Internet of Things (IoT)
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A system of interconnected devices that
communicate and exchange data over the

internet.
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Key points:
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e Devices connect smoothly through Wi-Fi,
Bluetooth, or other networks for
continuous data exchange.
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e Ensures different devices and systems work
together efficiently.
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e Collected sensor data is analyzed using
algorithms to produce useful insights.
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e Sensors detect environmental factors like

temperature, motion, and humidity.
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e Strong protection is required to prevent
data breaches and cyberattacks.
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e Easy control through apps or voice
commands for smooth user experience.
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IoT Applications
IoT exg®

e Smart Homes
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IoT devices are commonly used in smart homes
to enhance convenience, safety, and energy
efficiency.
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Examples include smart thermostats, lighting
systems, security cameras, door locks, and
appliances that can be controlled remotely via

smartphone apps or voice commands.
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More about smart homes:

https://youtu.be/GFtvYFZhlao?si=ME-
t_6ZtXIZfV_ug

https://youtu.be/LW-WolrFcBc?si=04Sr-
6R62kzcCIF9
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https://youtu.be/GFtvYFZhlao?si=ME-t_6ZtXlZfV_ug
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e Healthcare
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IOT devices are used for remote patient
monitoring, medication management, and
improving the efficiency of healthcare delivery.
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Wearable devices such as smartwatches and
fitness trackers can track vital signs, activity
levels, and sleep patterns, providing valuable

data for both patients and healthcare providers.
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Examples of loT Medical Devices

Moodables Smart Pills Healthcare
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Hearables Smart Insulin Pens Computer Vision
Thermometers Technology

More about IOT healthcare:

https://youtu.be/jh5U5BnpGN8?si=A7Dwos8b
QVpPJVcC

https://youtu.be/jZg5QhL3Ckc?si=Lcbzztgwvt
wmholp

e Industrial Internet
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Also known as Industry 40, IoT s
revolutionizing manufacturing and industrial
processes by enabling predictive maintenance,
asset tracking, and real-time monitoring of
equipment and production lines.
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This improves efficiency, reduces downtime,
and enhances overall productivity.
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More about Industry 4.0:
https://youtu.be/b9mJrzdIfR8?si=yL1LWr)7bKv
ESERXx

More about Industrial IOT (IIOT):
https://youtu.be/HmbUJEShA-
8?si=MDrUPTZ1N6Raclkr
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https://youtu.be/jh5U5BnpGN8?si=A7Dwos8bQVpPJVcC
https://youtu.be/jh5U5BnpGN8?si=A7Dwos8bQVpPJVcC
https://youtu.be/jZg5QhL3Ckc?si=Lcbzztgwvtwmholp
https://youtu.be/jZg5QhL3Ckc?si=Lcbzztgwvtwmholp

e Smart cities
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IoT technologies are wused in smart city
initiatives to improve urban infrastructure and

services.
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Examples include smart traffic management
systems, waste management solutions,
environmental monitoring sensors, and smart
streetlights that adjust brightness based on

usage patterns and natural light levels.
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Read more about smart cities:

https://youtu.be/vCzmxg9y7gA?si=0dCQ3J_Vc
XA2yzQg
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Top smart cities in the world:

https://earth.org/top-7-smart-cities-in-the-
world/

e Agriculture
28O

IoT is transforming agriculture through
precision farming techniques such as soil
monitoring, crop monitoring, and automated
irrigation systems.
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Sensors Application Level

Help farmers optimize resource usage, increase
crop yields, and minimize environmental
impact.
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Read more about IOT Agriculture:

https://youtu.be/hXC7vCcg2xo?si=iTiKIXFIxRsF
r1Bw

Use cases:
https://easternpeak.com/blog/iot-in-
agriculture-technology-use-cases-for-smart-
farming-and-challenges-to-consider/
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https://youtu.be/hXC7vCcg2xo?si=iTiKfXFIxRsFr1Bw
https://youtu.be/hXC7vCcg2xo?si=iTiKfXFIxRsFr1Bw

¢ Retail
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IoT is used to enhance the customer experience,
streamline operations, and gather valuable
insights into consumer behavior.
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Examples include smart shelves that
automatically track inventory levels, beacons
that send personalized offers to shoppers'
smartphones, and cashier less checkout

systems.
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e Transportation and Logistics
5Or®® o) e5tesmy®

Used in logistics for fleet management, vehicle
tracking, route optimization, and predictive

maintenance.
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These solutions help companies reduce fuel
consumption, improve safety, and optimize

supply chain operations.
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e Energy Management
RemSS DECODMDOMNE

IoT devices are used to monitor and control
energy usage in buildings, factories, and
utilities.
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Smart Grid : The Electrical Grid of the Future
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Smart meters, energy management systems,
and grid optimization technologies help
optimize energy consumption, reduce costs,
and minimize environmental impact.
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Technologies that enable IOT
IOT 806 @6 ammesmncs

e Wireless Connectivity
Sz OB BBRSD®

IoT devices rely on wireless communication
technologies like Wi-Fi, Bluetooth, Zigbee, Z-
Wave, LoRa, and NB-IoT to connect to the
internet and to each other.
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e Sensors and Actuators
oebew e §orwdedsS

Sensors collect data from the physical world,
measuring parameters like temperature,

humidity, pressure, etc.
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Actuators act upon this data, performing
actions such as controlling lights or adjusting

environmental conditions.
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Ex. Temperature sensor, Motion sensor

Sensors will be covered in a later section.
&5068¢cty BERE 65658 pEOENE 60960,

e Cloud Computing
Om® sO®E:MDG

Cloud platforms provide scalable infrastructure
and services for storing, processing, and
analyzing large volumes of IoT data, enabling
centralized management, data aggregation,
and advanced analytics.
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Ex. Amazon Web Services, Microsoft Azure

aws

Ml Microsoft
H Azure

e Edge Computing

Edge computing brings computational power
closer to the data source, enabling real-time
analysis and decision-making by processing
data locally on IoT devices or at the edge of the
network, reducing latency and bandwidth
usage.

Edge computing ®8&s cdo us 6O
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Ex. Raspberry Pi, NAVIDIA Jetson

Edge Computing
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Cloud Data Center
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EDGE

Internet of Things
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e Data Analytics and Machine Learning
oo Bedesm o® 6By 96OHO

Analytics  techniques, including machine
learning and artificial intelligence, derive
actionable insights from IoT data, facilitating
applications such as predictive maintenance,

anomaly detection, and optimization.
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Ex. Anomaly Detection Model

e Security and Privacy
PO®D 658 659CHZSOB

Security measures like encryption,
authentication, and access control protect IoT
devices, data, and networks from cyber threats
and unauthorized access, ensuring integrity,

confidentiality, and availability.
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Ex. AES encryption, 2-Factor authentication

Two-Factor Authentication

Login Authenticate Access

Challenges of IoT
IoT 8 gBexi®

1.

IoT devices often collect sensitive data (like
personal, health, or location information).
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Weak security measures make them
vulnerable to hacking, data breaches, and

unauthorized access.
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Storing, processing, and analyzing massive
amounts of data generated by IoT from
millions of connected devices is a major
challenge
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Since IoT devices rely on continuous and
reliable internet  connections, their
performance can degrade or fail in areas
with poor network coverage.
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As IoT networks grow, maintaining
performance, security, and  device
management across thousands or millions
of devices becomes complex.
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Faulty sensors or poor calibration can
produce inaccurate data, affecting

decision-making and automation reliability.
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The initial setup cost for IoT infrastructure
(devices, sensors, gateways, and software)
can be high.

[oT 0@ o638 (Ees0®, t306dem, &and
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Embedded Systems
el sEBRS

A computer system designed to perform a
specific task within a larger system.
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Consists of both hardware and software
components that work together to carry out
dedicated operations in real time.
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Follows Input, Process and Output (IPO) model.
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Sensors capture the state of the physical world

like heat, speed and light as inputs.
50688 G, 6EME 658 PRI DS 69SwD
63 DG PEI® 6@ WBWHIB WOHB.

Processor processes them according to a

program and produces outputs.
i Ore0n®DO gnd Fo) wen god
5B Beseda.

Input Process Output

®ReseT) pee [1] O

(28 PC5 (ADC5/SCL)

(RXD) PDO [2_] 27 PC4 (ADC4/SDA)
(TXD) PD1 [3] [26 PC3 (ADC3)
(INTO) PD2 [4| [25 PC2(ADC2)
(INT1) PD3 [5 | 24 PC1 (ADC1)
(XCKITO0) PD4 [6 | [23 PCO (ADCO)
Vee [T} ATMEGA 328P [22 GND
GND [8] 21 AREF
(XTAL1/TOSC1) PB6 [9 | 20 Avcc
(XTAL2/TOSC2) PB7 fi0 | 19 PB5 (SCK)

(T1) PD5 fiT]
(AINO) PD6 2|
(AIN1) PD7 [i3]
(ICP1) PBO f14]

18 PB4 (MISO)

[17] PB3 (MOSI/OC2)
16 PB2(SS/OC1B)
[ 15PB1 (OC1A)

Microcontrollers
DY SHED

A small computer on a single circuit that
includes a  processor, memory, and
input/output ports, designed to control specific

electronic devices or systems.
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ATMEGA328P, ATMEGA2560, ESP8266 are
widely used microcontrollers for development
boards.

