S.P Group of Institute qp

Internet of Things and its Applications Notes
Unit: Building loT Applications

01. Arduino IDE 3R Sketch Workflow

Arduino IDE & software environment & fS/# Arduino board & ferg program fe=ar, compile, debug 3R

upload f&am SITaT 1 Arduino program @i sketch gl SITaT & 3R g9t file &1 extension JHETIG: .ino giar
gl

Sketch & T=T WAT

void setup() {
// JE O FIA T& IR Fodl 8
}

void loop() {
// TE WF IR-9% Fodl &

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

[WriteSketch] — (VerifleompileJ — [ Debug J — [ Upload ] — |Board Run|

Arduino IDE # board 3R COM port g7e< compiled program @t board &t memory & =TT S1aT &1

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

Compile, Debug 31 Upload

o aref

Compile / Verify Code @t machine instructions & &&aT 37 syntax errors @1
Debug Error message, line number 3f logic @ 3@ehe THET Sk el
Upload Compiled sketch @t USB & gRT Arduino board TR transfer @1
Serial Monitor Board ¥ 31 a@TeT text/data 34T 3fR serial input ST

9= workflow: Board connect &R - Tools ® Board 3R Port 94 - Verify @< - Error g af gur -
Upload @2 — Serial Monitor & output &1
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02. Embedded C Basics: Variables, Types 3R Operators

Arduino programming Embedded C t= 3memiRa 1 Variable T& A1f#a memory location g fS value
store gidl &1 Identifier variable, function a1 object @7 valid 919 a1 &1

Variables 3R Identifiers

int temperature = 25;
float voltage = 3.30;
char grade = 'A';

bool ledState = false;

Data Type IUGHT

int quifes values, 91 0, 25, -4

float decimal values, 5% 3.14

char Uek character, 59 A

bool true 41 false

byte 0 ¥ 255 @ BIeT unsigned value

Arithmetic Operators 3R Assignment

Operator o
% Sitg, gerd, T[UT, |HT
% remainder / S9he

= right side & value left variable & @1

+=-= %= [= short assignment J& x += 2
4 - value @l 1 I a1 g1
int a = 10;

int b = 3;

int sum = a + b;
int remainder = a % b;
a += 5;

Identifier # space gl gdT1 I8 letter a1 underscore d & gHT ATRY 3R keywords 14 int, if, for &t
identifier < d¥g IUTNT g ST T1fRTI
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03. Constants, Literals 3R Conditional Statements

Constant @8 value g fSi® program & &9 dgeHT a1 a1ieq| Literal code # fordt 713 fixed value gidt g, S
10, 3.14, 'A' a1 true.

const int LED_PIN
const float LIMIT

115}
30.0;

int value = 25;

if (value > LIMIT) {
digitalWrite(LED PIN, HIGH);

}

Relational 3fR Logical Operators

Operator aref

== TWELE

= AR T8I &

>< g1 / BT

>=<= ST I7 TR | Bl a1 sRIER
&& 2T conditions true &t

| & & &H U condition true &
! condition T 3T

if-else Decision

if (temperature >= 30) {
Serial.println("Fan ON");

} else {
Serial.println("Fan OFF");

}

if statement condition true 1 TR statements ITET &1 else condition false g9 W alternative statements

IATdT &1 s choices & 1T else if chain T & ST &1

&I &: comparison @ felg == 3fiR assignment & T = IualTT gla1 &1 37 a1 &f = 9 logic error 8t
Tehdl &1
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04. Loops: while, do-while, for 3fR switch

Loop et statement a1 block &t IR-aR Te= & forg 3uahT gtar 81 Loop H initialization, condition iR
update @i Tgl @1 St g

while 3R do-while

int count = 0;

while (count < 5) {
Serial.println(count);
count++;

}

int x = 0;

do {
Serial.println(x);
X++;

} while (x < 3);

while loop & condition Tget check gidl &, 39feiT loop zero times ft T« ¥arar &1 do-while & block gt ek
IR IadT & iR fR condition check gidt &1

for Loop 3R Nested Loop

for (int 1 = 0; 1 < 10; i++) {
Serial.println(i);

}

for (int row = 1; row <= 3; row++) {
for (int col = 1; col <= 3; col++) {
Serial.print("*");
1
}

switch Statement

switch (mode) {
case 1: Serial.println("AUTO0"); break;
case 2: Serial.println("MANUAL"); break;
default: Serial.println("INVALID");

}

Infinite loop @& &-1dT & 1@ condition @3t false &l &<, SI& while(true) a1 THT counter S update 7 o
SITY1 Arduino ® loop() W TR dldT &, 9ol 3/ & loops &t daemt & fod|
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05. Arrays: Single Dimension Array

