Dr. Mohammed Hayyan ALSIBAI is a Senior Lecturer (Assistant Professor) at
Faculty of Engineering Technology — University Malaysia Pahang (UMP) since
2013. He got his Ph.D. and Master Degree in Computer Science from Graduate
school of Systems and Information Engineering, University of Tsukuba, Japan in
2012. He is teaching several courses like Electricity and Electronics Fundamentals,
Electric fundamentals and circuit analysis, Digital logic design, Microprocessor and
interfacing, Computer programming and Arduino short course.

His research interests include Data analysis, visual information and image processing, visual and
statistical pattern recognition, machine learning, micro-processing, embedded systems, fuzzy logic,
logic programming, and mobile robotics.

Sulastri Abdul Manap is a lecturer at Faculty of Engineering Technology — University
Malaysia Pahang (UMP) since 2013. She was born in Kuala Krau, Pahang. She
received her Bachelor Degree of Electrical Engineering (Electronics) in 2003 from
Universiti Teknologi Malaysia and earned her Master Degree of Engineering in 2012
from Universiti Malaya. She teaches several courses like Electricity and Electronics
Fundamentals, Computer programming and Arduino short course.

Her research interests include embedded system, digital signal processing, and real-time applications.
She has almost 10 years of industrial experience of working as an engineer.

= ISBN 978-967-2054-53-5

96

u

87886

PUBLISHER
UNIVERSITI MALAYSIA PAHANG

J Malaysia
PAHANG

Engnearng » Tachnoogy » Crasihity

ARDUINO / GENUINO

START AS PROFESSIONAL

SHORT COURSE IN A BOOK

MOHAMMED HAYYAN ALSIBA
SULASTRI ABDUL MANAP

FOR
INTERNAL
CIRCULATION
ONLY




ARDUINO / GENUINO

START AS PROFESSIONAL






ARDUINO / GENUINO

START AS PROFESSIONAL

SHORT COURSE IN A BOOK

MOHAMMED HAYYAN ALSIBAI
SULASTRI ABDUL MANAP

Publisher



Copyright © Universiti Malaysia Pahang, 2017

First Published, 2017

All right reserved.
Apart from fair dealing for the purpose of study, research,
criticism or review, as permitted under the Copyright Act, no part of this
book may reproduced, strored in retrieval system, or transmitted, in any form or
by any means, electronic, mechanical, photocopying, recording or otherwise
without the prior written permission of the publisher. Enquiries to be made
to the author and the publisher, Penerbit Universiti Malaysia Pahang,
Lebuhraya Tun Razak, 26300 Gambang, Kuantan, Pahang Darul Makmur.
Negotiation subject to royalty arrangement or honorarium.

Perpustakaan Negara Malaysia Cataloguing-in-Publication Data

Mohammed Hayyan Alsibai
ARDUINO/GENUINO : Start as professional : Shot course in a book /
Penulis MOHAMMED HAY YAN ALSIBAL
ISBN 978-967-2054-53-5
1. Arduino (Programmable controller). 2. Programmable controllers.
3. Government publications--Malaysia. I. Title.
005.058

Published By:
Publisher
Universiti Malaysia Pahang
Lebuhraya Tun Razak, 26300 Gambang
Kuantan, Pahang Darul Makmur
Tel: 09-549 3273 Fax: 09-549 3281

Percetakan Permata MTS Sdn. Bhd. (323416-M)
E-1283 Jalan Wong Ah Jang,
25100 Kuantan, Pahang
Tel: 09 - 5131569  Fax : 09 - 5135087
Email : permatamts@gmail.com



