I Introduction to Microcontrollers
I Using Arduino




Objectives

* Know
* Learn the capabillities of a microcontroller
* Understand how microcontroller



Objectives

* Learn how to program a microcontroller

using Arduino
— Configure a pin (Input, Output, Analog,
PWM)
— Write Output State
— Read Input State
— Read Analog Input
— Use PWM




Microcontrollers

* History of Microcontrollers

- 1971
* Intel 4004 was released

* Followed by 8008 and then 8080

- 1975

* Intel 8048 was released
* Intel President,




Microcontrollers

* History of Microcontrollers
- 1976

« 780
* Gameboy, Tl Calculators
- 1979
* Decided to shift to embedded
space
* Introduced Z8




Microcontrollers

* History of Microcontrollers

- 1993

* Microchip

* PIC16x84 was released

* First with EEPROM program
memory

- 1993

* Atmel
* First microcontroller with Flash
memory




Microcontrollers

* History of Microcontrollers

- At present
* Several companies followed the
use of




Microcontrollers

* Abstract Definition
- An IC (Integrated Circuit)
- Configurable Pins
- Programmable Function

- With Built-in Memory
* RAM
* ROM




I Microcontrollers

* Abstract Definition
- An IC (Integrated Circuit)
- Configurable Pins
- Programmable Function
- With Built-in Memory

* RAM
* ROM
- Has Built-in Peripherals
* Timer
* ADC
* UART/SPI/12C
* PWM
* Comparators




Popular Microcontrollers

* PIC16F84a
- Developed by Microchip
- Widely used by hobbyist in the late 90’s
- Very basic function
- Later replaced by pin compatible PIC16F628a




Popular Microcontrollers

* PIC16F8/77a
- Developed by Microchip
- Greater pin count than PIC16F84a
- Has ADC, PWM, UART
- and Is




Popular Microcontrollers

* PIC18F2550
- Developed by Microchip

- Used on Pinguino (Arduino equivalent for PIC)




Popular Microcontrollers

* AtMegal68

- Developed by Atmel
- Widely used




Atmegalo8

* Microcontroller Developed by Atmel
* 28pins
* 16Kbytes Flash Memory

* “Self-Programmable”



Atmegal6s

Atmegal68 Pin Mapping

(PCINT14/RESET) PC6 ]
(PCINT16/RXD) PDO]:
(PCINT17/TXD) PD1 s
(PCINT18/NTO) PD2[J+

(PCINT19/0C2B/NT1) PD3 []s

28] PCS (ADCS/SCL/PCINT13)
27§ PC4 (ADC4/SDA/PCINT12)
26§71 PC3 (ADC3/PCINT11)

2501 PC2 (ADC2/PCINT10)

241 PC1 (ADG1/PCINTY)

(PCINT20/XCE/TO) FD4 )5 23l ] PCO (ADCO/PCINTSE)
vCC 7 21 GND
GND [} 21 ] AREF
(PCINTE/XTAL1/TOSC1) PBEL)S 200 ] AVCC

(PCINTZ/XTAL2/TOSC2) PBT 10
{PCINT21/OCO0BIT1) PDS[n
(PCINT22/OC0OAJAIND) PD&[]12
(PCINTZ23/4IN1) PD7 s
(PCINTO/CLKOACP1) PBO 12

190 ] PB5 (SCK/PCINTS)

16 ] PB4 (MISO/PCINT4)

17 ] PB3 (MOSIfOC2A/PCINT3)
16] ] PB2 (SS/IOC1BPCINTZ)

150 ] PB1 (OC1APCINT1)



Atmegalo8

Atmegal68 Pin Mapping

(PCINT14/RESET) PCs ]
(PCINT16/MXD) PDOC]z

28 | PC5 (ADCS/SCL/PCINT13)
27] | PC4 (ADC4/SDAPCINT2)

(PCINT17/TXD) PD1[]s
(PCINT18/NTO) PD2[ ]+
(PCINT19/0C2B/INT 1) PO3 s
(PCINT20/XCK/TO) PD4 s

260 ] PC3 (ADC3/PCINT11)
zf ] PC2 (ADC2/PCINT10)
247 PC1 (ADC1/PCINTS)
23] PCO (ADCO/PCINTS)

(PCINTE/XTAL1/TOSC1) PBELYs
(PCINT7/XTAL2ZTOSC2) PBT L]0
(PCINT21/0COBIT1) PDSn
(PCINT22/OCOA/AING) PDE ]2
(PCINT23/AIN1) PD7 s
(PCINTO/CLKOACP1) PBO 14

18§ 1 PB5 (SCK/PCINTS)

16}"] PB4 (MISO/PCINT4)

171] PB3 (MOSI/OC2A/PCINTS)
168] PB2 (SS/OC1BPCINTZ)
1501 PB1 (OC1APCINT1)



Atmegalo8

Atmegal68 Pin Mapping

(PCINT14/RESET) FC8L]
(PCINT16/RXD) PDOLC]2
(PCINT17/TXD) PD1 ]
(PCINT18/ANTO) PD2 ]+

(PCINT19/0C2B/INT1) PD3[]s

28] | PC5 (ADCSSCL/PCINT13)
27| PC4 (ADCA4/SDAMPCINT1Z2)
260 ] PC3 (ADC3/PCINT11)

zf ] PC2 (ADC2/PCINT10)

