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Related example: ey JF1 R1
http:/farduino.cc/en/Tutorial/Analoglnput
piffarduino.cc/en/Tutorial/Analoglnpu £~ ? ] M +0UT ] AN
x 4 GHND 330
} e ey IC1 e I =
.......... = 8 r_:rgo E T805 ,-TO E fS u
INSPECTOR ofx] | o o Y Y 100nF ~
o ek
.................. e
73
i vd
/T Xp
on
I el | i
¥ | 4 3

TUsunsy CadSoft’s Eagle (Free)
A1MSUNITIIANGI9RS

1Usunsa Fritzing (Open Source) n
§ P LAZDINBUUANYIIITANUN (PCB)

A1MSUNTI5IANIINRS
AL UNITADINATUULUSAUDIA

Embedded System Lab (ESL) @KMUTNB http://cpre.kmutnb.ac.th/esl/

Think — Do — Learn — Share




............................................

sEEEE SETEC TIC

s &
sesssnmmereaa
Tuszmessaeses
Nessassseanas
Gasessnassssn
Sgamassssanes

A19819N15ABDINATUULUTAUDIA

~ssssasasarees
CasssEsEwsTEIsesasaan
‘gllnu'nuw:t-u.oa--

-----------
------

sseme smsas sEws
EEEEN SEEES SEEEE

“seEmE sEmEs EEEEs seEEEE Eesew
WEWEE EEEE LEEEE SECETE EEEEE

[

R R R R R

Embedded System Lab (ESL) @KMUTNB
http: . .ac.
Think — Do — Learn — Share P el T ey



’ DGIC GATES BOARD
= o —

Inputl swiiches

o vaas [N
! opIsadada

- worl @
o b v)

A10E19YANAABIABIIRT (IINUTENANUSENA) A18819YANARBIRBI9T (AMNUTENTuUIEIMA)

Embedded System Lab (ESL) @KMUTNB http://cpre.kmutnb.ac.th/esl/

Think — Do — Learn — Share




v dJdo IN J’S’I\?(! bLATT TIWNTITUVITId dNU 3

gunsallun1sinng

a sl v

YaAn (Kit) Wsaune9aIBLannsatindidasusznaues
dnsuRnusenautazunnsvududlannsaing
A1129590 leaanuuulALan

Embedded System Lab (ESL) @KMUTNB

http://cpre.kmutnb.ac.th/esl
Think — Do — Learn — Share p://ep fesl/




Fritzing Creator Kit

fntz,mg

CREATOR KIT

inklusive Einsteigerbuch
in deutscher Sprache!

37-in-1 Sensor Module Kit

8
=
|

Embedded System Lab (ESL) @KMUTNB http://cpre.kmutnb.ac.th/esl/

Think — Do — Learn — Share




ATWFAUVDININTTU

< = vy 6 ) Y

° ﬂﬁsmuLLazLmeqmﬁLssJugmummLLaﬁamﬁU CprE
o . ¢ ¢ ¢ ¢

® LUZUI Arduino (130L3FLLASYINALLIT)

* nnadalyyannnIs Arduino IDE version 1.0.x
Aelaszuudfuanis Linux / Ubuntu
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LUz Arduino

® Arduino (http://arduino.cc)
— Wuwndalunsad1edanisenin wwannwesy (Platform)
— Us2NaUumMenIgnsauls (Hardware) uag 9anauls (Software)

— T msunsWeusrenauinasAUALINGONNAINEANLAL TINRR LTME
(WSeNL38n71 Physical Computing)

— SUAULNELNSNaIUlusIY A/ 2005

— TingUseasnne n1saseansalshareeiLsiidu Open Source

q
e UawmelAanauatu Aesasdmsuvesalulasroulysalans uazlonasseazidenoue
Y AilanTsideu Taasiage Mmelateulunsinlumennsuazinmse

1
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71l Arduino 39lasuAlrudiedLazLnsRane

* Tg9udne
— iy Truvasanelwidesannesa USB + anuluanldsinsuniuals USB e
o gaylduastunsiauIluswnsudy Opensource