Array 99 data type it &3 values @l Ua al 91 & 3idifd store &=ar &1 Single dimension array &
elements T line aT list ST a%g 8l €1 Index §A2M 0 ¥ & 81T &1

int readings[5] = {21, 23, 25, 24, 22},
Serial.println(readings([0]); // 21

readings[2] = 26; // value SgeHT
int last = readings[4];

Array declare 3iiR manipulate &A1

v SETE0T

Declaration int data[5];

Initialization int data[3] = {10, 20, 30};

Read value = datali];

Update data[i] = newVvalue;

Length int n = sizeof(data) / sizeof(data[0]);

int sensor[4] = {10, 20, 30, 40};

long total = 0;

for (int 1 =0; i < 4; i++) {
total = total + sensor[i];

}
float average = total / 4.0;

Index 0 Index 1 Index 2 Index 3
21 - 23 - 25 - 24

Array hi 99T &1 &= 39 Tfe array & 5 elements 8, af valid indexes 0, 1, 2, 3 3R 4 gl
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06. Functions: Prototype, Parameters 3iR Return Type

Function reusable code @T Y& named block &1 399 program modular, readable 3R maintainable s=ar
&1 Arduino H setup() 3z loop() oft functions g1

Function <hT structure

// Prototype
int add(int a, int b);

// Definition
int add(int a, int b) {
return a + b;

}

// Function call
int result = add(4, 6);

HAT o

Prototype Compiler @t function @ AT, parameters 3fR return type Tgel s 21
Formal parameter list Function definition & 31 aTet parameter names 3R types|

Return Type Function f&= type & value siergem; value 7 & & void|

Function Call Function @ =T @ statement; arguments pass frT &1 Tena &1

void blinkLED(int pin, int times) {
for (int 1 = 0; 1 < times; i++) {
digitalWrite(pin, HIGH);
delay(200);
digitalWrite(pin, LOW);
delay(200);
}
}

Function @l ®ieT 3R single-purpose &1 389 sensor reading, display update 3R actuator control
I S-S test HET AT gidT &l
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07. Digital 3fR Analog Pins: LED dT Button

Arduino pins devices ® input @+ T output &= & foTg IuLhT g &1 Digital pin IA™Id: HIGH ar LOW &t
states T&aT &1 Analog pin voltage level @t ADC & gRT numeric value # SgerdT g1

Pin type Eop

Digital input Button a7 switch & HIGH / LOW TgT

Digital output LED, buzzer 4t relay &l HIGH / LOW @&=AT

Analog input LDR 3T sensor @& a&aidT voltage TgAT, S analogRead)()

PWM output & digital pins W analogWrite() & brightness a1 speed control

LED iR Button Example

const int LED = 13;
const int BUTTON = 2;

void setup() {
pinMode(LED, OUTPUT);
pinMode (BUTTON, INPUT PULLUP);

}
void loop() {

int pressed = digitalRead(BUTTON);
digitalWrite(LED, pressed == LOW ? HIGH : LOW);

[ Button J — [DMHNPMZJ _.[ AMMno) q.[Dbkam13] — [ LED )

INPUT_PULLUP # button g9 T reading ImM=ad: LOW fierdt g1

e —————

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

LED & 919 current-limiting resistor @¢| Button circuit # floating input & s== & foIT pull-up 4T pull-
down e T |
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08. Sensors: DHT, LDR, MQ135 3R IR

Sensor physical quantity @ electrical signal # agaar &1 Arduino 39 signal @ read & display,
decision T actuator control & foIg IuatT & Tehdr &1

Sensor T /19T @ 3¢ pin method

DHT Temperature 3R humidity; digital communication, DHT library
LDR Light intensity; resistance @&« &, analogRead() ¥ value
MQ135 Air quality / gases T approximate analog signal

IR Sensor Infrared light & obstacle a1 object detection; digital/analog output

DHT Sensor Example

#include <DHT.h>

#define DHTPIN 7

#define DHTTYPE DHT11
DHT dht(DHTPIN, DHTTYPE);

void setup() { Serial.begin(9600); dht.begin(); }
void loop() {
float t = dht.readTemperature();
float h dht.readHumidity();
Serial.println(t);
delay(2000) ;

Analog sensor reading

int light = analogRead(A0);
int air = analogRead(Al);
int obstacle = digitalRead(4);

Sensor reading @&l raw value & meaningful unit § ge & oY calibration 3fi datasheet &Y SR
37T gl "ehd! &1 MQ135 &I output exact laboratory measurement gl HTHT ST ATf8U|
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09. LCD Display 3R Keypad Interfacing

LCD sensor data @ user & I8+ text & ®9 # fe@m & forg Iugh glar &1 Keypad user & number, mode
a1 command input A= T a<ieT &