247 PC1 (ADC1/PCINTS)

(PCINT20/XCEITO) FD4 )8 230 ] PCO (ADCO/PCINTS)
vCC 7 2 1GND
GMND[je 1L AREF
(PCINTEXTAL1/FOSC1) PBEL]S 20l ] AVCC
(PCIN OSC2) PETQw 18] PBS (SCK/PCINTS)

(PCINT21/0COBIT1) PDSn
(PCINT22/OCOA/AING) PDE ]2
(PCINT23/AIN1) PD7 s
(PCINTO/CLKOACP1) PBO 14

16}"] PB4 (MISO/PCINT4)
171] PB3 (MOSI/OC2A/PCINTS)
168] PB2 (SS/OC1BPCINTZ)
1501 PB1 (OC1APCINT1)



Atmegalo8

Atmegal68 Pin Mapping

(PCINT14 PCaL]
(PCINT18/RXD) PDO ]2
(PCINT17/TXD) PD1 s
(PCINT18/NTO) PD2}+

(PCINT19/0C2B/INT1) PD3 s

28] | PC5 (ADCSSCL/PCINT13)
27| PC4 (ADCA4/SDAMPCINT1Z2)
260 ] PC3 (ADC3/PCINT11)

zf ] PC2 (ADC2/PCINT10)

247 PC1 (ADC1/PCINTS)

(PCINT20/XCEITO) FD4 )8 230 ] PCO (ADCO/PCINTS)
vCC )7 2 1GND
GND [} 2] AREF
(PCINTE&/XTAL1/TOSC1) PBEL]S 20l ] AVCC

(PCINT7/XTAL2ZTOSC2) PBT L]0
(PCINT21/0COBIT1) PDSn
(PCINT22/OCOA/AING) PDE ]2
(PCINT23/AIN1) PD7 s
(PCINTO/CLKOACP1) PBO 14

18§ 1 PB5 (SCK/PCINTS)
16}"] PB4 (MISO/PCINT4)

171] PB3 (MOSI/OC2A/PCINTS)
168] PB2 (SS/OC1BPCINTZ)
1501 PB1 (OC1APCINT1)



Atmegalo8

Atmegal68 Pin Mapping

(PCINT14/RESET : PCSYEADCS/SCL/PCINT13)
(PCINT16/MR XD : PCAYADCASSDAPCINTA1Z2)
(PCINT17/TXD PCIJADC3/PCINT11)

PC2JADC2/PCINT10)
PC1JADG1/PCINTY)
PCOJADCOPCINTE)

(PCINT12/0C2B/INT1
(PCINT20/XCK/TO

211 ] AREF
(PCINT&/XTAL1/TOSCA l 2] AVCC
(PCINT7/XTAL2/TOSC2 ' PBONSCK/PCINTS)

{PCINT21/0CO0B/T1 PB4EMISO/PCINTA)
(PCINT22/OCO0AAIND PB3gMOSIFOC2A/PCINTI)

(PCINT23/AINT
(PCINTO/CLKOACP1

PB2JSS/OC1B/PCINTZ)
PB1JOC1A/PCINT1)



Atmegalo8

Atmegal68 Pin Mapping

(PCINT14/RESET) FC8L]
(PCINT16/RXD) PDOLC]2
(PCINT17/TXD) PD1 ]
(PCINT18/ANTO) PD2 ]+

(PCINT19/0C2B/INT1) PD3[]s

(PCINT20/XCK/TO) PD4 s

CL/PCINT13)

(PCINTB/XTAL1/TOSC1) PBB]s
(PCINT7/XTAL2/TOSC2) PBT 0 19} ] PB5 (SCK/PCINTS)
(PCINT21/0C0BIT1) PDS ] 16} ] PB4 (MISO/PCINT4)
(PCINT22/0COA/AING) PD6E 12 171] PB3 (MOSI/OC2A/PCINTS)
(PCINT23/AIN1) PD7 s 161 ] PB2 (SS/OC1B/PCINT2)

(PCINTOMCLKOACP1) PBOJ14 150 ] PB1 (OC1APCINT1)



Atmegalo8

Atmegal68 Pin Mapping

28] | PC5 (ADCSSCL/PCINT13)
27| PC4 (ADCA4/SDAMPCINT1Z2)
260 ] PC3 (ADC3/PCINT11)

zf ] PC2 (ADC2/PCINT10)

247 PC1 (ADC1/PCINTS)

23] PCO (ADCO/PCINTS)

(PCINT14/RESET) PCEL]"

2] GND
21 1 AREF
{(PCINTE/XTAL1/TOSC1) PBE s 2] AVCC
(PCINT7/XTAL2/TOSC2) PBET 10 190 ] PB5 (SCK/PCINTS)
(PCINT21/0C0B/T1) PD5 [ 18] ] PB4 (MISO/PCINT4)
(PCINTZ22/OCOASAING) PD& 12 171 PB3 (MOSI/OC2A/PCINTS)
(PCINT23/AIN1) PO7 ]2 161 ] PB2 (SS/OC1BPCINTZ)