— ynaulavatewnannasy (Windows, Mac OS X, Linux)

— Waglannuatu (Sourcecode) wazinlunausasanla

* U935 (l1aR9995ara1829958 115U PCB) 1w OpenHardware

— 1 UaLe19350181AavENTNYeIN Creative Commons License

® http://creativecommons.org/licenses/

— grunsainlusaudad sevensLaziuiulanielataulunudvdnsaanain

— JAUNAINUAEN15ALS Arduino / Arduino Clones / Arduino Shields
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Arduino Software

o Tgganauls Arduino IDE Tun1si@guldsunsy
— N@RWI957U 1.0.5 hay 1.5.x (5995U815AKI5 L 19U Due, Yun)
— @MSUSTUUUUANTS Windows, Linux, Mac OS X

— Tgn19n C/C++ Tun1sl@euldsunsy ((58n31 Arduino Sketch)
* Auluansaleulusinsuieingle (Object-oriented Programming / OOP)

* Aand (Class) 1139 9aUtaA (Object) ABITDIAUNITIFIIUSITALITAHTNE) VDS
fUszulana wsenisunin lulasaeulnsalass (Microcontroller)

1
= o %4 [e]

* Hyapdsdnsulyud1nisu Arduino

9

— n1sas19fentu (Functions) visamasilisenldaunalsfds

— dpvilusuvedlavandluaiw C+ (C++ Library) finaq

IDE = Integrated Development Environment
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l\an{f\A:!\ nr!n!E{f\‘hlf\(\ Al .° . 1IN .. n ..
IVI INVIelr1'OedN ATAUITNIO IDE V1.U.X
@ sketch_lab2_1_2 | Arduino 1.0 TR o e |

File Edit Sketch Tools Help

Usgniandsniguan skelch_lah2_ 1 2

(Global Variables %39 const byte LED PIN = 5;

A1AY (Constants) [ Tot DELAY_Ms = 500;

wold setup () {

Usznaunlenendun }
fosdife setup() waz void loop () {
loop() digitalWrite { LED_ PIN,

delay ( DELAY M8 ) ;
digitalWrite ( LED_PIN,
delay ( DELAY MS ) ;

Taseas19vadlannang
NUYDINIE1 Processing

pinMeode { LED_PIN, OQUTPUT j;

HIZH ) ;

Lo )
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Arduino Hardware

e Juvesalulasraulnsaans
— Y1991M38n791 Arduino 1/O Board
— \Jududeusiefuiassenunsaididnvsedinddun
o Jouuldtdlulasmaulnsaiaas nszna ATmega UaIUTEN Atmel

— weshlluuldfa ATmega 168 uay 328P (A9 13U ANV
Ve LR HERRRBIEVEIT)

* ANUVBIILIEANNTIEMSULUTUNTY (Program Memory) kUU Flash

* ANUPUBIMIEANUIEMTUTaYA (Data Memory) LUU SRAM

— Fauesausn Wy ATmega 1280 way 2560 1udy
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ATmegaX X8 Family

Image . Part # & Datasheet Flush'ﬂ:ﬂm_ Distributors EAGLE library

D Atmega3ZaP-pPU {(DIPY (32K |2K D Digikey DMouser & avr-6

D atmeqal2op-AU (TQFPY 32K |2k SDigkey PMouser Parrow Davr-g

& atmegslbay-pu 16K |1k D Dgikey @ Mouser Savr-f
B . & atmegales-pu 18K |1k | D egikey @ Moussr . Savr-a
D atmegadtav-Pu a4 cizb o Dgikey DMouser 2 avr-6

fiyn: http:.//www.adafruit.com/blog/2010/10/03/looking-for-atmega328p-in-tqfp/
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A?\J_I\f\n:_l'\ aan lf\gl\a Al .° 1l = NN
1dedd INUdIvl. ATAUITIO NnO RO
Features:

® ATmega328 microcontroller (5v), 16MHz
® Input voltage: 7..12V

® 14 Digital I/0 Pins (6 PWM outputs)