Contents

L0710 11753 111 SO S PSP PP P PP PP PP UPPI v
LISt OF f1ZUTES ..veiieiiiiie ettt ee ettt ettt e e ettt e e e sttt eeesstbaeeeestbeeeessssaeeeassssaeeessssaeesassssseesassssenennes viil
| ) ] 1] 1 PSSP X
PIEIACE ...ttt ettt ettt e bt e e et e e nte e e bteeeteeeaneeeea Xi
| Y U\ B 3 SR 1
1.1.  What iS Arduino/GeNUINO? .......ccueeeeuieeiiieeitieeetieeeteeeteee sttt e seeeeneeesteeesnseeeaneeesseeeanseeennes 1
1.2. What is @ MiCTOCONLTOIIEI? ......cccuiiiiiiiiiiie ettt et e et e et e e e 2
0 T - 1A ()1 1) 3 SR 2
1.4, How do things WOTK? ......vviiiiiiiiie ittt et e e e et e e e e satbaee s estaaeeeneraeeas 2
1.5, WHhat iS PIOtOTYPING? ....vvviiiiieeeeiiiiiiiiieeeeeeeeecittteeeeeeeeesiitbbeeeeeeeesssesrsseeeaaeessasssssssssaaeessannnnns 2
1.6.  Powering Arduino/GeNUINO .......cccoiuutiiiiiiiiieeeiieee ettt ee ettt e e ettt e e e sttt e e s abeeee s eibeeeeeanneeeens 3
1.7. Examples and appliCations .........cc.uuviiiiieieeiiiiiiiiiieeeeeeeiiieeee e e e e e eseiibreeeeeeeeeeeerrareeeaeesasnnnnes 3
SEIAEIAININE -..eeeeeeieee ettt ettt e ettt e e ettt e e et et e e s ettt eeeesbbeeesaabaeeeesmbteeeeanneeeeeanns 4
N 0110100723 U P U PPRPUPTE 4
2. Digital, Analog and BINAry SYSTEIMS ...........eeeeriuiiiieiiiiiiieeiiiieeeeiitee e et e e ettt e e s st e e e sibeeeesanreeeees 5
B O 115 V1o L Lo 10 ) s E PP 5
2.2, ANAlog VS. DIGIAL ....ooiiiiiiiiiiiee e e s 5
B TR N 11T oo ) RSP 7
B I S 1 o ) ] 1< 4 o W SRR 7
2.4.1.  Let us make things simpler — Do you know how to count?............ccccceevviiiiiniieiennineen. 9
2.5.  Text and characters can also be digitally represented by 0/1 bitS .......ceeevevvciiieeeriiierenniinenen. 9
2.6, Digital ElECLIOMICS .eeeutiiiiiieiiieeiiie ettt ettt et e sttt ettt e st e e st e et e et e s et 9
SEI-LIAINING ...eeeieiiiiie ettt e ettt e eeett e e e ettt e e e e setteeeesatbeeesstteeeesansseeessnsseeesassssaeesanssaeeesnssseeesssseeeens 10
SUIITIATY .ttt ee ettt e ettt e e e e e ettt et e e e e e s e ettt b eeeeeeeaaaaabtbbeeeaeessaannnsabeeeeaeessannnssbaaeeaaesssnnnsnes 10
3. Getting Started with Arduino on WindOWS ..........ccccuieeiriiiieeiniiiieeeeiiieeeeieeeeerieeeeeeereeeseeneeee s 11
3.1.  Get an Arduino/Genuino board and an USB cable ..........c.cccoeviiiiniiiiiiiiniiiicciceeee 11
3.2, Download Arduino SOfTWATE. .......cciouiiiiiiiiiiieiiie ettt 11
3.3, Connect the DOATd ........cc.iiiiiiiiii ettt 12
3.4. Launch the Arduino appliCation............ccccvvireiriiiieerriieeeeriieeeeeiee e et eeeetraeeseenreeessneneas 12
3.5.  Open the blink eXampPIe.........ccvviiiiiiiiriiiiii et e et e e e etrae e e eerraeeeennneas 12
I T o) 1T A 011 gl oo ¢« APPSR 13
3.7, Select YOUT SETIAL POTT.....uviieiiiiiieeiriiieeerirteeecreeeeetreeeestraeeeserbeeessstseeeessssaeeeesssseeeessnseeas 13
3.8, UPLoad the PrOZIaM......c.uvvieeiiiiieeiiiiee ettt e ectt e e eirrteeestreeeeseraeeeserbeeessstsaeesasssseesessnseeas 14
3.9, COA@ TEIETEINCE . ...eeeeiee ittt et ettt ettt e ettt e et e e et e e ettt e snteeeenteeeneeesnneeans 14




SUINIMATY .1ttt ettt e e e e e ettt et e e e e e s etbbe et eeeeesesansteteeeeeeeaasnsssseeaeeeessssnssseseeeesssansansssneeaeesesennnnes 15

L) 1721 I 1 ISP TUPRS 17
4.1.  Operating the digital I/O PiNS ........ccccviieiiiiiie ettt srerre e e s saraeeeersraeeeeennes 17
Example 1 - BIRKING QN LED: .............ccccvuiiiieiiieeeciriee e seciiee e estveeessivtaessrvaesssssseeesssssaeessssseeesnes 19
Example 2: Blinking an LED without uSing delay() ..........cccceuvevvueeeieirereeiriieeeeseieeeesereeesssnseeennes 21
Example 3: Reading DUILON STATUS ..........c.c..eeeevevieeeieiriieeiscveeeeseveeeesstveeesstseeesssraeessssssaeesssssseesnns 23

