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Outline

Day

Activity

Introduction to Arduino development board and Arduino IDE
C/C++ language overview

Basic input / output with Arduino

Overview of Proteus simulation software for Arduino simulation

Interfacing and glowing LEDs with different pattern
Interfacing push button and piezo buzzer
Interfacing atemperature sensor with Arduino

Familiarization with Serial Monitor for input and for output
Interfacing LDR sensor with Arduino
Interfacing PIR motion sensor with Arduino

Interfacing Arduino with LCD (16x2), relay and Servo motor
Interface Arduino with Sonic Sensor for obstacle detection

Interfacing shift register and 7-segment display with Arduino
Interfacing HC-05 Bluetooth module with Arduino
Driving GSM modem with Arduino

Prerequisites:
- Knowledge of C++
- Knowledge of basic electronic components
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Introduction

o Arduino (a Italian company) is opensource HW/SW company
o Designs development board for microcontrollers and microcontroller kits

o lts IDE supports C/C++ like language for writing and burning the code (HEX file) into Arduino
Board

o Useful for learning, experiments and prototyping
o Different Models with different microcontrollers:
Arduino Uno

Arduino Mega
Arduino Nano

O O O o

Arduino Due, etc,
o Selection of particular model depends on requirements
o Many shield and sensors are compatible with Arduino
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Arduino Uno

o Basic board, suitable for most of the projects and

mostly supported by Arduino shields

o It has:

o ATmega Microcontroller 7t0 12V0C input
o Digital 1/0 pins (0 to 13) e
o Pins with tilde (~) can
generated PWM analog
signals
o Power pins
o Analog pins (AO to A5) P—
o Control Pins RREmEa ..
o Power connector g
o USB Port (for connecting ey
with PC) Input voltage
o LEDs (Power, TX, RX & L-for ;. ;
pin 13)
(I2C) sCL

*I2C — Inter-integrated Component for Master-Slave
Communication
*ICSP — In-Circuit Serial Programming

ATmega328
microcontroller IC

Voltage
regulator

ATmegalbU2
microcontroller IC/USB controller

USB-B port
to computer

Reset button

ICSP for
USB interface

(I2C) SCL - Serial clock
(I2C) SDA - Serial data

Pin-13 LED

(SPI) SCK - Serial clock
(SPI) MISO - Master-in, slave-out
(SPI) MOSI - Master-out, slave-in
(SPI) SS - Slave select

ONINQYY - wEisxy

INDOO) &

% 3 \~WNd) TVLISIA

];b:-tu

Note: Pins denoted with "~"
are PWM supported

3 L |
Wwauod

Interrupt 1
Interrupt 2
TXD
RXD

RESET
SCK
MISO

ICSP for

ATmega328
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Arduino IDE

o Allows to write C++ like programs (sketches), compile those and burn those

on ArdUinO boa rd Sketch Ardu‘ino ;Brftﬂ
o IDE is divided into Upload, x g pSave Nime g N
i Blink | Arduino g

Verify

o Command Area
o Title Bar

Sketch

o Menu ltems Name

o lcons
o Text Area

o Message Window
Code

o Port and Board Editor
. 17 // the setup function runs once when you press reset or power the board
O IDE Supports many ArdUIno boa rds r nx: iﬁ::’?g%t{z’e digital pin 13 as an output.
. 20 pinMode(13, OUTPUT);
o Connected as serial COM port 4p

23 // the loop function runs over and over again forever
4 1 loop() {
italWrite(13, HIGH); /7 turn the LED on (HIGH is the voltage level)

ay(1008); // wait for a second

IWriteC13, LOW); // turn the LED off by making the voltage LOW
Lay(100@); // wait for a second

o Port and Board should be selected before

working on project
o Serial Monitor
o |IDE allows to input/output from/to PC.
& Arduino using IDE

onsole

dev/cu.usbserial-ALOIFLIAR

rduino Duemilanove or Diecimila, ATme 1 [dev

Board Processor Port
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Arduino C++

o Arduino C++ is based on traditional C++ except standard library
o Similar keywords, control structures, primary and secondary datatypes etc.

o Arduino library
o Setup function

o
o

The function which is to be executed first for only once
This function is usually used to set certain things like Digital I/O pins, Analog pins, baud rate etc.

o Loop function

o
o

The function which is to be executed repeatedly
All instructions are written inside loop function which are meant to be executed infinite times

o Basicl/O functions

o
o

pinMode — sets the digital pin in or mode (mostly in setup function)
digitalWrite — assigns or value to particular pin number or its
reference until interrupted

Variable = digitalRead — Reads digital value from particular pin number or its
reference to defined variable

Serial.begin — To set serial baud rate for serial monitor

Serial.print and serial.printin — prints string

(enclosed in double quotation) and/or variable value on serial monitor without and with new line
respectively

delay — describe microcontroller to do nothing (wait state) in specific time defined in
milli-seconds
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Example 1: LED Blink