® 6 Analog Inputs

® 32k Flash Memory

® 16Mhz Clock Speed

A P W a ¢ 1 ¢ v
AUV IUADNUADNN A HIUWDSH USB Id
WaauInanlusNSUE1SU Arduino astuddlulasasulnsatass

fiyn: http://www.sparkfun.com/products/11021
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& molmaat S n. A d D AAS~ AP0 fC\N//A LA ALIZN\
videJd INUJIVI. ATAUAUINIO FIO IVIITNI 240 \OV/ 10IVilrl4Z)
Features:

ATmega328 running at 16MHz
Interfacing circuitry to 5V devices
USB connection off board

5V regulator, Max 150mA output
Over current protected

Reverse polarity protected

DC input 5V up to 12V

Analog Pins: 8

Digital I/Os: 14

* lsiau15a I UABNUABNNALADSHIUNDSA USB lalaenss

14 = ¢§ a o o 1 1
Aasliaunsaliasu waltlumsieusaszning

Uasn Arduino Unuwasn USB Ua9Aduntnas

fiyn: http://www.sparkfun.com/products/11113

Yo w A W a4 A o 7
* Tgd1nIULIDNADNUIIATOUNUIIAU 5V 1HUU
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Ml\f\n!\nnlf\gl\a Al e N AA° _°* nHA"D [HD HO\I/ON AL 1\
videdd INUd V. ATAUINO FT1O IVINIT 9040 \0.OV/0IViIr4)
Features:

® ATmega328 running at 8MHz

® Interfacing circuitry to 3.3V devices
® USB connection off board

® 3.3V regulator, Max 150mA output
® Over current protected

® Reverse polarity protected

3 O
T
® DCinput 3.3V up to 12V < %

< %
> )
i 3
® Analog Pins: 8 e:__v
* Digital I/Os: 14

* lsiau15a I UABNUABNNALADSHIUNDSA USB lalaenss

Aasligunsaliasu waldluniswausiaszning .
N41: http://www.sparkfun.com/products/11114

Uasn Arduino NUNDSA USB Ua9AdNNADS
¥ o v oA Y a A ') )
* TFdnSULTIBUADNUIIDITDUNLSIAUY 3.3V iU
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R nnlf\gt\a PN AA o (NI /A ZNAL T\
videaJd INUdJIVI. FTO IVIICTO \OV/ 10IVIIF14)
MUZEINSUUANS Pin Header (Male)
Foatures °lwmaygmumjd(°lmﬂnimuuu) ‘
e ATMega 32U4 (5V/16MHz) LA lg9UL TAESUVIAIUULUSAUDIA

® Supported under Arduino IDE v1.0 ("leonardo")
® On-Board micro-USB connector for programming
® 4 x 10-bit ADC pins

® 12 x Digital I/Os (5 are PWM capable)

® Rx and Tx Hardware Serial Connections

®* F41U15ALTBUABNUADNNILADSHIUNDSA USB lalaensa
® T FMSULYBUABNUIITOUNLITIAY 5V WUU

fiun: http://www.sparkfun.com/products/11098
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Made in USA

fian: http://eravitechthai.com/
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http://arduino.cc/en/Main/arduinoBoardl eonardo

http://arduino.cc/en/Guide/Arduinol eonardoMicro
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A?\J_I\f\n:_f\ aa lf\gl\a Al o AAm e ODECZN DD 11ay A Duan 2 20V
I'dedd INUdabl. ATAUINO IVIESA £O00U RO bbelo IVIESA FIO O5.0V
ATmega2560 (5V / 16MHz) ATmega2560 (3.3V / 8MHz)

Requires FTDI Basic Breakout board !

71317 http://www.sparkfun.com/products/11061 7317 http://www.sparkfun.com/products/10744
* gunsasdourafiunauRamasitunasn USB 1alnenss * Laigrunsaideunanuasunnasiunasn USB lalnans
¢ Id g S Ut ausaf U9 UTILS I 5V wiqﬁ’ju (ﬁaa“h’fqﬂniaiaehmiu FTDI Basic Breakout fiatiNy)

* THd1%SULYDUADIIDTDUNLSIAU 3.3V WinUu
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ATmega328, 16MHz / 5V
WizNet W5100 Ethernet Controller

microSD card reader

No Power-over Ethernet (PoE)

The Arduino Ethernet integrates an Arduino Uno with the Ethernet Shield.