Pull up / pull dOWN TESISLOTS .....vvvieeiiriieeiiireeeeriteeeeeireeeeeirreeeesetraeeseseraeeessenreeessserseesssrseessnsnses 23
Example 4 — controlling an LED brightness using PWM ..........c..ccccocvuveiieiieeeiciiieeescreeeeeerieee e 26

WAt 1S PWIM? ..ottt ettt et e et e ettt e et e e ne e e eneeeenteeeneeas 26

AdJUSHING AULY CYCLE 1eiiiuiiiiiieiiiii ettt ettt e e et e e eretv e e e s e stba e e e eerbeeeesstsaeeesnsraeeesnnnes 27

Controlling an LED brightness using PWM (The implementation) ..........c..cccceeevveeeevnieeeennneenn. 28
Example 5: BUzZzZer OF PI€ZO0 SPEAKET .............ccceeeeeeeiiiiiieeeeeeecciiteeee e e e eesiraeeeaaeesesssasasseaaeeesennnns 31
SEI-ITAINING .....eviiviiiiieeeeeeecii et e e e e ettt et e e e e e e esetrreeeeeeeeessssesraeaaaeeesasssssssssseaaessssssssssnseeaessesnnnes 32
SUIMIMIATY .. ee ettt e ettt e e e e e e ettt e e eeeeeesseetbbeeeaeeeeaassssssaesaaaeesesssnsssasseaaessassssssssesaeassesnnnnes 32

F N a1 (=38 VL O S PSPPI 35
5.1, Using the built in ADC .....oooiiiiiiiie ettt et e e et e e e s 36
Example 1 - Analog input uSing a POtENtiOMELEr .............cc.ccieeiueeeieiiieieeeeeee ettt e e eaeea e 37
Example 2 - Analog input uSing an LDR ............c.coccooiiiiiiiiiiiiiii ettt 39
Example 3 - ANGIOG il, PWM OUL .........cccuueeieeieie ettt ettt ettt et e e siaeee e 41
Example 4 - TemMPerature SENSOF ...........cc.ueueeeuueieeeiieeeeeeeee e eeete e e et e ettt e e sttt e e s ebteeessanaeeeeeans 44
N TN 2 42311 U1 TSR 46
SUIMIITIATY ettt e e e e ettt e e e e e ettt et e e eeeessabbb bttt e eeeesesaaabbbbeeeeeessaananbbateeeeaessannnes 46

Serial COMMUINICATION .eeeuvviiriieiiiieeeeiiiee e ettt e ettt e e eitreeeeesabteeessebreeessnsbaeessnsaeeessnsseeessnnseeessnns 47
6.1.  What is serial commuUNICAtIONT ..........cooviiiiiiiiiiiieiiiieiite ettt ettt 47
0.2, BaAUA TALE...cooiiiiiiiiiiie ettt st 48
6.3, SEITal NOMIOT «..u.tiiiiiiiiiiieitie ettt ettt ettt ettt e st e st e e sabeesbt e e sabe e e sabeesbeee e 48
6.4, Serial available.......oocuiiiiiiiiiii e e 49
Example 1 —HEIIO WOFIA ............cooccuveieieeiiii ettt e tte e e st e e s sstae e s sssraeessnnsaeesenes 50
Example 2 - ‘Talk’ to the board through SErial POFt ..............ccccoveieeviiieieieiiieeeccieeeerieeeseeraee e 51
SEI-LTAININE ...vveieiiiiieeeeiiie e ettt e et te e e sttt e e e stbeeeeetraeeeesssreeeassssaeesesssseeesssssaeesssssseeesssseeessnnsseeens 54
010010072 oSO USRRRN 54

INEEIACING DEVICES ..eiiiuiiiieiiiiiieeeeieeeeeriiteeesbteeeestreeessstbeeeeeseseeeesssssaeessssseeeesssnseeessssseeesssnees 55
7.1.  Interfacing devices — Seven-segment diSPlay ..........ccceeeereveeeeriiriieeeriiieeerreeeeerrreeesseneeens 55
7.2, Interfacing deVICES — MOLOT......ccccviiireesiiieeeeiiieeeerieeeestreeeeetrreeeeenreeesssereeesesseeesssssseeens 65
7.3.  Interfacing devices —LCD.........ciiiiiiiiiiiiiiii ettt 68

vi



Project 1: Digital thermometer with high temperature alarm function.................cccevuveevevrveennnns 68