(PCINTOMCLKOACP1) PBOJ14 150 ] PB1 (OC1APCINT1)



* AtMegal68




Basic Setup

* Breadboard
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Basic Setup




Basic Setup




Basic Setup

* Crystal Oscillator




Basic Setup

* Crystal Oscillator




Basic Setup

* Resonator Bypass




Basic Setup

* Resonator Bypass




* Reset Pullup

Basic Setup

o B



Basic Setup

* Reset Pullup




Basic Setup

* Filter Capacitor




Basic Setup

* Filter Capacitor




Basic Setup

* Bypass Capacitor




Basic Setup

* Bypass Capacitor




Basic Setup

* Reset Switch




Basic Setup

* Reset Switch




Basic Setup

* ADC Supply




Atmegalos

* Specifications
- Pins
* 23 General Purpose I10s

Atmega168 Pin Mapping

(PCINT14/RESET) PCEL]t
(PCINT16/RXD) PDOL]:
(PCINT17/TXD) PD1]3
(PGINT18/INTQ) PD2C}s

28] ] PC5 (ADCS/SCL/PCINT13)
27 ] PC4 (ADCA/SDA/PCINT12)
261 PC3 (ADC3/PCINT11)
2511 PC2 (ADC2/PCINT10)
(PCINT19/0C2B/INT1) PD3]s 24 PC1 (ADC1/PCINTS)
(PCINT20/XCK/TO) PD4 s 23171 PCO (ADCO/PCINT8)
veeyr 22 ] GND
GND e 21 AREF
(PCINTE/XTAL1/TOSC1) PBE o 200 AVCC
(PCINTZ/XTALZ/TOSC2) PB7 10 191 PBS (SCK/PCINTS)
(PCINT21/0COBIT1) PD5 18] PB4 (MISO/PCINT4)
(PCINT22/0COAJAING) PDE[]12 17 PB3 (MOSI/OC2A/PCINT3)
(PCINT23/AIN1) PD7T ] 16[] PB2 (SS/0C1B/PCINTZ2)
(PCINTO/CLKO/CP1) PBO1+ 151 PB1 (OC1A/PCINTA)



Outputs




Outputs
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Outputs




Outputs
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Inputs




Inputs
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Inputs
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Atmegalos

* Specifications
- Pins
* 23 General Purpose I10s
* 6 Channel 10bit ADC

Atmega168 Pin Mapping

(PCINT14/RESET) PCBL]
(PCINT16/RXD) PDO]e
(PCINT17/TXD) PD1CJ3
(PCINT18/INTO) PD2C}+

28] ] PC5 (ADCS/SCL/PCINT13)
27 ] PC4 (ADCA/SDA/PCINT12)
2611 PC3 (ADC3/PCINT11)
2511 PC2 (ADC2/PCINT10)
(PCINT19/0C2B/INT1) PD3]s 24 PC1 (ADC1/PCINTS)
(PCINT20/XCK/TO) PD4 s 23171 PCO (ADCO/PCINT8)
veeyr 22 ] GND
GND e 21 AREF
(PCINTE/XTAL1/TOSC1) PBE o 200 AVCC
(PCINTZ/XTALZ/TOSC2) PB7 10 191 PBS (SCK/PCINTS)
(PCINT21/0COBIT1) PD5 18] PB4 (MISO/PCINT4)
(PCINT22/0COAJAING) PDE[]12 17 PB3 (MOSI/OC2A/PCINT3)
(PCINT23/AIN1) PD7T ] 16[] PB2 (SS/0C1B/PCINTZ2)
(PCINTO/CLKO/CP1) PBO14 151 PB1 (OC1A/PCINTA)
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ADC
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Atmegalos

* Specifications
- Pins
* 23 General Purpose I0s
* 6 Channel 10bit ADC Aimegatos P Heppine

(PCINT14/RESET) PCELY 28] PCS (ADCS/SCL/PCINT13)

¢ 6 PW M C h I (PCINT16/RXD) PDOC]2 271 PC4 (ADC4/SDA/PCINT12)
an n e S (PCINT17/TXD) PD1[]3

211 PC3 (ADC3/PCINT11)
(PCINT18/INTO) PD2C]*

25} PC2 (ADC2/PCINT10)
(PCINT19/0C2B/INT1) PD3L]s

247 PC1 (ADC1/PCINTS)
(PCINT20/XCK/TO) PD4 s 23171 PCO (ADCO/PCINT8)

" " " vocoolr 2 GND

- With Built-in Memor
(PCINTE/XTAL1/TOSC1) PBE9 200 AVCC
(PCINTZ/XTALZTOSC2) PET 0 18] PB5 (SCK/PCINTS)

¢ 1 6 K Bytes R O M (PCINT21/0COB/T1) PDS " 18§] PB4 (MISO/PCINT4)

(PCINT22/0COA/AINO) PD& ]2 1711 PB3 (MOSI/OC2A/PCINT3)

* 1 KBytes RAM S o
* 512 Bytes EEPROM




CPU

Data 8-bits

S

Address 12-bits

Program
and
Data

Memory

The given bus widths are examples only!




Program 14-bits Data 3-bits
“——> Data

Address 12-bifs CPU Address S-bits Memgr?