Circuit Code
/*
Arduino Blink LED Sketch
*/
2 void setup()
AREF p——
P%’SCK'B—D'_ Serial.begin(9600); //Setting baud rate
RESET - 5 a0 [t g Serial.printIn(“LED Blink”); //Displaying a message
g 0 | < pe2issiocts 12 g = pinMode(13, OUTPUT); // set digital pin 13 to output
= 0 ~PB1/OC1A |2
g . B | peoceiiciko =N
;91 B8 ek oidioop
29 1 pcoanco g n |
o (SR Bl i e S .
A1 ocumncs 2 | 5 R |2 ~poemT - digitalWrite(13, HIGH); // turn on digital pin 13
i PC4ADCHISOA | g b | B o = delay(1000); // pause for one second
. N\ RX PDORXD [—— digitalWrite(13, LOW); // turn off digital pin 13
N / y delay(1000); // pause for one second
5%
sQ
Q

* LED L is connected to pin number 13 for testing purpose by default
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Verifying and uploading sketch

o Once code is written, it is necessary to compile (verify) the code to generate

HEX file

o If code is without errors, its hex file will be temporary stored on PC by

displaying following information:

o Size of the program (in bytes)

o Size of total Arduino memory (in bytes)
o HEX (output) file can be uploaded

on Arduino using Upload button
o0 TX & RX LEDs will blink during upload

4 r

L 1Imam)

Arduine Uno on COM14

o Arduino board will start executing HEX file once upload is done

o If the sketch has syntax errors

o Display error message by mentioning the exact or expected error

o Compilation and uploading can’t be
continued until errors are removed

4 )

expected °;' before '} token

Arduino Uno on COM14
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Simulating on Proteus

o The example can also be simulated on Proteus simulation software rather
than physical implantation

o ISIS(Intelligent Schematic Input System), a tool of Proteus allows users to
design and simulate electronic urcmts eaS|Iy

& 15
Fie Ves Edit Toos Desgn Grapn Source Debug Lbrary Templste System Help Hie Wew Edi Iods Desgn Graph Source Lebug Library Template System  Help

DEE &% @8 B+ +$9983 |90 ¥ al = @S DEH 8% &= | @+ B389 B Yol ZLEE & 8.
Fol. .EIH DEIE LR SRS e ] ﬂia‘ﬁ@f,/‘ﬁ/lﬂ"\@z\ﬂ* T M ﬂ@ﬂ EICIZIH *iﬁ-a&mh:u::?i?_ﬁi@f/@/ﬂ"\ﬁjkﬂﬁ-
uuuuuuuuu
to ses ob]actsule wingo!
-‘D‘; add gnf;y"mbcl by selecting %ré click °n the
“TERMINAL MODE component to change
Emm— T ) R0
Lol REzrceet =% R1
| RAQIA0 RCIELICEDL |t .
N i RATIAN _“ Rlbd:‘ﬁwh'ﬁl: ﬁ
Ob_]ect L RASIANIARER ROtk (i
- = “ | RrdiTo09 ony TROT e
scleet Schematic edit space SRR monsl 2
sl Hjmeam  meeesih ehaes
WINAOW IS e e ([ 2B | npaants R SR 2L gt o
g__.. REZCCFZE ROSFS ﬁ
RB4 RDAF S
2| ppspan ROTEER [0
| ppapac :
W1 npzpoc REOATE!AS i
B
CAEFaEE
ARl
COF ot [l un[m]|d o Mesiozes
e REIN 4EN0 cofF ot [rIn]nlmjo Mo Mesanges

o ISIS supports wide variety of components

o Selected components are visible in object select window, while complete circuit is in
schematic edit space

o Components (including power source) can be selected via menu buttons
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Simulating on Proteus

o The components from Pick device window can be search via their names or model numbers
olessional - 2 I | | | Ll e r—_ I | |

Fie ew fci Tocs (N PLA:Y | | ﬂcs@::m [ |

> A% BER ;saafd& TCh_hfﬁ = Likaty | Ueseiglion [l :TEPFJ'_AUSE

Matchihobs Wads? PIC1BF2630  PICHICRD  FIC1B Mictocontrolles (6448 code, 33288 data, 10248 EE
Shom orly parts wih macek? PICTEFI6E2  PICMICRD  FICTA Microcontroler [S8B code, 3088 daba, 1048 EE
COF (&% n|o
Root shest 1 18504

el UNLTLED

STOP

PICIOF2695  PICMICRC  FICT D Micsecontioler (9550 cods, 20200 data, 10240 EC
Categors: PO 2B FICMILEL HLTS Micsocantroler [B3RE code 3Y35H dala, TU248 EFY
[{AilCotegoresl | PICISFI6AZ2 PICMICRD  FICTS Mictoconirolier (S4B cods, 39958 data, 568 EES
Micoprocessor ICs FIC|8F4220  FICMICRC FCIS Mictocontoles [4<B code 5126 data, 2563 EPFOL
PICIOT20  PICHICEC  EICTS Micsocontroler (4<8 coda, 5128 data, 2568 EPROI
FICT6F4320  PICHMICRC  FICT§ Micsocontiole (828 code 5126 data, 2563 EPFOL
PICAF&EM PICMICRD  ACTE Micsanantoler [A<R code. 5178 dals, 2568 FPRNI
PICIOT4301  PICHICAC  FICT0 Micsocontrofier (050 code PG00 data, 2560 CPTOK