7.4. Interfacing devices — Bluetooth/mobile phones..........cccoecvveviiriiiiieniiiiie e 71
Project 2: Switch an alarm signal ON/OFF using a mobile phone...............ccocvevveveeeencinnnennnns 71
Self-training — Do you own professional PrOJECt...........eieervrieeeririeeesiiieeeesreeeeeerreeeesereeeeserneeens 74
SUIMIMATY ..ottt e e e ettt e e e e e e ettt aeeeeeeeesssssessaeeeeeesasssssnssseaeeesesesssssssnaeeeesessnnnnns 74
APPENDIX Quick review on Arduino C++ programing language .............cccveeeerevveeeerireeeesrnneeeennns 75
RETEIEICES. ...ttt ettt et e ettt e et e et e et e e e et e e enteeeasteesneeeenteeeanteeeneeens 81

vii



List of figures

Figure 1: Arduino/Genuino UNO as it appears on the official website..........cceeveviveivicieriinciiee e, 1
Figure 2: USB @dapter .....ccoueeeiiiieeiieeiiee ettt ettt ettt e et e e et e e emt e e enee e st e e aneeeennee 3
Figure 3: Arduino is powered DY @ DAtEIY ........vviieiiiiiieeiiiiieeciiee et ee e etree e et e e eere e e e serreeessnereee s 3
Figure 4: CD player mixes digital and analog SYStEIMS ..........cceerriirriiiieniieeiiee et 6
Figure 5: (a) Positive digital pulse; (b) negative digital PulSe ...........ccovvveireieieereiriie e, 6
Figure 6: ty: pulse width, T: period of the waveform and f: frequency of the waveform (f= 1/T)....... 6
Figure 7: Digital MUITIMELET .......ooieiiiiiiieiieeece ettt ettt ettt e et st e e e eanee 7
Figure 8: Example of positional notation with a radix of 10 .........ccoeeiiiiiiiiii e 8
Figure 9: Example of positional notation with a radix of 2 and its decimal equivalent ........................ 8

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:

Arduino/Genuino Uno board and a compatible USB cable ...........cccoocvvvieivniiieeiiieeeeee, 11
Opening the LED blink eXample.........cccuviiiiiiiiieiiiiiie ettt eerree e eenvee s 12
Selecting the DOATA ........ccvviiiiiiiiiieeciiee et e e e e e stre e e e sere e e e serbeeeesseraeeeenes 13
SElECtiNG the POTt.....vviiiiiiiiiee ettt ettt e st e e e etbr e e e esetreeeesatraeeeserbeeeessnrenaennes 13
) G 1] 131 131 L) TS 14
FINd in TeETENCE. ... .eiieieeiiie ettt ettt e 15
The digital I/O PINS......uvvieeeiiiieeeiiieee et e et e e e st e e e sibe e e e stbreeeesetraeeesssbeeesssesseeesssrseeeas 17
A simple circuit for blinking LED .........ccccceiiiiiiiiiiiiiceeeee et 19