Program
Memory

The given bus widths are examgles only!




Programming Basic

* Challenge |
- Instruct the robot to draw a
sguare starting from the
left side of the paper.



Programming Basic

* Challenge Il
- Instruct the robot to draw that same square
mentioned on Challenge |



Programming Basic

* Challenge Il
- Instruct the robot to draw that same square for
sets 10 pieces of paper forever ...



I How MCU Execute Instructions

I * Pipeline



Who I1s Arduino?




What is Arduino

* A project which began in (Italy) in 2005

* device for controlling student-built

Interaction design
— less expensive
— more modern
— than what is avallable
— Basic Stamp



What is Arduino

* Open Source Hardware
—Based on

* Open Source Software
—Based on

* Multi-patform

* Programmed via USB



What is Arduino

* named the project after a
— [tallan masculine first name

— English equivalent is "Hardwin"



What is Arduino

Atmegal68 Pin Mapping

(PCINT14/RESET) PC6 ]
(PCINT16/RXD) PDO]:
(PCINT17/TXD) PD1 s
(PCINT18/NTO) PD2[J+

(PCINT19/0C2B/NT1) PD3 []s

28] PCS (ADCS/SCL/PCINT13)
27§ PC4 (ADC4/SDA/PCINT12)
26§71 PC3 (ADC3/PCINT11)

2501 PC2 (ADC2/PCINT10)

241 PC1 (ADG1/PCINTY)

(PCINT20/XCE/TO) FD4 )5 23l ] PCO (ADCO/PCINTSE)
vCC 7 21 GND
GND [} 21 ] AREF
(PCINTE/XTAL1/TOSC1) PBEL)S 200 ] AVCC

(PCINTZ/XTAL2/TOSC2) PBT 10
{PCINT21/OCO0BIT1) PDS[n
(PCINT22/OC0OAJAIND) PD&[]12
(PCINTZ23/4IN1) PD7 s
(PCINTO/CLKOACP1) PBO 12

190 ] PB5 (SCK/PCINTS)

16 ] PB4 (MISO/PCINT4)

17 ] PB3 (MOSIfOC2A/PCINT3)
16] ] PB2 (SS/IOC1BPCINTZ)

150 ] PB1 (OC1APCINT1)



What is Arduino

Atmegal68 Pin Mapping

Arduino function Arduino function

reset (PCINT14/RESET) PCEL]" 28] ] PC5 (ADCS/SCL/PCINT13) analog input 5
digital pin O (RX) (PCINT16/MRXD) PDO[]= 27 ] PC4 (ADCA/SDAMPCINT12) analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD1 2 260 ] PC3 (ADCI/PCINT11) analog input 3
digital pin 2 (PCINT18/INTO) PD2]4 250 ] PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C2B/INT1) PD3 s 241 PC1 (ADC1/PCINTS) analog input 1
digital pin 4 (PCINT20/XCKITD) PD4 e 23l ] PCOD (ADCO/PCINTSE) analog input 0
VvCC vCCy7 2 1GND GND

GMD GMND[je 1L AREF analog referance

crystal (PCINT6/XTAL1/TOSC1) PBS[Js 2|0 AVCC VCC
crystal (PCINT7/XTAL2/TOSC2) PB7 10 19| 1 PB5 (SCK/PCINTS) digital pin 13
digital pin 5 (PWM)  (PCINT21/0COB/T1) PD5 ] 18] ] PB4 (MISO/PCINTA4) digital pin 12

digital pin & (PWM) (PCINT22/0C0A/AING) PDE 12
digital pin 7 (PCINT23/AINT) PD7[}2
digital pin 8 (PCINTO/CLKOACP1) PBO 14

1711 PB3 (MOSI/OC2A/PCINTS) digital pin 11(PWM)
16| ] PB2 (SS/OC1BPCINT2)  digital pin 10 (PWM)
1501 PB1 (OC1APCINT1) digital pin 9 (PWM)

Digital Pins 11,12 & 13 are used by the |C5P header for MESO
MCS!, SCK connections (Almagaiss pins 17,18 & 160 Avold low-
impadance oads on thesa pins whan using the ICSP header



Arduino

RX+TX LEDs Pin 13 (L) LED Digital Pins

FTDIUSB Chip (SR |

_~ Power LED

USE Jack N - Reset Button

B 1CSP Header

23

Power Selection Jumper

=2

Violtage Regulator 4 L i — Microcontroller
= - - J LI e BT T ED s L
Power Jack ! 71 JER - ANALDG ]HF -j

B.1°23 45

Power Pins Analog Input Pins

Fhatograph by SparkFun Sectroviics.  Used under Hhe Creabive Commonts Abnbution Share-Alfke 3.0 lfcense.
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I Getting Started with Arduino

I * Arduino IDE




I Getting Started with Arduino

* Arduino IDE
I (>)(=) O] [2

—  Serial Monitor

Upload

Save

Open

MNew

Stop

Compile



I Getting Started with Arduino

— Homepage: http://arduino.cc/
— Download: http://arduino.cc/en/Main/Software
— arduino-00xx.zip

I * Arduino IDE

* Device Driver

— Gizduino uses prolific chip
http://www.prolific.com.tw/eng/downloads.asp?id=31




I Getting Started with Arduino

* Testing the Arduino
I — Run Clip 2...