FIL =880 FICMILEL  HLTE Mictocontolies [H<B code 5128 data. i & FREUL
D()uble JPICIgFa322 PICMICRE  FICIS Mictooantrolos (S48 oode, B12E doka, 2568 EEPR(
. FICHICRC  FICTS Mictocontiolied (1548 code 7668 daxa, 06 EFBUM__

Bt DEVICES
CEPACITCR

FILTHR a5
RESISTOR

. =

click PICT 87442 (CRO FIC1S Miciocomtiule (1545 coue 7668 deha, 2556 EFRO
PiTiRFE47] PR FIFTR Micsomnlioli (135R ek, FRER Aata, 2FER = PRY

PIC0Td4 CAC  FICT0 Microconteoles (1240 code 7600 data, 2550 CPNIO

o a.ppcar FIL 84438 LR FILTE Mictocantioles [1 248 cooe B20H data, J55H EFHI

PAC18F 4450 CRO  FICIE Micsoosntiokier [134B cods 7602 date, Pasts AE, 1) ‘

PICHICRC  FICT# Microcantrolies [15hE code, 7REE data, 25CR CEPF ‘

Grspn fowce Debag Loesy Tewalsie Jster el

= |tBaad|oe xoua | EEEE &8, E oG BLUEA|E (T

h W FICT 874455 CRC  FICTS MictocontioBes (2448 code 20436 dala, 2568 EXPT
cIre P87 4458 TR0 FIC12 Mictocontioller (LB cade 20438 dals, 2588 ECPY
RO FICTS Miaocsitole (1548 ke, T5EE Jala, 2068 ZEFF
FICIRFA4AN RO FIC1E Micaneanliober (135R ek 7RER data, 2568 - FEF

Tapmi i Decazz 0t
i Fucuna [
PICTOF441D RO FICTS Microcontioles (1300 cods 10240 dala, 03 CPROK [ e R B LIRC
FIC Gradra0 FC  FICTE Microcontioder [1566 cods 7has data. 1556 EFRO Slim o by 2ot wib el LI
PICTBFA4EZZ 0 FACTE Micsooonteclles [124B cods, TEER dats, 2EER ZEFF
0 FIC1# Microcontioler (3246 code 15358 dala, 08 EPFON
RO FCTE Mictocontioller [434B code 39538 data, 03 EPROM Emnd=t
FIC187452  PICHICROD  AIC1S Miawcmbole (320 cods, 15358 Jas, 2068 EES
PICI874520  PICMICRD  ACTE Mictocontiolier (324 B code 15350 dala, 2568 EPR |

AL w I LI Mravvies:
] [s/8w DL vore BF2DLLLL iqd. 1o

02 (A Tregs 2001
e

Zamga:

L ANDUIHO UHO N
SANDUIHOL
o Harsh 112012 201712 2P

ey ﬁ = T PIC1874523  PICMICRD  FICTS Micsocontiolies [320B code, 15268 data, 256E EPF
PICTER4525  PICMICED  ACYE Microcontiolier (4318 codz 3955 dala. 1kE EFRO
Rk Miniscue: PEIGE PHIORE FCIS Mizecanole 203 cod 1088 oo S0 EZR

o The simulation can be started, paused and stopped using the buttons at bottom of ISIS

o ISIS-Proteus 7 doesn’t not provide Arduino Library by default, therefore:
o Download Arduino Library and extract it

o Copy the extracted files into (ISIS is needed to be closed):

o After including the Arduino library, Arduino board can be added pick device window by
writing name of the board.