ATMEGA328P, ATMEGA2560, ESP8266 o
000D 50T BEH) DV 6L D) OD
DYE NED 6D.

Memory a0 ¥
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< Microcontroller

Widely used microcontrollers
AR 6@t o) DO® BYE SIED

Arduino Nano 33 Arduino Nano Every Arduino Nano 33 Ble

L) ~=
Arduino UNO Teensy 4.0

iy
@ onion ( 25

Particle Argon

Onion Omega2s+ ESP32
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Microprocessors
DY BWHD

Microprocessor

Input
vt )

Core™i7

Memory Unit
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A programmable integrated circuit (IC) that
processes all the instructions and tasks involved
in computing.

sD®MDDOMEO BRBR BHE® coectl ©®
IBEES 5w PORROD DS O t5o®IBD

8030 (10).

It serves as the brain of a computer or any
digital device by executing instructions from a

program.

DeBednaBs coecs Somsen SBHed D
sDOMDED 65 D@ oD ELN0MEE 6BISH
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Microcontroller vs. Microprocessor
DYE SHEWG VS. DS C3IWEIWE

OEe, BENBDE B e VGG
BEH) O 6.

Aspect Microcontroller Microprocessor

o DYE QDB BYE WEIWE

Purpose Used for specific control tasks in Used for general-purpose computing.
go@en embedded systems. D@D B SO@HDDOLICE ESEH)

NS 68.

Integration

TR BB

CPU, memory, and I/O built into one chip.

CPU, ®omc e [/0 O Bescamd FaneR
20 eTo.

CPU is separate from memory and
peripherals.

CPU ®ow6 659 esBosss Ce300® OBS
60D .

Memory Has built-in Flash/ROM and RAM. Needs external memory.
Cleatnles BS0-958 Bezd/ ROM &® RAM ago. 0BG Bowe gOes 6d.
I/O Includes built-in I/O ports, ADC, DAC, Needs external components for I/O.
Peripherals timers, etc. [/O e B0 5000w gdms 68.
I/0 et ¥E0-9%5 1/0 6530, ADC, DAC, o&@d
e e 6d.
Power Use Low power consumption. Higher power consumption.
D DG a8 R sdemiesm. 9mE D sdemIesmes.
Cost Low cost. High cost.
tSlelade:) &f) BBBe. i BBB.
Complexity Simple and task-specific. Complex and powerful.
BoBVIBOG | B0 &5 IVEEGE-DendD. 5oSVE €5t DEDD.
Examples Arduino, ESP32, AVR. Intel Core, AMD Ryzen.
CEBOEN
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Microcontroller based development systems
BEE SIED O 5cH® § 0D SEOS

A combination of hardware and software tools
that help design, program, and test

microcontroller applications easily.

DB NED 665D 5weeds SHEgne SHBO,
DPEDHE BHOO 329 B BHOD cesnd D
catho® 5% Bagimo® 60DQBDE DRDS.

NOTE:

Development boards
83000 506t

A circuit board that contains a microcontroller
along with essential components such as a
power supply, input/output interfaces, clock
circuits, and sometimes communication ports

Or sensors.

RE 5@, pe® /B andt@m®nsy, 0w
00 ©&® 60nd gddd e HXSede
emEDS 657 oedew OB gusd®mS 00O
BO® BYE NEWED lo® 3030 OGTOS.

A development system includes both hardware and software tools for designing and programming
applications, while a development board is mainly the hardware platform used to build and test circuits.
£300B0® SEOBE®O IR 66ed tE® BB wH PHOCFRHE BO® ew) Fd®S DD catlo® €3t
®agmio® 6ODEE 6cm® GG DD gm0, e30dHRM OOTOD (BA) I B®EHRS 30O DTBHBO &5t esdde)

SO0 B oD catho® 658D 68.

8051 microcontroller development board (Not in Syllabus)

1-AT89552 MCU

11-ADC Pot

wn O

5
SR BEE

21-8Way Dip Switch

2-Interrupt Switches 12-Light Sensor (LDR) 22-EEPROM

3-Reset Switch 13-I1SP Programming Header 23-RTC

4-Power LED 14-USB B Connector 24-8 LED Array
5-Power Switch 15-LCD Brightness Adjust 25-1293D Motor Driver
6-Power Jack, 9V/12V 1A AC/DC Adaptor  16-16X2LCD 26-4X4 Keypad

7-Breakout Pins for Vin, 5v and GND
8-7805, 5V Regulator

9-ADC0809

10-Temperature Sensor(LM35)

17-4 CA 7Segments

18-2 5V Relays(AC/DC Switching)
19-Buzzer

20-RTC Battery

27-2DC Motor Connectors
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Examples for Development boards
8300DD 00T BEM) DO

A) Arduino

An open-source microcontroller-based
development platform used to design and build
IOT projects easily.

IOT o8 o58eds oen® SO0 &®
00B0HE BHOOD B OB BYE NED O
scn® 8 DDan Y@@ t50OVD 6DEMOS.

They come in different types, each using a
different microcontroller — for example, the
Arduino Uno uses an AVR chip, while the

Arduino Due uses an ARM chip.
) 880 dV®ORS e5cBesn®m oo ©z® D
OB 6ONS WYL NED NI OB -

EO®OgeE 6@, Arduino Uno, AVR Besced

D @oO® gd, Arduino Due, ARM Besce
O OEB.

Arduino boards are known for their simplicity
and ease of use, with a large community
providing libraries.

Arduino g®dc Fed @i RO &® ®HDHEE
o500 8 98D O 48 god @0 BenE

8590 libraries esescs3.

1. Arduino Uno

The Uno is one of the most popular Arduino
boards.
Uno o O8ns 58 Arduino 96z D8 Dof.

The ATmega328P chip is the heart of the
Arduino Uno, handling all the processing,
input/output control, and program execution.

Arduino Uno & ®cd» ®g d» ATmega328P
Do BB BrE e5oweyd®, ne®/ESe®m eNE®G
&5t Drfesdms Haem SO ©edcda.

Parts of an Arduino Uno board
Arduino Uno 8860w emdes

Microcontroller
DYE QDB

The microcontroller is the brain of the

development board.
DBE NEDEB ) 300V B3OGTOD 6EEHEA.

It executes the program instructions and
controls the behavior of the system.

D OE0nS cosectl B ®O® god
80B6E wd® enE®mn DOGB.

Analogue reference pin

Serial data acquisition (SDA)

Serial clock (SCL)

Reset button

USB socket —

ATmega 16U2 microcontroller

Voltage regulator

External power supply socket

IOREF pin
Reset pin

Digital ground

Digital I/O pins (2-13)

Serial out (TX)

Serial in (RX)

ot acd liamp Wt D

L0 e 0 ey

ICSP for ATmega16U2
On-board LED (pin 13)
Power LED indicator

TX and RX LEDs
ICSP for ATmega328

ATmega 328 microcontroller

_ Analogue pins (0-5)

Voltage in pin

Voltage out pin (3.3V)
Voltage out pin (5V)

Ground pins

10
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Digital I/O pins
oS POD/58» 6weds

Used to read digital signals (like ON/OFF) from
sensors or to send digital signals to devices
such as LEDs, motors, or relays.

oedew OB @reRwm BDBOF eowe) (ON/OF

e8) BedR0/emeyne @6 @iS®0 e®3 LEDs,
6®300 683 Be@d B8 CeNo® 6D BBOG 30w
B0/ 58e)mn HHBO N wAG.

Functions like pinMode(), digitalRead(),
and digitalWrite() can be used to control
the digital pins according to your project's
requirements.

e OmeSed dmsT) gHnd oD HED®

foloer ) BIEDGB SHB®O pinMode(),
digitalRead() e» digitalWrite() &%
BDES DD DG BTD.

States of these digital signals:
c®® goS® tor) D@ HBO

HIGH = 5V (Volts)
LOW = 0V

Analog pins (0-5)
5560 cmeds

Used to read varying analog signals from
sensors (like temperature or light) and convert
them into digital values using the Arduino’s
built-in ADC (Analog-to-Digital Converter).

06dew OB (¢EnDOB 6t epe@imn D)
@ceR® BB ¢58e® esore) BDB®O e Arduino

& ADC (Analog-to-Digital ~Converter)
NODEES TO) godD GHEE RDD SHOVLDHEG
BB D OB,

These pins can read analog voltage levels

ranging from 0 to 5 volts.
6®® 6medS BED 6330 0 80 5 o) esOIEscm
55e® 6030w m) OB Bndn ®TES.

The analogRead() function can be used to

read the analog voltage levels.
55638 63E0mm) DB Hrd®O
analogRead() B> ©H0) G BSG.

11

TX and RX
©8edene 56 BIWLWEG

Used for serial communication, meaning they

send and receive data one bit at a time.
CBENDD HRBEEHB BEHE) DD WO, DH®
B9 DO B> DO D Ve®S 3O e ERN
®8O g wOa.

Example:

When you use your phone to send an “ON”
command via Bluetooth, the Arduino receives it
through the RX pin and turns on the light.
DS ®dmn “ON” Borwns 0 B8R ®ed

comOBG B @oé® 8O, Arduino & RX 85
D ®O®) QRIBED PERIMEG BB WORB.