The board does not include a POE module.

It requires an FTDI breakout board for programming.

#i311: http://www.makershed.com Arduino_Ethernet WITHOUT_ Poe_p/mksp9.htm

http://arduino.cc/en/Main/ArduinoBoardEthernet
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USB Boarduino (ATmega328P)

LCD + Keypad Shield 7-segment display Shield Arduino WiFi Shield
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FTDI Basic Breakout 3.3V
FTDI Basic Breakout 5V

1'7i&|’1: http://www.sparkfun.com/tutorials/244

http://www.sparkfun.com/products/9873
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Arduino Pro Mini 3.3V
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fusiuada Arduino a1aaghitiuszlew dlifiaunsalnanunsaihunseldeusiuiuuasa Arduino

® Arduino Uno + USB cable
® Breadboard + Holder

® T74HC595 Shift Register

® 2N2222 Transistors

® 1N4148 Diodes

® DC Motor with wires

® Small Servo

® 5V Relay

® TMP36 Temp. Sensor

Flex sensor
Softpot

Jumper Wires
Photocell (LDR)
Tri-color LED

Red & Yellow LEDs
10K Trimpot

Piezo Buzzer

Big 12mm Buttons
330 and 10K

Male Headers
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A12819U35a Arduino Nanulgludsewndlneg

[e]

* HUUBIA Arduino NNANSUTEINA LU

— http://www.thaieasyelec.com/

— http://www.warf.com/

° Qjmamua%ﬂ Arduino Clone (Arduino-compatible) Tuuszinalng 1wy

— http://www.gravitechthai.com/ U5 Gravitech Thailand (Ua$a Arduino Nano)

— http//www.etteam.com/ USEW ETT 19U Ua5A ET-Easy168 STAMP)

— http//www.inex.co.th US% Innovative Experiment (INEX) L% Uasn POP-168,

Unicon
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ET-Easy168 STAMP

AVRE & ATMEGA 168 16 KBYTE FLASH, SRAM 1 KBYTE,
EEPROM 512 BYTE

¥ b - 2 - -
® FTD w13 FTRIZR @ na@a anua sl wila as P JELE
. 1,
PO e e PO LESH '1'F'|-FIF 173

fi1: http://www.etteam.com/product2009/ET-AVR/ET-Easy168_STAMP.htm!

* ANUSALVBUADNUABUNANDSHIUNDIH USB lalaanse
Y o - dl 1 d' (v} 1 3
o Tddmsuldaunansanu 5V winuu
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ATmegal68 / 328P
5V / 16MHz

>

TRE

- ] 7 x

< USB/‘EU ﬂ

DuinoL_itt

W Tud a.a. 2011 Tnevesufifinisseuvauasnaileda (ESL) wialdiludanisiseunsaau
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Anlr\ﬂt\o:_tgnnngn 1A AAQ |Tnn_f\t\ A . .° - D o
ECJIU'“?BHG'I V13 Fdiehielyl ATAUINO DOOLWLNOadceTh
ESL DuinolLite ; { AVR ISP Programmer

(Breadboard-Pluggable)

----------

o A A 1 A o

Uasn Arduino azldauld az@eeiinnsld Bootloader (Firmware) asludUlulasasulnsataasnoau (MLNg9ASIAE2)

\adl Bootloader agnelunan azaunsaldeay USB wausaszning Arduino Board fiunauinainesla
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Atmel ATMega168 (16KB Program Flash Memory)
Atmel ATMega328P (32KB Program Flash Memory)
8-bit MCU

28-pin DIP package

23 1/0 lines

1.8V to 5V operating voltage

anazthdullusasasaldeudmiu Arduino 3sdasll Arduino Bootloader (Firmware)
agnelu (Aasldaniauasiisanda AVR ISP Programmer lun1slusunsudayaasludiy)
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ATmegal68-20PU
utihidu
USB-to-Serial R BT N
Converter
3.3V Voltage