16x2 LCD Example

#include <LiquidCrystal.h>
LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

void setup() {
lcd.begin(16, 2);
lcd.print("IoT Monitor");

}

void loop() {

lcd.setCursor(0, 1);
lcd.print("Temp: 25 C e
delay(1000);

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

[ Sensors ] — ( Arduino ) — [LCD Display]

lcd.setCursor(column, row) & cursor = position S&ed &; row 0 a1 1 gl &1

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

Keypad @rT faa=

Matrix keypad & rows 3R columns gia &1 Arduino Ye-Teh row 3R column scan e pressed key
ggaar g1 Keypad library scanning @t 93e a1t 81

#include <Keypad.h>

// rows &R columns & pins define &=
// keypad.getKey() ¥ pressed key g
char key = keypad.getKey();

if (key) { lcd.print(key); }

LCD output 37k keypad input e/ menu-based 10T device ST 9ad &, S1& password lock,
temperature setting @1 manual control panell
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10. Serial Communication 3R HC-05 Bluetooth

Serial communication # data bits @ stream & ¥4 # & device & &R device T Wi SI1aT g1 Arduino &
Serial Monitor 37X aTg<t modules & f&w UART serial communication 3uaitift &1

HC-05 Connection

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

ArduinoTX | — [ HC-05 RX ] — [Bluetooth Phone]

[Arduino RX) — [ HC-05 TX ]

TX 3fR RX cross-connect 8id &1 &1 devices &T GND common g1 ITgy|

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

Pin o

VCcC Module &' supply; 3/0= module &T voltage rating &3
GND Common ground

TXD HC-05 & Arduino &t 37k data

RXD Arduino & HC-05 &t 3R data; level compatibility &

SoftwareSerial Example

#include <SoftwareSerial.h>
SoftwareSerial bt(10, 11); // RX, TX

void setup() {
Serial.begin(9600);
bt.begin(9600) ;
1
void loop() {
if (bt.available()) {
char ¢ = bt.read();
Serial.write(c);
1
}

HC-05 & RX pin &I voltage requirement Siid | S%=d g IR voltage divider &Y | TTeid wiring T Tetd
baud rate & unreadable characters fie Ied &1
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11. Relay Module § 220V AC Control

Relay electrically controlled switch g1 Arduino @&T low-voltage signal relay coil @ module @t control
T & 3R relay contacts 31T load &t ON/OFF &d g1 399 microcontroller 3R load & & isolation
AeT dahdlt 21

[Arduino Pin ] — [ Relay Module) — [ COM / NO Contacts ] — AC Load

Arduino signal &ae relay module @t control 2T &; load %Y power relay contacts ¥ TRt &1

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

Basic Arduino control

const int RELAY = 7;

void setup() {
pinMode (RELAY, OUTPUT);
digitalWrite(RELAY, LOW);

1

void loop() {
digitalWrite(RELAY, HIGH);

delay(5000) ;
digitalWrite(RELAY, LOW);
delay(5000);
¥
Contact aref
COoM Common terminal
NO Normally Open; activation U2 connect
NC Normally Closed; activation @ disconnect
'd . ) Y
220V AC ST-idT gt 9ahdT &1 Mains wiring &ad qualified person & @=1U; power disconnect 3@,
insulated enclosure, fuse 3R proper earthing 3T 3UaT &< | Breadboard TR exposed 220V wires 9
|
A S

Exam concept: Arduino low-voltage control signal — relay coil/module — isolated switching
contacts — AC appliance. Relay &t voltage iR current rating load & 31fre gi-t a1fgul
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12. Building loT Application: Complete Flow 3iR Revision

Qeh complete application <rT flow

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

( Sensor Data] — [Arduino LogicJ — [ Decision [ LoopJ — [ LCD / Bluetooth ]

1 T
— [ Actuator Action J

Stage ELUSL
Sense DHT & temperature 3R LDR @ light g
Process if-else, loops, arrays 3R functions & data ST
Display / Communicate LCD W f&@m T 3k HC-05 & phone @t SisiAT
Act Relay, LED ar buzzer @l control AT
Test Serial Monitor, compile messages 3R measured output & verify &A1

Revision Checklist

Arduino IDE # Board 3fR Port g=4T1; sketch # setup() 37 loop(); variables 37k data types; arithmetic,
relational 37 logical operators; if-else, switch 3R loops; single dimension arrays; function prototype,

parameter 3fR return type; digital 9T analog pins; DHT, LDR, MQ135 3fR IR; LCD 3fR keypad; HC-05
serial communication; relay g=1 AC load control.

Exam Tip: farelt interfacing answer & &2 pin connection, library / function, ®feT code flow 3R
safety point ferg|
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