When the light turns on, the Arduino sends a
confirmation message back to your phone
through the TX pin.

PG crdedm B0, Arduino gddc® B8s TX
85 D e R’ O@IDBO w0 BHED
SEDGD OG.

Communication port (USB socket)
£5560e» emedBc

This communication port is established through
the USB-to-Serial converter chip present on the
Arduino board.

600 58ede» 6edBK Arduino g9dted &

USB-to-Serial es®®bom Seses wd®) eSNB® 06
&,

Most of the time this communication port is
either USB type B or USB mini.

e@e®] 80 6®® 6wed&n USB type B 6®3 USB
mini .
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Power supply
RE ce3E®

Arduino boards can be powered in several ways,
depending on the specific model and
requirements of your project.

Do OmeaBed odomsmd exnd®  Arduino
500DRD BB BBIHEERS D@ €36e3BB BWTEE.

a) USB Power

The most common way to power an Arduino
board is through its USB port.

Arduino 8590t8s DR ®BOe® DENS 6eE DB
D5ex} 8 USB 6ed8x o,

This provides 5 volts (V) of power to the board,
which is regulated to the required voltage levels
for the microcontroller and other components
on the board.

6@BB 3000 5V REr® eee®m amd DG Dag
eNEWGB 5 8300068 grs eI t300DD BEm)
g0ms 6D}300on BJ0BDERD BB WON
Q@oel.

b). DC Barrel Jack

S
5.5mm/2.1mm DC Barrel Plug
Centre Positive
Recommended 9V - 12V @ 2A

You can connect an external power supply
(usually 7-12 volts) to the barrel jack to power
the Arduino.

Arduino g96® Re ®BO® BEE) SO dE

&03@®S (en@esens 63g0 7-12) barrel jack
DD BRSR) DS HTEC.

The board has an onboard voltage regulator
that regulates the input voltage to the required

levels.

D00 gdms @000 e 633THEID
BE:@HG 0» 63O B:@®mns 800ted®
WO .

12

c). Vin Pin

You can connect an external power source
(within the specified voltage range) directly to
this pin (+) and GND pin (-) to power the board.
859DED (BEdDo 638Tmm) OB DE) 6/

6®® 85 0O (+) e39 GND 8% d20 (-) 63850
DE WTC.

The onboard voltage regulator regulates the

input voltage to the required levels.

250020 DE ®WBDO e3em) RO DBO DE 83D0Ted
63T Bw@wen gdems @008 D@D ee)®
6D3BSDEOG BrI®HE A,

Reset button
g 880568 e sS®

Used to restart the microcontroller and run the

uploaded program from the beginning.

DB NERDEB BOD OB BHBO 59 CHOD BE
DEsDD® ePOBMeE 80 Hdm HHOD )T
WOEB.
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Oscillator

eciema

Provides a clock signal that helps the
microcontroller run programs at a steady
speed.

e EDEOD Bifedns B8MNOO eD®mEES
Benssem BHRO ceswnd O clock signal esese.

Ensures that the microcontroller executes
instructions, communicates with peripherals,
and manages timing functions accurately.

DYES DG o6 Hosem @0n D,
sBESD BO® B555edemE Wo® RO ©® IR
IBEES  BOOED DESP®OFEB OB RO
305w OE.

Power indicator
RE LD

A small LED labeled “ON” that lights up when
the board is receiving power.

“ON” et 63RQ @0 &8s @) LED dod O
g0 O OGO PEEG @R BO crEedi.

13

GND Pin
GND 8§

Ground connections that act as the 0 V
reference point in a circuit.

s 0V 6§ @nesn 6@ S @6® DY
8RB 68.

They complete the electrical path for current to
flow and are used to connect the negative side

of components.

D) D ®E@) @ e3em) B VO e3Betsn
6D GO e500DDOE 338N ST BBRVSE) BHOO
)0 DOB.

The board has several GND pins so multiple
devices can share the same ground.

500te® GND 88 58S a4t D8 @y
Ee00m0E0 D® DB 60 6RC) ®D BWTEE.

IOREF Pin
IOREF 8%

Provides the operating voltage reference
(usually 5V or 3.3V) for the input and output

pins.
D 85 BBD B ee®) 6®emE® 63T

6D (en@®»senes’ 5V 6] 3.3V) e3e3:8.

Analog Reference Pin
groe@® 6008 8

Used to provide an external reference voltage
for the analog-to-digital converter (ADC).

FTe@®-D803 sddbome (ADC) esewm HBo
608 63BDEDGD e5cesBB0 ) DOEB.

This helps improve the accuracy of analog
readings from sensors.

6®0 toedem DBB @IeRD LRI BHDBDE
BOOesmnOB O Engn SBBOO cesemd 68.
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2. Arduino Nano
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The Nano is a compact board based on the
ATmega328 microcontroller, similar to the Uno
but in a smaller form factor.

2ed] 67 ATmega328 Sag et & s5cHd®

8) 8306w 300D, B Uno o) 638 ®HS Ed
Pmas e0DEE.

It is commonly used in projects where space is

limited or when a smaller footprint is desired.
9b) B8 655 5P6HES B BHENEES FO®S
8) B0 x5S B 606 VHED B 68.

3. Arduino pro mini

AL
=

[
!
4
i

1030y

HOE

The Mini is the smallest version of the Arduino
family, designed for applications where space is
at a premium.

Mini g Arduino ©9e@ @EH® axdien O
g0, 98 G@ENE 9o Oic®d 6Ked® em
Eb@ngnc @06 &grd.

14

4. Arduino Mega

A more powerful board compared to the Uno,
featuring the ATmega2560 microcontroller with
significantly more digital and analog I/O pins,
more memory, and additional features.

Mega o®y Uno & tec» 80 O98) edS

2900t O gmd, ATmega2560 DEe eNEDEG
0BG ) 6@ i) oD W BBBO &I
58e)m 85, O @owns i g®md Demeio®
OB 05D 8.

TWI (12)

Responsible for
USB communication

Serial
Communic

PWM Outputs

USB Connector
Digital
B | Inputs/Outputs
«

Fuse for
USB protection

Regulator 5V
SOURCE

7to12v

Power Pins AloK Pt Reset button

Regulator 3.3V

5. Arduino Due

The Due is a board based on the Atmel
SAM3X8E ARM Cortex-M3 CPU.

Due ca Atmel SAM3X8E ARM Cortex-M3 ®»
5cn® 8§ 85D0DS.

Offers more processing power and memory
compared to traditional Arduino boards based
on AVR microcontrollers.

AVR Sge oD 0o ocond® § edyeio

Arduino g®9dz ®» e 80 B Ol ermed®
RDEEE 55 BDDED QR 6683.

The Due is suitable for projects that require
higher computational power, such as advanced
robotics, 3D printers, and more complex

applications.

£e5t3 8016R3 Bed, §@gn Becen sy et DEND
30BEN 66e® S 9ng O®ED REGE OGS
D® Oe3ad 5EH) 6366 6D.
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ESP boards

1. ESP8266

ESP8266-12E 3.3V Voltage Regulator IC

Flash Button

“ _ MicrousB
Connector

Reset Button

USB to TTL
Converter IC

The ESP8266 was one of the first platforms to
combine a microcontroller with integrated Wi-
Fi connectivity, making it highly popular for IoT
and Wi-Fi-enabled projects.

ESP8266 gy IoT e Wi-Fi e Oxe5a&S eseem

9 &5Bn 088, Wi-Fi 685500 0w
DS NEDED TRER B 58 6ODEmDBe®S
DE.

2. ESP32

The ESP32 builds upon the success of the
ESP8266 by adding more features and
capabilities, making it suitable for a wider range
of applications.

ESP32, ESP8266 & &Omadn ® 6mE®D®)
e OB Dem®o® ® BB D
BBe®S. D 30@ OIEHED 6BED BEm) 8ee 68.

Microbit

Specifically designed for educational purposes
to introduce children to programming and

electronics.

B Bem®ens t5c@d® O g HOeERD €5t
PEEWEONBD CewmoL CHPBO HEBE) 8O ®
g8 OB B3EH) 3.

USB connector

Touch logo

25 LED lights

2 buttons

il

Pin-0  Pin-1 Pin-2  Pin-3V
Pin-GND

Microphone indicator Radio antenna Microphone

Despite its small size, the microbit is equipped
with various sensors and components, making
it versatile for a wide range of projects.

D8 mth @ SVJeEX, microbit DD
5068 €56 £35000W DB 5P DD &d, B
2ORQ 803D D58 LIEH) NTN DG WTEBES.

The microbit features a 5x5 LED matrix display
that can be used to display simple graphics,
text, and animations.

®BegN®D 5x5 LED matrix escchmmnes
60D O gd Do B8O ®Ihes, D ®
8D Os 5ebBEHE BHOO NSO DG HTBG.

Reset and power button

Battery
socket

uss
BLE ANTENNA
« o —MICROPHONE
RISET /O
‘ RATTERY Processor

Speaker

SPEAKIR o
CELIROMETER

;%‘ — micro:bit .

Edge connector for accessories

Compass and accelerometer
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Raspberry Pi

While not strictly a microcontroller-based
board, Raspberry Pi boards are widely used for
embedded projects due to their versatility and

power.
i) 6@t DYE D O oe»d § OGO
609®s5, Raspberry Pi g9z  Foned

RO &5 REG 68neds BB Oxead
BE®) DHED MO 68.