Regulator IC
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Tool Kit - Deluxe
Aag19YALATRla-Tanaunsald MmUY
Siannsatindiiugu drmsun1sinn3ees , b

31A1 7,800 un

fia: http://www.warf.com/view.Tool_Kit Deluxe-4843.html
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1) nsUsznAAIAfikazAawlsAeuan

2) msadreitardutuanldenl (Wedenldenu)
3) M5a519Wendu setup()

4) n15a5190979U loop()

Tun1sieulAn (Sketch) 113U Arduino anansawdseanilu 4 druiidrAgyda

]
=

Constant & Variable Declarations

User-defined Functions

Seniandu setup()

LNE9AS A \

void setup() { ... }

7 void loop() { ... }

naINEINHINTU setup() La7
938nWenYy loop() Lazyiign

Embedded System Lab (ESL) @KMUTNB
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PN OI A nTig\Jf\a Nl 1.
1 dJeJd INbFPIVI. DUTI
970 Arduino IDE: tuy File> Examples> Basics> Blink
/*
Blink: Turns on an LED on for one second, then off for one second, repeatedly.
*/

void setup() {
// initialize the digital pin as an output.
// Pin 13 has an LED connected on most Arduino boards:
pinMode( 13, OUTPUT );

}

void loop() {
digitalWrite( 13, HIGH ); // set the LED on
delay(1000); // wailt for a second
digitalWrite( 13, LOW ); // set the LED off
delay(1000); // wailt for a second

}

Embedded System Lab (ESL) @KMUTNB
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A?\J_I\f\n:_f\ nTig\Jf\a Nl _1. Ito\lt\nnnlt\ nnnmv‘\l\
1 JeJd INBFPIVI. DUTIK \VPIVItbUEGINGLIT U )
/*
Blink: Turns on an LED on for one second, then off for one second, repeatedly.
*/
const byte LED_PIN = 13;
const int DELAY_MS = 1000;

void setup() {
// initialize the digital pin as an output.
// Pin 13 has an LED connected on most Arduino boards:
pinMode( LED_PIN, OUTPUT );
}
void loop() {
digitalWrite( LED_PIN, HIGH ); // set the LED on

delay( DELAY_MS ); // wait for a second
digitalWrite( LED_PIN, LOW ); // set the LED off
delay( DELAY_MS ); // wait for a second

Embedded System Lab (ESL) @KMUTNB
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¥

byte  lddmsuteyanluavduiudulasius 0 83 255
int Tddwsutoyamduavinwiusulanue -32768 fs +32767
long T msutouaniduavdrudulasals -2,147,483,648 09 +2,147,483,647

e

b
a

float T¥d1unsutouanidutaunadoy Wuariduuinnseaulutenindneni

e

yiladoyawuy byte uag int wazilwawnaioulanie
LeitlANasLdeaies 6-7 Amuwvtmdaanealoyluaugiuay
boolean 1lddmsudayaniiluamisasdn true (339) u3e false (Wa) Wirlly
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ANHINUFIUEINTU Arduino 91A953 (1)

%

e pinMode( ) Tfvunfirnsdyaias (/0 direction) ¥09uRIva

— http://arduino.cc/en/Reference/pinMode

* digitalRead( ) l¥eurrannufdviangnimualnduduns

— http://arduino.cc/en/Reference/digitalRead

a o

* digitalWrite( ) 1HiZoud (LOW v3e HIGH) Tn@dviafignimusliiduedyn

— http://arduino.cc/en/Reference/digitalWrite

* analogWrite( ) Ta3sdeyeyias PWM 1utonding

— http://arduino.cc/en/Reference/analogWrite

* analogRead( ) l¥eur1annviuauzdaon-dumns

— http://arduino.cc/en/Reference/analogRead

* analogReference() MMUATEAULIIAUTBIFMIUNITOWAIIINVIMOULEDN-BUNG

— http://arduino.cc/en/Reference/analogReference

Embedded System Lab (ESL) @KMUTNB
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ANSINUFIUEINTU Arduino 91A933 (2)

delay( ) sonalirnulupusseziiannnvun Hadiuni) neunazyintunousald

— http://arduino.cc/en/Reference/delay

e delayMicroseconds( ) satianlwiuluniussegiianiinnua (lulasiuim)