Getting Started with Arduino

* Virtual Breadboard

Qe il

File Edit Tools Help

= A
Blaead ./ +mqQeq @y

BreadboardShest VBB

Digital

Arduino

" AnalogInSerialOut.pde _
I // tn the pins used: | & | 2 [

LogicAnalyserl VLI

SAMPLING
Probe \JEL/
d 2ms. L
(| Trace
| m= Capture
| | v

Status Elapsed Tirme (Sim) 00:00:27-4114 Elapsed Time (Real) Sim/Real 00:00:27.4114 | 100%



I Getting Started with Arduino

* Virtual Breadboard
I — Runclip 3...



Getting Started with Arduino

* Virtual Breadboard
— Homepage:

— Download:



Getting Started with Arduino

* Virtual Breadboard
— Dependencies
 Latest version of DirectX
* _Net 2.0 Redistributable
 J# 2.0 Redistributable
 Java JRE 1.6 ( version 6)



Getting Started with Arduino

* Source Code

* Application

* Programmer

* Sketch

* IDE (Integrated Design Environment)



I Arduino Programming

I * Setup and Loop

void set up()

{

}

void | oop()
{

}



I Arduino Programming
* Setup()
I - use It to initialize
* variables,
* pin modes,

* start using libraries
- will only run once , after each powerup or reset
of the Arduino board



I Arduino Programming

I * Setup()

void setup()

{
LEDPin = 13;
pinMode(LEDPIn, OUTPUT);
digitalWrite(LEDPin, LOW);

}

void loop()
{

}



I Arduino Programming

I * Setup()

voi d setup()

{
LEDPi n = 13;
pi nMbde( LEDPi n, QOUTPUT) ;
digital Wite(LEDPi n, LOW;

}

void loop()
{

}



Arduino Programming

* Loop()
- Executed repeatedly
- Allows the program to change and respond.



Arduino Programming

* Loop()

void setup()

LEDPin = 13;
pinMode(LEDPin, OUTPUT);
digitalWrite(LEDPin, LOW);

void loop()

delay(500); |
digitalWrite(LEDPIn, HIGH);
delay(500); |
digitalWrite(LEDPin, LOW);

}



Arduino Programming

* Loop()

void setup()

LEDPIin = 13;
pinMode(LEDPIn, OUTPUT);
digitalWrite(LEDPin, LOW);,

voi d | oop()

del ay(500) ; .
digital Wite(LEDPI n, H GH);
del ay(500) ; .
digital Wite(LEDPi n, LOW;

}



Arduino Programming

* Functions
— asmall
designed to operate on its given input



Arduino Programming

¥

* Functions
‘ return type \ function name parameter list j
|nt get Sum(int Varl, int Var2)
/
; return Varl + Var2; qunction expression



Arduino Programming

Function name

for a function

Parameter / Argument List

Inputs to a function

Function Return

Output of a function

Expressions

Describes what a function do
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* Calling a Functions

void loop()

{
result = get Sum(2, 3); 4Wi|| give us a result of SJ

}

Int get_Sum(int Varl, int Var2)
{

return Varl + Var2;

}

functions must be defined
before it can be used




Arduino Programming

* Arduino Built-in Functions
— Predefined functions to easily configure

Arduino

* Pin Operation

* Peripheral Operation
— shortcuts



I Arduino Programming

— Configures a digital pin to behave either as
an input or an output

— pin: the pin number whose mode you wish to
set

— mode: either INPUT or OUTPUT

* Example

I * pinMode(pin, mode)

pinMode(13, OUTPUT);



I Arduino Programming

— Write a HIGH or a LOW value to a digital pin

— pin: the pin number whose value you wish to
set

— value: either HIGH or LOW

* Example

I * digitalWrite(pin, value)

digitalWrite(13, HIGH);
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* digitalRead(pin)
— Reads the value from a specified digital pin

— pin: the digital pin number you want to read
— returns either HIGH or LOW

* Example

result = digitalRead(13);



I Arduino Programming

— Reads the value from a specified analog pin
— pin: the analog pin number you want to read
— returns an integer (0 to 1023)corresponding
to pin voltage
* Example

result = analogRead(13); %SU“ = pinV * 1023/Vref

I * analogRead(pin)




I Arduino Programming

— Writes an analog value (PWM wave) to a pin

— pin will generate a steady square wave of the
specified duty cycle

— 490 Hz

I * analogWrite(pin, value)



Arduino Programming

* analogWrite(pin, value)

— Can be used to vary
* Brightness of LED
* Speed of the motor
— Output a sound
* Low Pass Filter needed



I Arduino Programming

— pin: the pin to write to
— value: the duty cycle: between 0 (always off)
and 255 (always on)

* Example

analogWrite(9, 127); Duty_Cycle = value / 255 * 100%
~50% = 100 / 255 * 100%

I * analogWrite(pin, value)
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* analogWrite(pin, value)

i o)
Duemilanove
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I Arduino Programming

— Pauses the program for the amount of time
— value: the number of milliseconds to pause