Raspberry Pi boards are suitable for projects
requiring more computational power or
interfacing with complex peripherals.

Raspberry Pi 59dz 88 esdmgom Deons gd®s
6% ©oSHEN VESD BO® it BYENs OGS
Oresad e3E®) geey 8.

16

Presently, Sri Lanka is also
development boards based

microcontrollers.
Obo@»ed @omede @08 Wye e O
5ol g 6300V 850Gt LN WOB.

creating
on such

1. Magic bit

This can be programmed using software like
Arduino IDE, Micropython, MagicCode.

e®c Arduino IDE, Micropython, MagicCode
D8 @acmo® HDDEES 606 HBOCEDIMEG DS

BT,

https://magicbit.cc/downloads/
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Accessories used with Arduino boards
Arduino 886z 60w ®nSm O® £eVo®

Breadboards

A rectangular board with a grid of holes into
which electronic components can be inserted
and connected together without the need for

soldering.

e5aemIFNENIO DD O god DGR
EEWEONB® No® 68 @b ezedey®
FOBBINOEDS 60D DD BB DS BRE.

Breadboards typically have two long rows of
connected holes on either side, often colored
red and blue, called power rails.

Breadboard ®@ en@osens ecests B8RS
8Bedo 658 Ex 638 ecmm arm. 61e®’ 0 O

&% BT stweis (5D OB gd T power rail
6 BTESRGS.

All holes in the selected row are internally connected

WAl hotes n the selected column-are nternally connected

Electronic components such as resistors,
capacitors, integrated circuits (ICs), LEDs, and
wires can be inserted into the breadboard's
middle holes.

80D, WdYD, o®a®® edesd (ICs), LED

& OEb 8 geemesm ceo® Breadboard
8 ®cg 8e0tD0 658 DE HID.

17

Jumper wires

They are wires with connectors at each end.
Fon O D 6D eBRSD & Bt 685.

These are used to make connections between
different locations on the breadboard or
between the breadboard and other
components or between two components.

6®®) breadboard dex BBD Shw god 663

breadboard & ¢emms £e90® g0 6293 ¢eo®
E0o® gm0 ©PRSDoN ars SHOVO eem
GEIE®EE.

There are three main types of jumper wire.
6®® jumper wire @ & ERIO P B3O).

Male To Female

Female To Female |
| Male To Male E
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LEDs
22

o

"LED" stands for Light Emitting Diode.
"LED" csgg Light Emitting Diode c55a8.

AR

It is a semiconductor light source that emits

light when current flows through it.
B BB BDGD PERID &5dGE D o DG
®O®) MO ®@ B O peRimec Be®ID®c

DO8.

POSITIVE — <— NEGATIVE

Resistors
58ed3d

N
v e ¢

Designed to resist the flow of electric current,
thereby controlling the voltage and current
within the circuit.

Fon 8HENENG DO e D hded ®EIEBD
8BEOING crd® em) DD god BB e3desd
26 6D33DENOEG 656 MO eNEBEB WA,

18

There are several types of resistors.
58010 BHv® BBED OS.

1. Fixed Resistors
8806 5863

-

-

\*

e "
4 N

The resistance value doesn’t change.
586D g®men 6D®E3 e6aed.

W\~

The color bands marked on the resistor are
used to calculate the value of these resistors.
6®® uBEOINDE gmE 6680 e SO
D ene DO 48 g 80 cBei® OBy
Q6.

3rd Band 4th Band
Color 1st Band 2nd Band N
Multiplier | Tolerance
Black 0 0 x1Q ]
Brown 1 1 x10Q
Red 2 2 x100Q
Orange < 3 x1kQ
Yellow 4 4 x10kQ
Green 5 S x100kQ +0.5%
Blue 6 6 xIMQ | +0.25%
Violet 7 7 x10MQ +0.10%
| Grey 8 8 x100MQ +0.05%
White 9 9 x1GQ
_ Gold x0.10 5%
Silver x0.01Q +10%

Tolerance

N

Multiplier

/

—————————— Second Digit
o Fistoigt

a
o
&
3

2nd Digit Multiplier Tolerance

Black 0 - .U —_Silver 0%
oo
o (D D EED

4
voet (D D 4700 Q5%
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2. Variable Resistors
50z g8edidm

Allow resistance to be adjusted manually.
586D gmn HEBBED et SOOO of)
€3@es63.

Used to control electrical characteristics such as
volume, brightness, or speed in various

applications.
DD 6D »Ren, B3Bn em) edmn &
B Qs NEHE BBBD $HTD 6wed.

3. LDR (Light Dependent Resistor)
o™ ©506D8 38edIN™GB

©
Resistance varies significantly with the intensity

of light falling on it.
T @0 dred® geimed SOmd6 6w O
BBEOING tcEBG G 6 60 WO ®F

Also known as a photoresistor.
LDR, g5on® g586d30mns 6Qe5e BrEsed.

4 5

-
N

Buzzer

A buzzer is used to get an audio signal as an
output in Arduino projects.

Arduino 938 BEE oBownD 6EH GRS
30O @N®SBOO buzzer Hws D) WOEB.

Servo motor

Used in applications where precise angular
movement is required, such as robotics, RC

vehicles, and camera gimbals.
6016R3 Bemd, gotld NED DD &’ @M
BDS DB BOOes cwiFy DEHc gO®s O»

66e®D@ servo 6®300 ©)8m) 8.

There are three wires in a servo motor
OB gr) D S5O.

e Brown wire
Connect this to a ground (GND) pin on the
Arduino.

6®c Arduino ®» GND 8 Dm0 es8Re50)
DO8.

e Red wire
Connect this to the 5V pin on the Arduino
for power.

RE0 0B e 6®c Arduino ® 5V 85
DO 3BRDSE) OE.

e Orange wire
This is the control wire. Connect it to a
PWM-enabled digital pin on the Arduino
(e.g. D6, D9).

6®c eNEW Brdrd. dc Arduino ®» PWM
O8® oy 88 DO ©ERSR) OB.

(een: D6, D9).
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SENSORS
0e8em™

IR sensor
eIt toeBeme

VCC (3.3V/5V)

e Gnd (0V)
™ Digital

Output Pin

Trimpot (to adjust
distance threshold)

™
IR Emitter

Detects objects or measures distance by using

infrared light.
FeMIODD BOLN NDDEGS D3RS ®HED) ®SO
e’ g0 ®B® 8¢ WOB.

e Emits infrared light and detects its

reflection from nearby objects.

gty HoE Be®Dme: O &sE &§es
Densiems e5cBesnm D SHOHD®E HED)
®8.

e Commonly used for obstacle detection,
line-following robots, and proximity
sensing.

D BEeM®BO, 682) GH®O®G WOD
MDD 5w w8t oedEME  EBEH)
RED I ) 685.

e Has two main parts: IR LED (transmitter)
and photodiode (receiver).

gt emnded ecwmwd  egoe»: IR LED
(5Be3eme) 659 ¢mI® BEIRG (WmE).

e  Works without physical contact and is low-
cost and energy-efficient.
695D BRSO 6mMBHD H) WO® GO
&f) Bred® 651 PEHS MVEDSO 68.

20

Ultrasonic sensor

Use sound waves to measure distance.
g0 B0 sem) GRE DOo® $HD WOE.

They consist of two main components: a

transmitter (emitter) and a receiver.
6006 ©Bevme (De@IDmE) 5® EIMWE 6@
56D 85000 GBS BODD 68.

The transmitter emits a burst of ultrasonic
sound waves, typically at a frequency above the

range of human hearing (above 20 kHz).
863G eI®DBEES BB GO esOEsd DN

((20 kHz) © &8 eo@moess 5008 @de
D00® B DOB.

These sound waves travel through the air until
they encounter an object and are reflected back

to the sensor.

6®® ®Re DOo® DR ®E O» 6w DG
®O®) @O O DO  GoedEwB 60D
5NHOBBEG 68.

The receiver then picks up the reflected sound

waves.
DO e B3OHDVDVE &) BRE DO® @R ®E.

The sensor measures the time it takes for the
sound waves to travel to the object and back.
Boedewen BB ®Re DOo® DBEDD 6d» ©®
20D ®BS BB Gd® MEG BBy ERE.

Using the speed of sound in air, the sensor can
calculate the distance to the object.

e BGREEE 68mKG M) OB, 50edemecs
80 D3 atd g0 ®HBG B HTBE.

Oscillator

Transmitting MAX3232

Transducer

Receiving
Transducer
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PIR motion sensor
OE® oebemn

Used to detect motion, primarily by sensing the
infrared radiation (heat) emitted by objects in

its field of view.

a0 wedyed ard Dens 8BS De®@IDdmen DM
oMo BOH (e3s) toedemn B OB
DEDG HED) BBBO ©HD) OB OGS,

Widely used in security systems, automatic
lighting, and various other applications where

motion detection is required.

OB SES, B3DBoEB PHERIDDOLE 5D
DE® HEMHBDD £des On DD 6n6cPde
RED I ) 685.

PIR sensors detect motion by measuring
changes in the infrared (IR) radiation levels in
their surroundings.