— http://arduino.cc/en/Reference/delayMicroseconds

o 1 QI L e o U | 7% 1 =
* randomSeed() NMUUAANINAUAINIUNITATNLAVLUUGFUNBY

— http://arduino.cc/en/Reference/randomSeed

* random() WiAnluavduiiien (Pseudo-Random Number)

— http://arduino.cc/en/Reference/random

* millis() vannauulUlundisduiiadduny TudaslusunsUSUAU9Y

— http://arduino.cc/en/Reference/millis

Embedded System Lab (ESL) @KMUTNB
Think — Do — Learn — Share

http://cpre.kmutnb.ac.th/esl/




1 Y
Q/ (o] Q/

ANdeNugIUE MU Arduino 11A333 (3)

. Y1 124 d' 1 Y 1 d' o d d U
*  min() WAdeengnszninemiavasseniinuideuieuiu

— http://arduino.cc/en/Reference/min

v 1 A A 1 Y I A o L) d %
*  max() WWAnunianseninaiavassaniilssuieuiu

— http://arduino.cc/en/Reference/max

* abs() Waduysalvosduay

— http://arduino.cc/en/Reference/abs

* constrain() A luAUYN AU

— http://arduino.cc/en/Reference/constrain

Y oav v I & a v | A o
*  map() WANlAann15Ee1I 8 ULTUEUANYITNIAUA

— http://arduino.cc/en/Reference/map
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ANSINUFIUEIUTU Arduino 91A953 (4)

* pow() AMUINULAVENARY (Power)

— http://arduino.cc/en/Reference/pow

e sqrt() MuimANTINTiaes (Square Root)

— http://arduino.cc/en/Reference/sqrt

* sin() Aunen Sine dwsuydluviiaisiieu (radian)

— http://arduino.cc/en/Reference/sin

* cos() Amune Cos dmsuyuluviiaisiieu (radian)

— http://arduino.cc/en/Reference/cos

* tan() Auane Tangent dwsuyulumiisisiieu (radian)

— http://arduino.cc/en/Reference/tan

Embedded System Lab (ESL) @KMUTNB
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Blink | Arduino 1. [ |
File Edit Sketch [Tools| Help
Aute Format Ctrl+T
. Archive Sketch
Build ’ * Blink - ,
Fix Encoding & Reload Select Tarcet
/* Serial Monitor Ctrl+Shift+M i 8
Elink H
Upload Turns on o Board ¥ @  Uuinolite Al megalts (5Y) 1oMHz < Arduino Board

Serial Port 3 Arduino Uno

This examy Arduino Duemilanove w/ ATmega328
Programmer 2

*/ Arduino Diecimila or Duemilanove w/ ATmegal68
Burn Bootloader
Arduino Mano w/ ATmega328
wold setup () |

Arduino Mano w/ ATmegal6s
Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmegal280)
Arduino Mini w/ ATmega328

/¢ initialize the digital pin as an outp
/4 Pin 13 has an LED connected on most 2
pinMode (13, CUTPUT) ;

: Arduino Mini w/ ATmegalb8
void loop () { Arduino Ethernet
digitalWrite (13, HIGH); /4 set the LEI Arduine Fio
delay(1000) ; Ff wait for a Arduino BT wy/ ATmega328
digitalWrite (13, LOW); /¢ set the LEI Arduino BT w/ ATmegal 68
delay (1000} ; /f wait for a LilyPad Arduino w/ ATmega32s

LilyPad Arduinc w/ ATmegal68
Arduino Pro or Pro Mini (5Y, 16 MHz) w/ ATmega328
Arduine Pro or Pro Mini (5Y, 16 MHz) w/ ATmegal6s
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal68
Arduino NG or older w/ ATmegal6s

Arduino NG or older w/ ATmegaB

AGMHz on C

Embedded System Lab (ESL) @KMUTNB http://cpre.kmutnb.ac.th/esl/

Think — Do — Learn — Share




S ./v| « Hardware and Sound » Devices and Printers »

Add a device Add a printer

4 Devices (3)

HP_ESL

USE Combo
Mouse

4 Printers and Faxes (5)

USB-to-Serial
nelddU FT232RL

~ Adobe PDF

4 Unspecified (1)

—

FT232R USB
UART

=~ FT232R USE UART
' Category: Unknown
Status: Software is installing for...