10
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Simulating on Proteus

o Arduino module now needs the HEX file for simulation.

o HEX file can be obtained via Arduino IDE
o Open preference window from File tab in IDE
o Under setting tab, apply locate “ ”and check the box

Selorss | heswork

Seetchoook lzation:
T lserslmnsis Cocumentsidraing Tonze
-zrer langusge: | Svstes Uefaht 2y egaresrestate” Adare]
Zilur ol sice _;1_
v = ettt dng: [¥] romadatas |7 apinat
Suy ey Te—
[T o -
iag” i Mame Date modified Type Size
|2 vertf; code #12- unoad
Bl | core 09-Mar-16 5:40 PM  File folder
) libraries 09-Mar-16 5:40 PM File folder
| preproc 09-Mar-16 5:40 PM  File folder
cketch 09-Mar-16 5:40 PM File folder
|| build.cptions.json 09-Mar-16 5:40 PM  JSON File 1
|| LM35.ino.eep 0%-Mar-16 5:40 PM_ EEP File 1
|| LM35.ino.elf 09-Mar-16 5:40 PM ELF File 71
| || LM35iino.hex 09-Mar-165:40 PM = HEX File §2
L] EM35.inowith bootjasdas e sndilanlE 1‘5:40 PM  HEX File 13
| Tunes HEY Fila

o After verifying the sketch, HEX file can be located from the path shown in message window
o File path can be viewed by pasting the path in Run dialog box
o HEXfileis then to be included in Proteus by double clicking on Arduino & selecting HEX file

o Simulation can be started after completing the circuit and adding HEX File 1
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Example 2: LED Fade

o Connect LED with PWM pin (e.g. pin 9) and with GND
o The example code can be opened from rile=Examples=01 Basics>Fade

AREF |—
, PB5/SCK -—1—%
—| reser : : PBAMISO [—2-
G H [~PB3/MOSIOC2A —= ﬂ
C 0 | ~ PB2/SSIOC1B e
L -] ~PB1/OC1A [— D‘—
E z g PBO/ICP1/CLKO
& 0 RO
- E g g @  PD7/AIN1 -—g—- o=
11 [— < § P |3 _~Pooamo—-
&1 pc1/anct Q g £~ PO =4
® | g < B |5 PDATOXCK f—
22 1 pcosanc2 N 3
B | s 2 | B 1 |3 ~PD3/NTI [—- -||7
A4 C 0 [ pPoINTO -
22 pcaapcarspA | H | 2 1
221 pesiapcsiscL) g b o e [0
N\ /
> >
82
c QO
=z
o}
cC
=
o
A
w

12
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Example 3: Traffic Signal (Exercise)

o

o

Connect 3 LEDs with digital pins (e.g. pin 9) using 270o0hm resistors and with
GND

Write program to glow those LEDs with different time periods, i.e. RED = 3s,
YELLOW = 0.5s and GREEN =4s

The glowing order should be like Red — Yellow — Green — Yellow - Red

ARD1
AREF f—
, PB5/SCK —-—8 R1 R2 R3
« | ey O ul PBR4/MISO i 270 270 270
= H  |~PB3/MOSIIOC2A |—
= b | ~ pB2/SS/OCTB ;0
= H ~PB1/OC1A [—
g __ P | peocriciko D1
H & B2 . @Z
2 9 § B|e pomamif LEDRED
B pcomoco By gd § B |E PROANOIS
AL 1 pci/apct Q g 5 P D2
AD ® | § < B |5 PD4moxcK f— V4
22 pcomoc2 2 | g 5 1% "o 12 LED-GREEN
£ 1 pca/aDcs 2 2
A1 ocumpoaisoa | O P |5 oo
A5 O 0 | = Ll
A5 1 pcsapcsyscL = I D3
& H N RX PDORXD LED-YELLOW
N /
ARDUING UNO R3
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Example 4: Controlling DC motor

o DC motor has 2 terminals +ve & -ve. Motor start working when those

terminals are connect to DC supply.

o Components:

o 12V DC power supply (5V in case you have a 5V DC motor) X1
o 1N4001 or equivalent back EMF blocking diode X1
O 2N2222 NPN transistor X1
o 5Vor 12V DC motor X1
o 270 ohm resistor X1
ARD1
int motorPin = 13;
void setup()
g Lo g }pinMode(motorPin, OUTPUT);
RESET = 0 |-PR3/MOSIOC2A
O H | ~ PB2/SSIOCIB .
I e }’O'd loop()

z E 5 ;l g PD7/AIN L . . .
.38??2835’% : : B |2 digitalWrite(motorPin,HIGH);
ronocz 5 | h |3 T delay(5000);

B | o B (2 o rotmo digitalWrite(motorPin,LOW);
= while(1);

N
ARDUINO UNO R3

} 14



} Electrical Engineering Department, QUEST, Nawabshah.

Using Breadboard

Allows to design circuit connections without permanently soldering those
Divided into matrix of rows and columns
Columns of single block are connected with each other

While, 2-piece or 4-piece rails are use to be connected with power supply to
provide to components

O O O O
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Exercise

o Simulate a ISIS-Proteus Project using Arduino with eight LEDs.
o Blink them in an endless loop in the sequence:
1-2-3-4-5-6-7-8-7-6-5-4-3-2-1-2-3-...
o The delay b/w steps should be following by three combinations
o one second

o Half second
o Quarter second

16
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Questions

17