PIR &068cm ®fe® DOBDES &8 aelidwdm
BB B0OBDE 6ONLEDB® BB BBS DG
BED) O,

N D
ge@l 1

All objects emit some level of IR radiation,
which increases with temperature.

Bre® Oeas o8 8008m IR 880¢n De®iD®mn
WOEB.

The PIR sensor detects the change in IR levels
when a warm object (such as a human or
animal) moves in front of it.

D5 850 ©d@® i@ 0. PIR &oedeme
CHe® OSndn (B8eww 615 e i) Do

9Bders ®® o 8O IR @008 dmes
BED) O,

Fresnel lens

Detecting area

Temperature sensor
EBHO 30686

%

Used to monitor and log temperature data,
control heating or cooling systems, and more.
8550 e Sdesnn BOOO e® @y BOOO,
MNESH 663 BBED® SES NEMG BOHBO 5 DO
eRNE®3 68 BEH) NDD) WG BTD.

Magnetic/Reed sensor
8w t306dcwe

Used to detect the presence or absence of a

magnetic field.
R Dedycn IO 683 MBSO HEHM
®eBBO HD @O PR 506D DVBEE.

Reed sensors are commonly used in
applications like door/window sensors in
security systems, proximity sensing, and various

automation projects.

PO SEASOE 68)0/AO toedew, e38esem
£5068em6 56 BB 3DGoSHEmOs xS &
66500 HBRD t3068cw XD NSO 68.
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Gas sensor
g 3068w

Used to detect the presence of gases in an

environment.
0es0Em MES sO8® DD wEH) GSO0 S
DOD EeNo® 68.

Widely used in various applications, including
environmental monitoring, industrial safety,

and home security.

D plBBNG, IOV O 3 B
oD er® B8R 6ke®De F0) RHEd ®HDmm
6d.

Can detect a range of gases, such as carbon
monoxide (CO), methane (CH4), propane
(C3H8), alcohol, and more.

RS e@emmeBd (CO), Bz (CH4),

eees (C3HS), ®nend ©® D5 66w’ g
BOIEIED WED) @D BT,

0
A

i
Measured
v signal
. O
Membrane

Temperature

Sensing electrod Sonsor

They work based on a chemical reaction that
occurs when the target gas comes into contact

with the sensor's surface.

My  soedem e@msecs  §m) @056
RBDED MNEO toedemed ARBOD e5cde O
8Bedw 0eNrSm BHEOD @ .

This reaction causes a change in electrical
properties, such as resistance or voltage, which
can be measured and interpreted by a
microcontroller like an Arduino.

6®® BSE® Arduino % BYE HEDEDS
G B 659 FHODONEG WG BT OB
63 63BTED S Dy REMo®OR OWED
g OEB.

Fingerprint sensor
BB endy oedewn

Used to capture and recognize the unique
patterns of a person's fingerprint.
e®EeEme® giBd HERE) Do o5 § O
@BHG DO BDED) @SB FrBR WL, Boedew
O WOEB.

Fingerprint sensors work by capturing the
unique patterns of ridges and valleys on a
person's fingertip.

goBB  ©eRdy oedem 8§ @056
emEenme® 4R DEPE cilons Je® O
[OlOToN6] 20 ®rEc0E.

Thre are different types of fingerprint sensors,
such as optical, capacitive, and ultrasonic
sensors, but they all serve the same purpose of
scanning and comparing fingerprints.

5®, HOYD o FHROSD DS DSBS
D DO DDV Ve Bl ML to6dem
g, 28 T Boce® B ©eeN
sdeeimmn BB 5w tsotssems BOe® D@
goQen @) ®OB.

f/

//- =N o= 101010111001
1
it

o
P \ Z N 000101001000
it @\ N\ @) 100100111000
RN / Iy |:> Qpd :> 101010101010
3 \J 5 & 100100110010
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= 010010101010
= 101001101101

Digital image of Distinguishing features Digital template
the fingerprint pattern of the fingerprint of the fingerprint

)

R

0
= = £
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Soil sensor

Used to measure the moisture content of soil.
B6t8 eoR®DE B0 o8  O®
EBWOSEE.

Used in gardening, agriculture, and automated
irrigation systems to ensure that plants receive

the right amount of water.

6®OR OmD, @IBmHTD DOED ©® 3OBHE®
OB EBDE NWORD BG® &S@ &5®HENEG
QTERD D HD OB 5CH) 6(IE) ®.

A soil sensor can provide real-time data and
automate watering processes based on soil
moisture levels.

2320 €3068emB0 DS P e RN G ®il
g0 Sk 6HDOBNG BOOB B ScH®D BEG
ct®6e® §rdPs 3D mAB.

23

Rain sensor

Used to detect rainfall.
DVBBDHHNE BEH)
EDOBEE.

@500 O  DO®

Can be used for various applications such as
automatically closing windows, activating
windshield wipers, or controlling irrigation

systems to conserve water.

B800oSEd OO Oi®, DR83H BOBesd
Ber0m BO® 665 SEG todweenc BO® eem)
OOB® 3EB eNEHn OO O BB 6ne®
BEX) NOD WS BTW.

Colour sensor
Obgn 3068

Can detect and measure the color of an object.
Deldw Obgnn  weem®  @Bn ®id
EBWOSEE.

It typically works by shining light on the object
and then measuring the reflected light.

D N®DBEEE S DO OSHD OO
pe@ime Dde®s 630 SMHOHDDEG §) eeEImE
BBDeOE.
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Noise sensor
@035 eoedewn

Detects sound levels and provide an analog or
digital signal to an Arduino board.

®Rec ©008 w®wegme®» Arduino OGO
55e® 6m) oD 30D 6EE 6(NE) DAOG.

- EAEN

LG |

A microphone captures sound waves (variations
in air pressure) and converts them into electrical
signals.

BBPeIBnG e DOo® (D) BOwed 6Dne3nd)

@®HE D6 T Bend o) RO eBHOBDNEG
OB,

The electrical signals from the microphone are
weak and are amplified by an onboard amplifier
to a usable level.

BBPEMIDEES Qe Bess o) HOE O

god 0o B¢ ® 000D 6®HBHEEE®
s505® OBAWED BOBS D3OG 6w6D.

24

Flame sensor
B8es@ 506Be™

Detects the presence of fire or flame.
BB 60 e ©O8® VD ®»E® ®Dem
EBWOSEE.

Flame sensor can help automate responses to
the detection of fire, such as triggering alarms,
activating  sprinklers, or shutting down

equipment.

By 2BV, &Sp DEn oy ©o8c DO em3
comés gBn B8 D8 B HE@E® e
5BN0G BDBeG BHBOO BB eoedewmn Eesmd
68.

Flame sensors typically detect the infrared (IR)
light emitted by a flame. They are usually
sensitive to a specific wavelength range that
corresponds to the light emitted by flames,

making them effective for fire detection.
BBecr@  oedem  ®DBeE®  crdeiS
Be®@Dmn d» getkldwm® (IR) peaimn ®eem
®8. T e®Hmsens HHerd OB s O
PER®BO xodzes O BEOD DO® IO
BOEEDO 30608 B gmd, DABE B ®HEM
OB BT,
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Touch sensor
Sest® 30686

Detects touch or proximity, allowing for a range
of interactions with electronic devices.
PEERWEONBD® Ce00® O FEDVFE) 3OIEBO
9B RE® VBB 653 BBSTOE HE® ®STeM
EBWOSEE.

Can be used for various applications such as
creating touch-sensitive buttons, interactive
projects, or controlling devices through touch.
8w  50eDE DB Sbegncs OO,
SRV E® Omesad, em®3 Sesbmes O
CeNo® ZNEDG SDHO 8 B8 6ne® tem
e3esB® €506DEDEE D) W BTD.

Pulse sensor
Se55c® 3068

Used to measure the heart rate of a person. It
typically uses optical methods to detect blood
flow changes in the veins.

B8 ®EBEME® ®ac L3esne® 60®meK BSB0 D
OB CeONGEE. DB eNBIBBEES B E o0
8591 60x5B BEH @WSB0 5I® WO S
OB,

Used in health monitoring systems, fitness

trackers, and various biomedical applications.
Besde  oedewmn 66595 Sdesn SERS,
eri@msm) sde) SBe® ceswmden 5w DD 665D
6605 6658 Bem) DD DE BTG,

Heartbeat sensors often use a technique called
photoplethysmography (PPG).
eSesedee 5068w eRHe®3 80

photoplethysmography (PPG) »8 oxsgncs
D) WOB.
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Shock sensor
28s® 30086

Detects sudden impacts or vibrations.

®EB REu® 6 oDBs® wEE  ©®em
EBWOSEE.
Helps automate responses to impacts or

vibrations, such as triggering alarms, recording
data, or shutting down equipment.

2DBes® 5068w BOBS gHOT S e HBHO),
e s0mD 8B 6w comdsn gSn SB® &
RDeezd® 6m) DBesw seH) oS0 BOEHG
BB cesmd 6.

Humidity sensor
et 08w

Measures the moisture level in the air.
el cond®n AJ00 B8y ERA.

Can be used for various applications, such as
weather stations, greenhouse monitoring, and

home automation systems.

MEHBL BRSEND, HVDEO BODBL) 59 ®ae
B0EoSE®OS eS8 O DD 6ne® eem
NS DS BTD.
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Tilt sensor
PHBD 8506DCDG

Detects the orientation or tilt of an object.
DD EmaBn 6 oD DO ®HE® ®em
EBWOSEE.