Embedded System Lab (ESL) @KMUTNB
Think — Do — Learn — Share

Troubleshoot

N

w1942
~ —
| - |
y - - h’
Foxit PDF Printer HP Laser)et Microsoft XPS
P1006 Document Writer

Model: FT232R USE UART Status: Meeds troubleshooting

http://cpre.kmutnb.ac.th/esl/

m

§1%35U Linux/Ubuntu
drunsaldauliay
lsidas@nna Driver
ST




YUNDUNIFLYINUUDSA Arduino SIUNUIISUULUTAVDSA

Aoulnalan (Build)

Fourouadn Arduino fumauiineseeay USB

suluan (Upload) Tuswnsudilalugauasa Arduino
fo19asULUSAURSA (elaldpsrousssulnlides +5V way GND)
ATIVHBUAUYNABIVBINITUULUIAUBIA (93191839959 NAB T L)

ISANES L S A e

foaedyIuBUNA-L1ANAINUBTA Arduino LUGIaLTaNsaluIaRs
UULUTAUDSA

7. ﬂagLLﬁqﬁuvLWLﬁm +5V Lay Gnd 31nUasa Arduino LUgLsesu
Tideanay Gnd Y999ATUULUSAUDSA

8. MIIVABUNITVINNIUVBINIT (9313995 ulanunfeeniIsvsaly)
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VI deJd INflI 13613 INFIel el U1+ 61 1V13 nNub LCED

Embedded System Lab (ESL) @KMUTNB

L1117 7777777777777777/77777/777777777777/7/7/7/7/77/77/7/7//7/7/7/7////7/777
#ifndef _ RGB_LED H
#define _ RGB_LED_H

#include <inttypes.h>
#include "Arduino.h"
// This class implements a color controller for a single RGB LED
// that can change its color by adjust the duty cycles of
// three PWM signals used to control that LED.
namespace esl {
class RGB_LED {
public:
// constructor
RGB_LED( byte redPin, byte greenPin, byte bluePin,
boolean inverse=false );
// instance member methods
void setColor( uint32_t color ); // set the RGB color
void setColor( byte r, byte g, byte b ); // set the RGB color

private:
// private member method
void update();
// private member fields
byte pins[3], rgb[3];
boolean inverse; // inverse the PWM?
}; // end class
} // end namespace

#endif // _ RGB LED H
L1117 77777777777777777777/7777777/77777/7/7/7/777/7777/7/7/7/7/7/7//77/77/7/777
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A?‘J_l\f\n:_f\ nf\_f\t-ﬂg_t\n ~rn~ . . _tio_t\nngnn ND 1T M
VI deJd INflI 13613 INFIel el U1+ 61 1V13 nNub LED

#include "RGB_LED.h"
using namespace esl;

RGB_LED::RGB_LED( byte redPin, byte greenPin, byte bluePin, boolean inverse ) {
// save the Arduino pins for PWM output
pins[@] = redPin;
pins[1] = greenPin;
pins[2] bluePin;
this->inverse = inverse;
for ( int i=0; i < 3; i++ ) {
pinMode( pins[i], OUTPUT ); // use this pin as output

}
setColor( 0x00, 0x00, Ox00 ); // set initial color to 0x00 (off)
}
void RGB_LED::setColor( byte r, byte g, byte b ) {
rgb[@] = r; rgb[1] = g; rgb[2] = b;
update();
}
void RGB_LED::setColor( uint32_t color ) {
setColor( (color >> 16) & @xff, (color >> 8) & Oxff, color & Oxff );
}
void RGB_LED: :update() {
byte duty_cycle;
for (uint8 t i=@; i < 3; i++ ) {
duty _cycle = (inverse) ? (255-rgb[i]) : rgb[i];
analogWrite( pins[i], duty cycle );
}
}