* Example

delay(1000); will pause for 1000ms,
equivalent to 1sec pause

I * delay(value)




Arduino Programming

* Blinking LED Example

/[ setup initializes the LED pin as output
// and initially turned off
void setup()

LEDPin = 13;
pinMode(LEDPin, OUTPUT);
digitalWrite(LEDPin, LOW);

I/ I_ooP checks the button pin each time,
void loop()

delay(500); |
digitalWrite(LEDPIn, HIGH);
delay(500); |
digitalWrite(LEDPin, LOW);

}



Arduino Programming

* Comments

I/ setup initializes the LED pin as output
// and initially turned off
void setup()

LEDPin = 13;
pinMode(LEDPin, OUTPUT);
digitalWrite(LEDPin, LOW);

I/ I_ooP checks the button pin each time,
void loop()

delay(500); |
digitalWrite(LEDPIn, HIGH);
delay(500); |
digitalWrite(LEDPin, LOW);

}



Arduino Programming

* Comments

/[l setup initializes the LED pin as out put
[/ and initially turned off
void Setup()

LEDPIn = 13;

pinMode(LEDPIin, OUTPUT);
digitalWrite(LEDPin, LOW);

/'l 1oop checks the button pin each tine,
void loop()

delay(500);
digitalWrite(LEDPin, HIGH);
delay(500);
digital rlte(LEDPln, LOW);



Arduino Programming

* Comments
- Starts with characters ‘//’
- Text by the
compiler
- This Is for the programmer (person)
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/I setup initializes the LED pin as output
// and Initially turned off
void setup()

LEDPin = 13;
pinMode(LEDPin, OUTPUT);
digitalWrite(LEDPIin, LOW);,

/I loop checks the button pin each time,
void loop()

delay(500); .
digitalWrite(LEDPIin, HIGH);
delay(500); .
digitalWrite(LEDPin, LOW);



Arduino Programming

* Variables

/[ setup initializes the LED pin as output
// and initially turned off
void setup()

LEDPin = 13;
pinMode( LEDPI n, OU_TPU'(I'));
digitalWrite( LEDPiI n, LOW);

I/ I_oo,:) checks the button pin each time,
void loop()

delay(500); .
digitalWrite(LEDPIn, HIGH);
delay(500); .
digitalWrite(LEDPin, LOW);

}



Arduino Programming

* Variables
int LEDPInN;

/[ setup initializes the LED pin as output
// and initially turned off
void setup()

LEDPin = 13;
pinMode(LEDPin, OUTPUT);
digitalWrite(LEDPin, LOW);

I/ I_oo,:) checks the button pin each time,
void loop()

delay(500); |
digitalWrite(LEDPIn, HIGH);
delay(500); |
digitalWrite(LEDPin, LOW);

}



Arduino Programming

* Variables
| nt LEDPI n;

void setup()

LEDPin = 13;
pinMode(LEDPIn, OUTPUT);
digitalWrite(LEDPin, LOW);

Il I_ooro checks the button pin each time,
void loop()

delay(500); |
digitalWrite(LEDPIn, HIGH);
delay(500); .
digitalWrite(LEDPin, LOW);,

}



I Arduino Programming
* Variables

I — memory location in that carries a value
* Variables must be declared

— name Is chosen to uniquely identify a
variable

— the type defines
* how much memory Is used
* and how it Is stored
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* Data Types

char character A-Z, a-z, CR, LF

occupies 1 byte / 8bits 0 - 255

@y
D

u

nsigned int unsigned integer, occupies 2 bytes / 16bit 0 to 65,535

long long integer, 4bytes / 32bits -2.147,483,648 to

flant V4 DL T L L Y T . Y. LT o~ = 1 " 1t "y
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* Declaring a Variables

int VariableNamel;



* Declaring a Variables

‘ type H name \

VariableNamel;

: Arduino Programming
|
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* Declaring a Variables

‘ type H name I

int VariableNamel;
byte VariableName2
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* Declaring a Variables

‘ type H name \

int VariableNamel;
byte VariableName2 // not terminated by semicolon




* Declaring a Variables

‘ type H name I

int VariableNamel;
byte VariableName2 // not terminated by semicolon
int VariableName3, VariableName4, VariableName5;

: Arduino Programming
I



* Declaring a Variables

‘ type H name \

int VariableNamel;
byte VariableName2 // not terminated by semicolon
int VariableName3, VariableName4, VariableName5;

: Arduino Programming
I



* Declaring a Variables

‘ data type \ ‘ name \

: Arduino Programming
I

int VariableNamel;
byte VariableName2 // not terminated by semicolon
int VariableName3, VariableName4, VariableName5;

void Variavle6;



* Declaring a Variables

‘ data type \ ‘ name \

: Arduino Programming
I

int VariableNamel;
byte VariableName2 // not terminated by semicolon
int VariableName3, VariableName4, VariableName5;

void Variavle6; /[ there is no void type



Arduino Programming

* Naming a Variable
— Starts with an alphabet character

Int 1Delta;



Arduino Programming

* Naming a Variable
— Starts with an alphabet character
— No spaces, no special characters

Int 1Delta; /I variable names cannot start
/[l with numbers



Arduino Programming

* Naming a Variable
— Starts with an alphabet character
— No spaces, no special characters
int 1Delta; // variable names cannot start