Used to determine if an object is level, tilted, or
has been moved.

D3d D08, epae & Bede, 6m) DMK O
Bele, 3 Bosn BHOD D6 B 65.

Accelerometer sensor
SOOMHE® 068D

Measures the acceleration forces acting on it,
which can be used to determine changes in

velocity and orientation.

OOE®®  oedewn D O ) OB
00% e O5x ERD® gmo, DB Hedme &®
EmHBel 6DnLBmB® So&n BOOO HDo) B
T,

Can be used in various applications such as
motion detection, gesture recognition, and

vibration monitoring.

DO HENETEO, FHDG HEIEDTEO 659 DB
SODeNn 8 BB 606eDed DOOLNBHD
NS DG BTD.

These measure acceleration forces along three
axes, X, Y, and Z.

6®D) BOOH D K6 X, Y 589 Z e s
6d.
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Barometer sensor
ReeOIBOO 3068

Measures atmospheric pressure.
MHemBe BOnc: @5 @RE.

RFID sensor (Radio Frequency Identification)
RFID &s068emc

gl

RFID

An sensor allows for wireless
communication between a tag and a reader.

RFID (e8] 3025 ®Em®mesed®) e5oedems
Ot €59 BDWE gd Alewse OBD 5556
Bem) 9f) 5.

Can be used for various applications such as
access control, inventory tracking, and

identification systems.
568®m NEBH, 9VEOROD HEIETRO®  ®

DEMEEDEO S5E0S O DD 6cke® esewm RFID
DRDBLHE NI DS BTED.

RFID systems consist of two main components.
RFID 808 e5th® 606 6cmis 65055800 68.

1. RFID Reader
A device that emits radio waves and receives
signals back from the RFID tags.

ROBDEB DOo® BDe@D®n o e® RFID Od
DB e30E) @R ®SD) EeNoBEED.

2. RFID Tag
A small, passive device that contains a unique

identifier.
FOBDB HEDDEOW Ftlo® WED ELNoDEED.
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Arduino programming
Arduino g®ed@#nr

The  Arduino Integrated  Development
Environment (IDE) is a software application that
provides a platform for writing, compiling, and
uploading code to Arduino-compatible
microcontroller boards.

Arduino Integrated Development Environment

(IDE) oy Sge oem 500t 60D e {8,
&8eneme BOO ©m CH®D BVO e3ewm) 6DEmDD
£383032D Bagtmo® BGEOE.

ARDUINO

It is designed to be user-friendly and accessible,
even for those who are new to programming

and electronics.

Do eoE® 0 araed HOEERHEO 5w
96EmeOISD Bemdd epi)&m and &) sdBED-
BB 55 5edm Bn 58 sBEG.

It can be downloaded at
https://www.arduino.cc/

dx https://www.arduino.cc/ O gdxn BBS
DD WOBDD BTEE.

The Arduino language is based on C/C++, but
it is simplified to make it more accessible for
beginners in electronics and programming.

Arduino @0 C/C++ @ sen® B g, &8s
D5 9eEEeOISD ® OO MHABDBS
BEH) O WG HTD B8 80 WO &T.

C/C++

PROGRAMMING

The Arduino IDE acts as a compiler because it
translates the high-level code into machine
code that runs directly on the microcontroller
hardware.

Arduino IDE &@eemes 6@ S @oxies D
9ng @000 6D WYL NED Cido® O
B HHDOD O B3 DB SHOVD®CE
DOD DS,
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Compiling process happens before the
program runs, and the output is a standalone

executable file.

0D Forxs®m BHOO 650  6@e®m
8ORn 8 O»n god oBoO®G  SHDHD
BE0m B¢ S 6mNROS.

If it finds any errors, it will display them in the
message window at the bottom of the IDE.

D BBEB eeiBrs 60w ®Res »8, dc IDE &8
&S oEHDD) DOOEDE 633D ee.

If the code compiles successfully, the Arduino
IDE produces a binary file (with a .hex extension)
that contains the machine code (binary
instructions)  specific to the Arduino
microcontroller.

6B V0D e58eNEWEB WOKES 8, Arduino

IDE 885 Arduino Sgg ©em»n0 Sesdm 8
o5y owomn (ED8n coectl) glow EB8G

emROD ((hex Exds 650®) BesedE.

Open

D sketch_oct02s | Arddino 1.8.5 - m] X
A
=1 Menu Bar

Serial Monitor I

File Edit Sketch| Tools | Help

Verify ——
Upload ~

New

Output Pane

| Arduino/Genuino Uno on COM3

The Arduino Type and
Port I'm using right
now

When you click the "Upload" button (right
arrow icon) in the Arduino IDE, it transfers this
compiled binary file to the Arduino board via
the USB cable.

Arduino IDE & az8 “Upload® e@x5o® (cm&n

Boe Bozswe) DR ¢ 80, do USB 6@
®O®) 608 ©@memn WOD @ SOBG 6mND

Arduino g96zd0 @0z OEB.

The Arduino board then executes the machine
code directly.

O8O Arduino ®dt® a8 6By GOGR
Hoss@w DOGB.
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In Arduino programming, the void setup()
and void loop() functions are fundamental
parts of the code structure.

Arduino p®edR#mecE, void setup() &®
void loop() Bons e Oxmwec @B 6w
@d.

void setup()

Used to initialize variables, pin modes, start
using libraries, etc.

DOEsHE 5w B mexen 8, libraries 8o
SO0 pOBy BHOO NS DOEB.

It is run once when the Arduino board is
powered on or reset.

B Arduino 890t® e3gn ®g) 80 @3 reset e
80 & DO BrdOm 8.

Syntax:

void setup() {

// initialization code here

void loop()

Runs repeatedly after the void

function has finished.
void setup() B gdeseS §) ety 2D BDODD
S 68.

setup()

Used to actively control the Arduino board by
reading inputs, triggering outputs, etc, in an
endless loop until the board is powered off or
reset.

230080 HHNBOBD O® 6w 615 reset O 6T
BO 268 @Bk DG D B, HBODES

OBO® wEn @& Arduino gPoc® eSnd
eNEDB SOBO O HD DOB.

Syntax:

void loop() {

// repeated code here

28

)
(VI Qo]+
vvvvvvv seal

Uvoid setup(Q) {

2

33

4

Svoid loop() {

0

4 //Do first...

8 //Do this next...
9 //Do this too...
10

1143

NOTE:

Arduino is a case sensitive language.
Arduino g @803 88e@ 30688 01D,

Arduino does not use indentation.
Arduino & indentation ece) em®S.

Instead, a semicolon (;) is used at the end of

each instruction.
F 600D0 O D cesece dennec B3ewm®nd

(;) ecEn ERDE.

Comments in Arduino
Arduino #)&)e8 8d6#n

Single-line comments start with //.
25 6386l 8OO // BB epdEm 8.

Multi-line comments are enclosed in /* */.
638 B&emm BDGE /* */ gmd 6.

// This is a single-line comment

/*

This is a multi-line comment

It spans multiple lines

*/
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Braces {}

{ } Braces are used to define the beginning and

end of function bodies and control structures.
B o HE® D5HDE MOB®HG &% FOENDGE

EBODDG BOBO {} OO®e} Do) 8.

void loop() {

if (true) {
//code block if true
} else {
// code block if false
}
}
Variables
50es

In Arduino, when creating a variable, both its
type and the name of the variable must be
declared.

Arduino ®eg, BDescn ©z8eB88 & V®mE €5
FOEB6E DO BB 6O GIN® DG

QaA.

int count = 0;

// Integer variable

float temperature = 24.5;

//Floating-point variable

char letter = 'A’;

// Character variable

String name = "Arduino";

// String variable

byte pin = 13;

// Byte variable (@-255)

boolean ledState = true;

// Boolean variable (true/false)

29

Constants
Boo

A constant can be created according to the

following format.
Booon oo p@IScO gnd SH@gnc
BTEC.

o€

const type CONSTANT_NAME = value;

Ex.

const int ledPinl = 10;

const float distance = 70.5;

const String msg = “Hello”;

Control Structures
S)E® OF®

Arduino language uses if, else if, else to
make decisions.

Arduino =ne688 806 @cS® eem if, else
if, else sn8) OA.

if (count > 10) {

/* Code to execute if count

is greater than 10 */

} else if (count == 10) {

/* Code to execute if count

is exactly 10 */

} else {

/* Code to execute if count

is less than 10 */
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Loops

Arduino  language uses for, while,
do...while loops for iteration.
Arduino ®0@1e88 gHMOBDDE  LSEH)

while, do...while @ )8 DOE.

for,

for (int 1 = 9; i < 10; i++) {

// Code to execute 10 times

count = @

while (count < 10) {

/* Code to execute while

count is less than 10 */

count++;
}
count = 10
do {

/* Code to execute at least

once and then while the

condition is true */

count--;

} while (count > 0);

30

Arduino Practical Applications:
Arduino gexiBm 6xes:

If you don't have a physical arduino board, you
can create the required circuit from the website
Tinkercad, write the corresponding code and
observe the performance.