Embedded System Lab (ESL) @KMUTNB
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#include "RGB_LED.h"
using namespace esl;

// For Uno: PWM pins are 3, 5, 6, 9, 10, and 11.
RGB_LED led(5,9,10,false); // use RGB LED with a common cathode (-> no PWM inverting).
// RGB_LED led(5,9,10,true); // use RGB LED with a common anode (-> PWM inverting).

uint32_t colors[] = {
oxffeeee /*red*/, oxeoffoo /*green*/, @xee00ff /*blue*/,
oxffffeo, exeeffff, oxffeeff, @ /*off*/ };

void setup() {
// empty
}

void loop() {
int num_colors = sizeof(colors) / sizeof(colors[0]);
for ( int i=0; i < num_colors; i++ ) {
led.setColor( colors[i] ); // change color
delay(500);

}
}

Embedded System Lab (ESL) @KMUTNB
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VIEJUO INTIH T30 0edNPIbb da FTILZITIS 61 1V rivied dN4 9
Eﬂdslﬁbﬂ] mormal_| modef’a Fritzing - [Br_ea_dboard vlew] @M

Eile Edit Part View Window Routing Help

Breadboard -~ Schematic PCB Parts ol

cope SparkFun T=

f Welcome

MIME hields

e D W
ol §=
F”"‘ll-
,lll
K 1.

Inspector (=Y

Add a note Rotate

http.//fritzing.org/
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Junagnsy LED (lguansaniug)
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ABINATUULUTAUDSTA HAZIYDNADANYHYYINTTNINUDTA Arduino KAZINATUULUIAUDSA
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1JeJd INbVUYIU

ARDUINO

Py

/* Teiq Arduino: a@uanainun@dvia D3 Tnealdddo digitalRead()
udina e lidamduanardwaiian D5 Taaldd&s digitalWrite() */

const byte BUTTON_PIN =3;  // mﬁumﬁﬁaﬁmmsﬂunm
const byte LED_PIN = 5; // antansiwaisaduigas LED

Py

boolean value; // ‘l?.féhﬂ%llLf“n.lmﬁa'mvl.ﬂ“mnmmma-ﬁuwm

void setup() {
pinMode( LED_PIN, OUTPUT ); // 1rfan LED_PIN {flutansine
b

void loop() {
value = digitalRead( BUTTON_PIN ); // auanannanaivia-aune

P

digitalWrite( LED_PIN, value ); // viaua1i&eznadvia-tansdne

}

Embedded System Lab (ESL) @KMUTNB
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ICSP O B

......................

www.arduino.cc

5
ﬁm POWER maoen @
Z @5 GndVin 012345

..........

19lAn Arduino NN1UUATAIUNISNAADY

AUNANYANTINITINNIUVDII9RS
W nAUULAIFNAA LED
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(92435 IR LED wag Phototransistor) ABWaTHELABS (Thermistor) way
WaTLANLABUAIY LED WIABUAIY LED 1ilagauugiigeinu
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N15INTLYZA19ABLBULEDS Ultrasonic / Infrared Range Finder
(aunsainteutanlgnuiueunafauninens23UINgNAYI)
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A1228719ANgN 15 WEUIUSILATULAZHA D935

a1

* usulusunsu Arduino agldisasidvunauas LED iudunsmuaziandng

14
=

AUAIU ez lingAnIsN1TYINUAall
— fleBudurihau LED vzdedlifa (ldain)
— dlonauuduadesluusiazass agvili LED Wasuaonuy (@duaniuy fia-fu)
= . ¥ aa [ a '3
* gulUsuNsN Arduino laglgaasnidunauiay LED i UuBunmuazio1nne
auaeu (192999160) waziingAnIsuNITVINgILedl
— \Jlasuduviau 1 LED nsendu “LED Blinking” (fhadnsiaad)

— Wenaduuaivaeslundazaa 9yl LED Wasuaniug (@duaniugsening
“nsgnsu” war “linsensu/iu”)
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