/I with numbers
byte Deltal;



Arduino Programming

* Naming a Variable
— Starts with an alphabet character
— No spaces, no special characters
int 1Delta; // variable names cannot start
/[ with numbers

byte Deltal;
Int Serial Number;



Arduino Programming

* Naming a Variable
— Starts with an alphabet character
— No spaces, no special characters

Int 1Delta; /[ variable names cannot start
/[ with numbers

byte Deltal;

int Serial Number; // must contain no spaces

/I SeriaINumber
/[ Serial_Number



Arduino Programming

* Naming a Variable

Int
byte

Int

int

Starts with an alphabet character
No spaces, no special characters

1Delta; /[ variable names cannot start
/[ with numbers
Deltal;
Serial Number; // must contain no spaces
/I SerialNumber
/[ Serial_Number
Serial,Number;
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* Naming a Variable
— Starts with an alphabet character
— No spaces, no special characters

Int 1Delta; /[ variable names cannot start
/[ with numbers

byte Deltal;

int Serial Number; // must contain no spaces

/I SerialNumber
/[ Serial_Number

int Serial,Number; [/ These are 2 different variab les
/[ having an integer type
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* Assigning Values
int LEDPIn;

I/ setup initializes the LED pin as output
// and initially turned off
void setup()

LEDPin = 13;
pinMode(LEDPIn, OUTPUT);
digitalWrite(LEDPin, LOW);

I/ Ipo,o checks the button pin each time,
void loop()

delay(500); .
digitalWrite(LEDPIn, HIGH);
delay(500); .
digitalWrite(LEDPin, LOW);,

}



Arduino Programming

* Assigning Values

void setup()

LEDPin = 13;
pinMode( LEDPI n, OU_TPU'Q;
digitalWrite( LEDPiI n, LOW);

Il I_oo,o checks the button pin each time,
void loop()

delay(500); |
digitalWrite(LEDPIin, HIGH);
delay(500); |

\ digitalWrite(LEDPin, LOW);



Arduino Programming

* Assigning Values
int LEDPin = 13;

}/0id setup()

pinMode( LEDPI n, OU_TPU'Q;
digitalWrite( LEDPiI n, LOW);

Il I_oo,o checks the button pin each time,
void loop()

delay(500); |
digitalWrite(LEDPIin, HIGH);
delay(500); |

\ digitalWrite(LEDPin, LOW);



Arduino Programming

* Decision Making
— “If” statement

— used to compare
* variable to a variable

if(variablel > variable2)

{
}

e variable to a constant

function();

if(variablel > 2)
{

}

function();
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* Decision Making
— execute the statement enclosed between { }

If condition Is satisfied

if(variablel > variable2)

{

function1();

}

function2();
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* Decision Making

— Comparison operator

Less than “<”

Greater than “>”

Equal “=="

Not equal “!1="

Less than or equal “<="
Greater than or equal “>="
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* Decision Making
— ‘“If/felse” statement
— execute the statement enclosed between { }
If condition Is satisfied
— execute the statement enclosed between { }
after “else” when not

if(variablel > variable2)

{
}
else

{
}

functionl1();

function2();



Arduino Programming

* Decision Making
— Nested “if/else” statement

if(variablel > variable2)

{
}
else if(variablel < variable2)

{
}

functionl1();

function2();



Arduino Programming

* Decision Making
— Nested “if/else” statement

if(variablel > variable2)

{

functionl1();

}

else if(variablel < variable2)

{

function2();

}

else

{

function3();

}



Arduino Programming

* Blinking LED Example

int LEDPIn = 13;
void setup()

pinMode(LEDPin, OUTPUT); /Il set pin 13 output
dlgltaIerte(LEDPln LOW); /I Set initially to off

void loop()

dela 500);
|taI 5OI‘IC1)16(LEDPIH HIGH); // Turn LED on
ela
dlgltal rltegLEDPln, LOW); /[ Turn LED off



Arduino Programming

* Blinking LED Example

int LEDPin = 13, SWTCHPin = 12, PinStat e;
void setup()
plnMode(LEDPln OUTPUT); /[ set pin 13 output
digitalWrite(LEDPin, LOW)); /Il Set initially to off
pi nMode( TCHPi n, INPUT) /] set pin 12 input
void loop()
dela 500);
|taI 50I’I(’§€(LEDPIH HIGH); /[ Turn LED on
ela
d|g|tal rltegLEDPln LOW); /[ Turn LED off

} PinState = digital Read( SW TCHPI n) ;
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* Better Blinking LED Example

int LEDPin = 13, SWITCHPIn = 12, PinState, | edSt at e;
unsigned long previousMillis;

void setup()

plnMode (LEDPin, OUTPUT); /I set pin 13 output
italWrite(LEDPin, LO %_ /I Set initially to off
} p|n ode(SWI CHPin, INPUT); /Il set pin 12 input
void loop()
unsigned long currentMillis = millis();
if(currentMillis - previousMillis >= 500) Il chec k if >= 500mS
previousMillis = currentMillis; [ initiali ze prev with current