B0 6998d arduino OGS 6HBEBHD

Tinkercad c®» 08 08 8BS gdms &desdB
&) DO g DG Br  S§rmdson
SBHDBEE DG HTDCE.

[3
[

AUTODESK
TINKERCAD

It can be accessed via
https://www.tinkercad.com/dashboard.

https://www.tinkercad.com/dashboard @&
DO BB ®wcs.
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1. Blinking an LED.
LED ®o 5608 czide.

A+Sv

A4 |—
A3 —
A2 —
Al |—

AR —
GND

ARef [—
Sv

ATmega328P Microcontroller

13—
12—
~11 p—
~10 —
~g|l—

- -
w & ~ - J
w o\ \ a a a
lw X X ™ > Z = = 1IN W
XX & = v 2 T N 9 X X 2 ? N~ @
R [ 11 5
>
g: G
10kQ o S
- [\
1 Reset ) g
button e (7
7 x> > LED
0
0
é o

Here the positive terminal of the LED should be
connected to a digital pin of the Arduino board
through a resistor and the negative terminal to
a GND pin.

@82 LED 8 0o agrn §8ediem ®dm)
Arduino 90ted® BBOE B8 DO &gy
g5 GND 835 dawds BR80) B Gme.

Here, a resistor of about 100 ohms is used to
reduce the 5V voltage coming from the Arduino
board.

c®88 100 BB ©@% uBEOI LD 6K

Arduino 5965605 e5:8e£9» 5V 63D ef)
BOBOE.
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Arduino program

void setup() {

pinMode (13, OUTPUT);

void loop() {

digitalWrite(13, HIGH);

delay(1000);

digitalWrite(13, LOW);

delay(1000);
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Explanation
scced BO®

pinMode(13, OUTPUT);

pinMode() is a function that configures the
specified pin to behave either as an input or an

output.
pinMode() oy eeImE 6m) GSBEE 6@
®E8HO0 BB B3 D Bwses mO® BOEE.

13 is the pin number where the LED is
connected.
13 ©y LED &880 @0 e 8 epomnd.

OUTPUT sets the pin as an output, meaning it
can provide voltage to an external component

like an LED.
OUTPUT @& 85 O 38)mEE 6@t e5test.

DBs gemed mosess DO LED &8 &6
£500DWEO 6A3RDEMDEE 6555830k BTl DO,

digitalWrite(13, HIGH);

digitalWrite() is a function that sets the

specified digital pin to either HIGH or LOW.
digitalWrite() oy OBOF 88 e
6D3BTHEND YWE 6B SHEG BEES DD BDEED.

HIGH sets the pin 13 to a high voltage level (5V
on most Arduino boards), which turns the LED
on.

HIGH ®&e5 13 pin d» &8 683800 0080
(e@e] Arduino g9dz e 5V) . DG

LED §waiem 8.
delay(1000);

delay() is a function that pauses the program

for the amount of time specified in milliseconds.
delay() ©x B8 5530 ODBS ) &S IR
&Eem) DifesOme NOIBDD DDSD® BDEE.

1000 milliseconds is equal to 1 second.
BB 25536 1000 &5 530 1 O @ 68.

This causes the program to wait for 1 second

before continuing to the next line of code.
6®B Be® 65560 683800 (HBD 6850 DesDm®d

2550 125 A& BIBO e 6.

32

digitalWrite(13, LOW);

This sets pin 13 to a low voltage level (0V),
turning the LED off.

6®n 8x 13 f) 630nm @000 (0V)
&westd. DB LED e mOa.

delay(1000);

This pauses the program for another 1 second,
keeping the LED off during this time.

600 D05 6 1 @0 DesdmnD HODO®
g0, 608 e G LED #80:d o E.

This process repeats like this.
6®® OB 6065 50DV Beed.

Further information
86 st BLO

https://www.youtube.com/watch?v=cMDrNNV
qpBU&t=10s

ictfromabc.com



3. Sensing ambient light intensity with a LDR and switching a LED on and off depending on the

light intensity.

LDR ®@® greim SDmd toedenen 80O ® geimed SQomden ®» LED dwid ctdde o®

58660.
A+Sv
LI LI
T M N 4 88 A H* D> M u T O
<I<I<IC[<I<I5§ -c-c;"-l-tl
gég ATmega328P
- - -~
w & ~ -
’$>\c>\c ™ - 22 &8 n oo
® & — (U ! « N J X X 2 ! N~ @
HEEE [ 1]
ég—\/\/\ml a
5 | 1ekQ S
‘ Reset Y
button
7 >

e

Here the positive terminal of the LED should be
connected to a digital pin of the Arduino board
through a resistor and the negative terminal to
a GND pin.

@82 LED 8 0» grc §8ediem &)
Arduino ®9dted® BBOE B8 DO &agn
g5 GND 85 dawds BR80) B Gmed.

One end of LDR should be connected to 5V pin
of Arduino and other end to analog pin.

o9¢ LDR & & e@ns Arduino &8 5V 85
Dwde GeND FHG HGHe@® 8% Dwmde
OB DG GGE.

And the same LDR pin should be connected to
a GND pin through a resistor.

20 ®® LDR e@mnd 5860idnm wden GND 83
D0 BB DG (.

Here a resistor (about 10kilo ohm) is applied to
control the sensitivity of the LDR.

6OBE 586G (10 B DB @) 6NEHGS
LDR & €30858 engxme SH®OEG.
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Arduino program

void setup() {

pinMode (13, OUTPUT);

}

void loop() {

int 1drValue = analogRead(A9);

if (ldrValue < 200) {

digitalWrite(13, HIGH);

} else {

digitalWrite(13, LOW);

}

delay(100);
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Explanation Further information
&c9t88 BOO Oe8gd st BLO

https://www.youtube.com/watch?v=uEl6mV8Y
pinMode (13, OUTPUT); AxY&t=122s

Sets the 13 pin as an output.
13 85 D 5B8ermnes 6@t t5wesd

int 1drValue = analogRead(A9);

Reads the analog value from the LDR connected
to AO.

AD 88 D 60 850> LDR 608 &e®
E®B HHdE3.

The LDR's resistance varies with light intensity,
and this function returns a value between 0
(dark) and 1023 (bright).

LDR 8 g5860in pe@im S0mOG axnd edwmel

D» god 608 oo 0 (egde) 5w 1023 (B3505)
g0 gmKD @R 6c3.

if (1drValue < 200)
{digitalWrite(13, HIGH);}

Checks if the light intensity is low (dark

environment).
PRI BHOG af) et e wod.

The threshold value of 200 can be adjusted to
suit your specific lighting conditions.

200 » 59 gor R SEdD meEiD
DEBOGESO ®eEeesD SO 5t e Bu.

If the condition is true, the bulb lights up.
BINBGEEB s DBES 9B DSVG crded.

else {digitalWrite(13, LOW);}

Otherwise the bulb will not light.
detd 6nPEHB RRAR® 6mcrRed.

delay(100);

This delay is used for stability, ensuring that the
Arduino doesn't read the LDR value too quickly
and provides time for the LED state to be visible.
6005 SNBDDOG e B OB, Arduino)
®®s LDR gmn 9o 9m@ss) S emmaie)

RO 308 O god LED 8 o386 66555800
IR 5e3CE.

38
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4. Switching a motor on and off

depending on the room temperature with temperature sensor.
BB 3068cwen’ @8BS mOOed cBMTOG 4xd 6@I0OGE 6 5w gEc SOO.

A+SV

[ [
v 282 ¥2853320 52
g a
= [Tont ~ ATmega:iEEPN
— |:: ° 7 o3 3

& K0 eddX%?P

HERR |
10kQ .

10 Reset :

o button !
v v

Here one end of the motor should be
connected to the negative end and the other to

a digital pin on the Arduino board.
cOBE 6®ID06E D FEHEH 5% FHHEOE FEMW

Arduino g8dte8 BB0F 8s dwmOe ©BRER
DG GG.

Here LM35 can be used as temperature sensor.

COBE B0 oedewn 6@t LM35 eme) e
B0,

Here the VIN terminal should be connected to
the 5V pin of the Arduino board, the VOUT
terminal should be connected to an analog pin,
and the GND terminal should be connected to
a GND pin of the Arduino board.

6®8 VIN g®c Arduino ¢96zed 5V 8 dm0s,
VOUT e@e aroe@m® 88 dowdss, GND gxc

Arduino 38¢ted GND 8% 0SS 68550 D¢
Gcs.

VIN VOUT GND

39

+
0
<
>

Arduino program

const float temp = 25.0;

void setup() {

pinMode(A@, INPUT);

pinMode(7, OUTPUT);

digitalWrite(7, LOW);

}

void loop() {

int tempRead = analogRead(A9);

float voltage = tempRead * (5.0/

1023.0);

float temperatureC = voltage *

100;

if (temperatureC >= temp) {

digitalWrite(7, HIGH);

} else {

digitalWrite(7, LOW);

}

ictfromabc.com



Explanation
scced BOO

const float temp = 25.0;

This line declares a constant temp which is set
to 25.0°C.

6@ 25.0°C 6@t 5w g8 Boo cBMBOE
&5NG DOGB.

This is the temperature threshold.
605 cEnD B@HDEA.

