if
i 7 done here after a
5] ‘ ! delay
. o ipiy BN
Possible erffors if reading is | ! ‘ (L]
. (e || ]
done at th@ arrow points : P | Pk
— -+ — = 94 Y+ —=T—= +F =1= 4
| =4 I
Real-time waveform
when reading a switch
|
AX = 2.600ms J1/AX = 384.62Hz Jlavcyy = 275V

Ref: Wikipedia - Switch

Can use software to “debounce” i.e. remove
the bouncing effects of the switch

B,
Debounce code (yo Fablab

* We can correct the error by reading the switch (again) after a short
delay (e.g. 25 ms)
This correction is called debouncing.

Embed:
Video: Android Button Tutorial How to debounce a button using an
Arduino Uno or Mega

Video: YouTube Arduino Button Tutorial

17
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GAPORE POLVIECHNIC

Counting switch presses

* Counts the number of times a switch is pressed, after 10 counts, the LED

is lit up.
Serial interface helps in showing us that the code is working correctly

* Algorithm
Initialise pins, serial, led
Loop
count =0

while count <> 10 do
if switch goes from LOW to HIGH then
increment count
display count using serial
switch off LED
endif
end-while
light up LED
end-loop

Convert the code into an Arduino sketch and test it!

Ref: Arduino - debounce

GAPORE POLYTECHNIE

§o Fabla

debounce

switch-debounce § e e [devicu.usbmodem1411 (Arduino/Gendino Uno)
Send

8 void setup() {
vde{LED, OUTPUT); T
(SW, INPUT_PULLUPY; Sem

begin(9660);

digital (LED, LOW); s |
Serial 1n("Ready™); };s |
I void loep() {
if(debounce(swState) == HIGH && swState = LOW) {
// SW was pressed
++pressed;
Serial .println(pressed); 18 Autoscroll Nolineending [  9600baud [
swState = HIGH;]
}
else if (debounce(swState) == LOW 3& swState == HIGH) {
// SN was released Debounce code prevents
26 State = LOW; . . .
7oy multiple reading of the switch
28 if (pressed == 18) { i i
o Il L e making e_ac_:h switch press
react positively

}

tate){
talRead(SW);
{

solean debounce(boolean

boolean stateNow

if (state != state
delay(5);
stateNow = digitalRead(SW);

return stateNow;

18
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* Has 8 LEDs arrange to form a digit with a dot.

* Lighting up individual segments will form the digit.

* Alphanumeric display (A..F) is possible with programming.
* Two varieties — common anode or common cathode.

* Remember to use current limiting resistors or pull-up
resistors with each segment.

A — E
B — F
a4aGu» —c
—oav®
LAz037 D —
Example: -.
To light up the digit 1 — - -
D=0,C=1,B=1,A=0 U | o o o | o i [ )
Ref: Electronic Tutorials - 7 segment LED
Rd/v1.0 Input Output Interfacing 37

B,
Common Cathode 7seg (¢ Fablab

* The common pin is a Cathode.
* Apply +V to light up segments

Commeon Cathode

g f 6nd a b
0 [ i Y e A

e |
. q
I

3 Gnd

]

rd/1.1
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Wiring up a 7/ segment

@ FablLab

SINGABORE ROLYTECHNIC

7 segment Common
Cathode

B I T I sesseene
o e L] s« e e
. hJ LU B
Seven Segment code g 0

id loop() {
// continously running numbers
asegdisplay (ent) ;|
cnt = {cnt + 1) % 10; // restart if necessary

nt cnt = 0;

void setup() {
pinMode {ssh,

pinMode {ssE,
< {aaF,
pinMode (336G,

[

MR RN

DELAY=250;
33eg[]

B1111111,B1101111 }»

OUTPUT) ;
OUTEUT) »
TPUT
TP

CUTEUT) ;

= {B1000000,B0000110,B1011011,B1001111,
B1100110,B1101101,B1111101,B0000111,

delay (DELRY) ;

void ssegdisplay(int num){

sseg[num] ss 0x01);
(3seg[num] >> 1)ss 0x01):
(sseg[num] >> 2) sz 0x01);
(ssegmum] >> 3) ss 0x01);
(sseg[num] >> 4) s 0x01);
(sseg[num] >> 5) ss 0x01);
(sseg[num] >> €) && 0x0L);

Rd/v1.0

This code uses 7 digitial I/0 lines.
Can you think of ways of reducing
the number of I/0O lines used?

Input Output Interfacing 40

20
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Getting Started with
Arduino

Rodney Dorville

2 Fablab
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