/[ if the LED is off turn it on and vice-versa:
if (ledState == LOW)

ledState = HIGH;
{else
ledState = LOW;

digitalWrite(LEDPIn, | edSt at e); /[ Turn LED on/off

PinState = digitalRead(SWITCHPIn);
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* Better Blinking LED Example

¥Oid loop()

[l if the LEDis off turn it on and vice-versa:
f (ledState == LOWN

|

i | edState = H GH;

{el se

} | edState = LOW

digitalWrite(LEDPIn, | edSt at e); /[ Turn LED on/off
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* Better Blinking LED Example

void loop()
unsigned long currentMillis = millis();
if(currentMIlis - previousMIIlis >= 500) /'l check if >= 500nt
previousMillis = currentMillis; [ initiali ze prev with current
digitalWrite(LEDPIn, | edSt at e); /[ Turn LED on/off



Arduino Programming

* Better Blinking LED Example

void loop()
unsigned long currentMillis = millis();
if(currentMIlis - previousMIIlis >= 500) /'l check if >= 500nt
previousMillis = currentMillis; [ initiali ze prev with current
digitalWrite(LEDPIn, | edSt at e); /[ Turn LED on/off

PinState = digital Read(SW TCHPi n) ;
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* Decision Making

— Logical / boolean operator
Logic AND &&
Logic OR |
Logic Not or Inversion !
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* Better Blinking LED Example

int LEDPin = 13, SWITCHPIn = 12, PinState, LEDState ;
unsigned long preV|ousM|II|s

void setup()

plnMode (LEDPin, OUTPUT); /Il set pin 13 output
italWrite(LEDPin, LO %_ /I Set initially to off
} p|n ode(SWI CHPIin, INPUT); /Il set pin 12 input
void loop()
unsigned long currentMillis = millis();
if(currentMillis - previousMillis >= 500) Il chec k if >= 500mS
previousMillis = currentMillis; [ initiali ze prev with current

/[ if the LED is off turn it on and vice-versa:
if (ledState == LOW)

ledState = HIGH;
{else
ledState = LOW;

digitalWrite(LEDPIn, ledState); /[ Turn LED on/off

PinState = digitalRead(SWITCHPIn);
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* Better Blinking LED Example

I bool ean LEDON;

[/ if the LEDis off turn it on and vice-versa:
i f (LEDON)

digital Wite(LEDPIi n, LEDON); /1 Turn LED on/off
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* Better Blinking LED Example

I bool ean LEDOn, Bl i nkEnabl ed = TRUE;

[/ if the LEDis off turn it on and vice-versa:
I f (LEDOn && Bl i nkEnabl ed)

digital Wite(LEDPIi n, LEDON); /1 Turn LED on/off



Arduino Programming

* Better Blinking LED Example

I bool ean LEDOn, Bl i nkEnabl ed;

[/ if the LEDis off turn it on and vice-versa:
I f (LEDOn && Bl i nkEnabl ed)

i LEDOn = fal se

?Ise

} LEDOn = true

digital Wite(LEDPIi n, LEDON); /1 Turn LED on/off

Bl i nkEnabl ed



I Arduino Programming
* Looping
I —  “for” loop
— execute expressions enclosed between {}

— continuously as long as a condition Is
satisfied

‘Starting Countl ‘ Limit i%gentj

for(i = 1; i <= 10; i++)
{

function();

}
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* Libraries

#include <Servo.h>

Servo myservo; /I create servo object to control a servo
/[ @ maximum of eight servo objects can be created
int pos = 0; // variable to store the servo posi tion

void setup()

myservo.attach(9); // attaches the servo on pin 9 to the servo object
}
void loop()
for(pos = 0; pos < 180; pos += 1) // goes from O degrees to 180 degrees
/Il in steps of 1 degree
myservo.write(pos); /Il tell servo to go to position in variable
lpOSI
delay(15); /[ waits 15ms for the servo to reach the
position
}
for(pos = 180; pos>=1; pos-=1) // goes from 1 80 degrees to 0 degrees
{
myservo.write(pos); /I tell servo to go to position in variable
lpOSI
delay(15); Il waits 15ms for the servo to reach the

position



Reference

* Arduino Programming Notebook
* Getting Started with Arduino 3rd Edition
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* Processing

Processing - 0121 Beta

sketch_070705b §

int segments = 6@,

fFloat[] & = floot [zegments] ;

float[] » = floot [zegnents];

float[] accelX = floot [zegnents];
float[] accely = floot [zegnents];
float[] springing = floot [zegnents] ;
float[] damping = floot [zeaments] ;
float Fu, fv;

float fChntrx, fChtry,
float fangle, f3peedx = .25, f3peed¥ = .5;

setup (3
zlzeddaa, 48875,
smoothl )

(int i=8; iczegmentz; i++3f

e
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* Toolduino
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Beyond Arduino

* Mobile Processing




Beyond Arduino

* S4A (Scratch for Arduino)
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* P-Bot

Beyond Arduino
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* P-Bot
Logic Power In 9V Charger In

Line sensor Charge-_DFF-DN
terminal switch
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2Ch Motor
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Mator Driver IC



Questions, Comments,
Suggestions

* glutnix.neo on gmaill
* glutnix_neo — electronicslab.ph/forum
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