When the measured temperature exceeds this

value, the fan will be turned on.
OB® @ cEMBOG 600 amn WO Bo DO,
el od 686 OH Q6.

pinMode(A@, INPUT);
pinMode(7, OUTPUT);

Configures pin AO as an input and pin 7 as an
output.

AQD 855 D eperces 6@t 7 88 dm gSeme
6 Bwwes mAB.

digitalWrite(7, LOW);

Sets pin 7 to LOW, ensuring that the motor is
off initially.

6®30006 GBS H) BOBD DD 5B OB, 83
7, LOW e@ts esmeat3.

int tempRead = analogRead(A9);

Reads the analog value from pin A0 where the
LM35 sensor is connected.

LM35 es0e8eme 68550 @0 &S 85 A0 eSS
55e® gme BEDE.

The analog value ranges from 0 to 1023.
D® emen 0 80 1023 38 esthescsm esO8.

float voltage = (5.0 /

1023.0);

tempRead *

Converts the analog reading to a voltage.
558 Brd® 6DISOEMOEDO  SDOVD®E
OB,

The formula 5.0 / 1023.0 scales the reading from
a range of 0-1023 to a range of 0-5V.

5.0 / 1023.0 c» gy (0-1023) ssdoesecd 8O 0-
5V estesen o) Snd@ esd@gncs mOa.

40

float temperatureC = voltage * 100;

Converts the voltage to temperature in Celsius.
6BV ED 63380 £BIMBOED SHOVDDEG
2OB.

For the LM35 sensor, the output voltage is
linearly  proportional to the Celsius
temperature, with a scale factor of 10mV per °C.

LM35 eoeBemes esem, 8e® 6D3a0nmdn
63380t cEDBOBD HDED BEITHED O

gm0, 1°C © 10mV sd@ngms eem.

Therefore, multiplying the voltage by 100 gives
the temperature in Celsius.

DB 60D 100 B8 @én BOedS
6633803 cBHMBOG @red.

if (temperatureC >= temp)

Compares the measured temperature
(temperatureC) to the threshold (temp).

B8» @c cBMDOG (temperatureC) @IS
CBBOG (temp) 60® eee.

digitalWrite(7, HIGH);

If the temperature is equal to or greater than
25°C, turns on the motor.

B0 6e38BneS gomm 25 O @ 6m) i)
®8, 6®3000 55K DOB.

else {digitalWrite(7, LOW);}

If the temperature is below 25°C, turns off the
motor.

EBH5500 663380 gomm 25 O D) af) 98,
@306 a8 OB,

A 230V fan can be operated by connecting a
relay instead of the motor.

6®BE 68300 60RO relay D 38D HBO
BB 230V BB 230t BIDOD DG B,

Further information
86 st BLO

https://www.youtube.com/watch?v=f2V_BnUO
gxl
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5. Detection of opening/closing a door using a reed switch.
00 B5800E MO 68)0H HDa SOO / Dil® wgm @BO.

Here the positive terminal of the LED should be connected to a digital pin of the Arduino board through
a resistor and the negative terminal to a GND pin.

c®88 LED 8 Q» @ 8edns ®o®) Arduino 89ded® B80Q8 88 dowmds s gxc GND 85
D@OD BV DG GRE.

A+Sv
| L] | L[] “'D
N T M U ~~ O AQ = > y - & o D aa
dddedé& o-c;-‘;-c?
<
ATmega328P
- -
|:;=e:' o 2 3 o
wéﬁmpv%5§§l{’$t\m 8
R |1
10k
‘ Reset
T button
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Arduino program

Void setup() {

pinMode(2, INPUT_PULLUP);

pinMode (13, OUTPUT);

}

void loop() {

if (digitalRead(2) == LOW) {

digitalWrite(13, HIGH);

} else {

digitalWrite(13, LOW);

}

Explanation
scced BO®

pinMode(2, INPUT_PULLUP);
pinMode (13, OUTPUT);

The pull-up resistor ensures that the pin reads
HIGH when it is not connected to anything.

83 D SBODO 380D eendsm 8O HIGH e@es
&5Be®B DOGB.

When connected to ground (through a button
press, for instance), it will read LOW.

GND w0 830 § 80 (6e®dencs 6@es
6O DDe®), D LOW eres Budy) &owm.

Also sets pin 13 as an output.
20 88 13 8ot 6@es e3esd.

if (digitalRead(2) == LOW)
{digitalWrite(13, HIGH);}

Reads the state of pin 2. If the state of pin 2 is
LOW ( the button connected to pin 2 is pressed,
connecting the pin to ground), the following
block of code is executed.

8% 2 8 o530 Bxda. 85 2 8 ou5dn LOW #8

(B8, 8% 2 O es8Rx30) 3900 e58n @6 & GND
0 0S0 ®EDO), 50D GG FHDOD 68.

Then pin 13 outputs as HIGH.
8O 8« 13, HIGH e@ts 58ermn @oa.

else {digitalWrite(13, LOW);

Otherwise pin 13 is output as LOW.
dotd 616558 83 13 LOW sees 58e)me dE.

Popular Arduino projects
580 Arduino xea8 880

1. Line following car

An Arduino line-following car is a type of robot
designed to follow a predefined path, usually a
black line on a white surface or a white line on
a dark surface.

Arduino line-following e®308 &Oms oy &bd
BEDD OVHEE gum@mnc BHBO HH&HEnn @O
&8 6MIGRI OV®EE.

6®® @HBE DSOS e OBOD O
HNOD 63 rds OBOD e 6LRNDD 68.

It use IR sensors to identify the path.

D W®E ®e) @E®0 IR t506decm )0
WOEB.
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2. Maze solver
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An Arduino maze-solving robot is a more
advanced type of autonomous robot designed
to navigate through a maze, using sensors and
algorithms to find its way from the start to the
end point.

Arduino maze-solving robot gy &&ns Enen
IO 30moSe 6k AV®EE B gmd DG

maze Do ®O® ecdecdBO, oedew €3
Fre@mOD® NDDEES MOBmed 8O gde®m
BND D) DB VBB 630G BTSHRD BrSDD
D8 SH@ENG DO .

3. CNC plotter

An Arduino CNC plotter is a machine that can
draw or engrave on various surfaces using a pen
or a cutting tool.

Arduino CNC plotter & ¢y 520905 663 rs®
@D HDer® BB sadd) @D giEd®D 6m3
DOEB BHOD Bl BDHEE.

CNC stands for "Computer Numerical Control,"
meaning the machine's movements are
controlled by a computer program.

CNC 6y “Computer Numerical Control* &5e.
9B YD DEHHS SD®ED DEOHHE
BBS eNEMG 6D.
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4. Self-balancing robot

An Arduino self-balancing robot is a two-
wheeled robot that can maintain its balance
automatically.

Arduino self-balancing robot ©g &8no§nd
BONBONDG SO ®m ® bl 6cew
6OIBRIO.

This type of robot uses sensors to detect its
orientation and a control system to adjust the
motors, keeping it upright.

6®® O®EE 6MHeIDGT OB EMHHG ®EN
®BOO 506D NDM) ®O® gd DG 6WESD
D) ®BBS @300 tswwed BOBO eNE® SEABGE
)0 DOB.

The project involves a combination of
electronics, mechanics, and programming.
Oe5aBBO 9eEWeIBm, 1KY Demd &®
DOBBRDDE (3% E30WRDEE FLRSES 65.

5. 3D printer

An Arduino-based 3D printer is a device that
can fabricate three-dimensional objects by
depositing material layer by layer according to
a digital model.

Arduino ®@» sen® § §@%n esn BRBHGED BY
e300t PaBHEDO exd ¢ds BSAdens A0
DB BHe®S g OS5 Hecdn s
EBWOSEE.
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6. Solar tracker

An Arduino solar tracker is a device that orients
solar panels toward the sun to maximize the
amount of sunlight they capture, thereby
improving the efficiency of solar energy
systems.

Arduino solar tracker oy &bo e G
6es0 6(NE WO® COWOIMEBD DD gd DABS
emeimed cod® @Fne R ®B) &gmd
DOBS £ REEDS 5EBD@ DIVEDBOMNE
8 @8.

It adjusts the position of the solar panels

throughout the day to follow the sun's path.
B eBBEIB® AH®EG nm@nc BB tem) e
8% &6 BstEdeE BBOO ewed @oa.

7. LED cube

An Arduino LED cube is a 3D matrix of LEDs that

can display light patterns and animations in
three dimensions.
Arduino LED es®wmas o LED & 8@ matrix

DS O® gt DBKS F®rw WS eI OO
&5t 8DDOI 6e3BDB WTD.
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8. Obstacles avoiding car

An Arduino obstacle-avoiding car is a robotic
vehicle designed to navigate around obstacles
without human intervention.

Arduino obstacle-avoiding e®30% &
B OEHDDOBE 6O D OO e5cdestdH®O
EB@En DO &8 6T NBHEE.

Using ultrasonic sensors to detect obstacles, the
car can change its direction to avoid collisions,
making it an excellent project for learning about
robotics, sensors, and programming with
Arduino.

D> ®»EX @eBBO ultrasonic e0edew 8N
OB, eI OAG ®DB DGSWE) BB ESEH)
8 Emd 6D G D good, D6 6Med]

;DBIG,  oedem  e®  Arduino ©@®
DPeDHE BERe 96mS® em OBS80
OmeaBem QDD 6 OGB.
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