LED POLATILY ...ccitiiiiieiiiieeeeeiiee ettt e et e e ettt e e e e s ttre e e e satbeeeesatbaeeeesaaseeeesssseeeesnesseeeessrseeeas 19
Pull up and pull dOWN TESISEOTS ......vveeeiiiieieiiiiieeeeiiree e e e e eirre e e esetr e e e e ettbeeeeeebreeeeeraeeeas 23
Reading bUtton STATUS CITCUIL ......ccuvrireeiiiieeeeiiieeeeeireeeeeireeeeeirreeeesebreeeesstbeeeeeerreeeeeraeeeas 24
PWM QULY CYCIE ..uviiiiiiiiie ettt et e e e e sttr e e e e satbe e e e eaebaaeeeerreeeas 27
PWM pins are labelled With (=) ......coeoviiiiiiiiiie e 27
Controlling an LED brightness using PWM .........cccccciiiiiiiiiiiiiieiee e 28
ConNECtiNg the DUZZET ......ccouvviiiiiiiiie ettt et et e e eibr e e e e eevree s 31
The analog I/O PINS ......vviiiieiiiiiiciieee ettt e e e e e e serr e e e e sttreeeesttbeeeesebreeeeserreeaas 35
Potentiometer as analog INPUL .........ccccviiiiiiieeeeeciiieeee e e e e e e e e e e e eeeerreeeas 37
LDR a8 aNAlOZ INPUL ....vvviieiiiiieeeiiiiee et e e et ee e e sttt eeesireeeeeiareeeesatreeeesseseeesessseesesssseeeas 39
RTS8 1 1100 ) 01110 TS 40
ANALOZ 1N, PWM OUL.....uiiiiiiiiiic ettt ettt e ettt e e satbe e e e etvrae e eeerraee s 41
LIMIBS PINS c.uiiiiiiiiiee e e e ettt e e e e e ettt e e e e e e e esiettbaeeeeeeeeessaetbaaeeeaeesassssssaeaaaaeeesnnsnsssaeaaaaeans 44
Temperature sensor as analog INPUL .........coooiiiiiiiiiiiiii e 45
Serial vs parallel COMMUNICAtION .......cceeiiiiiiiiiiieie ettt e e e et e e e e e e e e e e e e eaeens 48
Serial MONTEOT ICOM ....eiiiiiiiiie ittt ettt ettt e e e et e e ettt e e e sbbe e e e eabbeeeeaabeeeeeaans 48
SETIAL TNONTLOT ... eeeeiitieee ettt ettt ettt e ettt e e et e e e sabt e e e eabbeeeeaabeeeeenans 49
An example of the OULPUL..........iiiiiiiie e 53
T-SEZMENT AISPIAY .eeetiiieeeiiiee ettt ettt e e ettt e et e et e e e as 55
Wiring the 7-segment display with Arduino ............cccceiviiiiiiiiiiiii e 56
Transistor 2N2222 and its pin CONfIGUIatioN........cccuveeiriiiiieiiiiiiiie et 66
Interfacing motor With ATdUINO.......cccoiiiiiiiiiiiiieeee e 66
Interfacing Arduino with LM35, LCD and a buzzer ..........ccoocceeieiiiiiiiniiiieeeieee e, 69
Interfacing BIUGLOOTH ........cccuuiiiiiiiiii et 72
Sending data from mobile Phone.............cocuiiiiiiiiiiii e 72

viii



List of sketches

Sketch 1:BINKIing an LED .........cccuiiiiiiiiiie ittt errete ettt ettt e e et ee e ssstaeeessntnaaessnssnaeessnnnaeens 20
Sketch 2: Blinking an LED uSing mMilliS()........ueeeiveviiieeriiiieeiriieeesreirieeeeireeeessnreeessseneeeesenneeesssnseeens 22
Sketch 3: Reading DULtON STATUS ......ccceicvriieiiiiiieeiririeeerieeeeerrteeeestreeeeeerseeessstreeeesssnreeesssnsaeessssseeens 28
Sketch 4: Controlling an LED brightness using PWM............ccoociiiiiiiiiiiiiee et 30
Sketch 5: RUNNING @ DUZZET ...eceecvvviiieiiiiiieeciiie e eirete e sivtee e etreeessstbaeessseraaeessstsaeesssssseesssssaessssssseens 32
N 10 S 25 G (o2 PSPPSR 33
Sketch 7: Potentiometer for adjusting the blinking cycle period ..........cccccvveeivciiieiiiciiee e 38
Sketch 8: Analog input using an LDR .........ccciiiiiiiiiiiiiiiie ettt et e e e saree e e eeraee s 40
Sketch 9: ANalog i, PWIM OUL .......oiiiiiiiiiiiiiic ettt ettt e et e e e iraee e eetr e e s eseraeeesstnaeeesseraeeas 42

Sketch 10:
Sketch 11:
Sketch 12:
Sketch 13:
Sketch 14:
Sketch 15:
Sketch 16:
Sketch 17:

TEMPEIAtUTE SENSOT ..eeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaaaaaaaas 45
HEllo WOTIA ONICE ...ttt e ee e 50
Hello WOTIA fOT@VET ......ooieiiiiiie e e 50
TalK 10 ATAUINO .....eeieeieeee ettt ettt e et e et e et e et e st e e eneee e 52
T-SeZMENT AISPIAY ....vviiiiiiiiieeeiiieee ettt e e et e e etrr e e e esebb e e e e sttbaeeesrebaeeeesrsaeeessnraeeannes 64
MOotor SPEed CONLIOIIING ......vvvieiiiiiieeiiiiiee et ee et ee et e e eire e e e ertb e e e e saebaeeseenbeeeesnnraeeas 67
Interfacing LCD and Lim35 ......cooiiiiiiiiiie ettt et sirr e e e s 70
Interfacing Bluetooth to connect a SMartphone ............cccvveeevviriieeerciieeerieeeeereeeeeseveeas 73







	Cover_arduino.pdf
	Teks_arduino_myra.pdf

