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CHAPTERONE

1.0 INTRODUCTION

1.1 BackgroundoftheStudy

The advancement in technology has revolutionized various aspects of daily life, with
home automation being one of the most significant developments. Home automation systems
provide convenience, security, and energy efficiency by allowing users to control appliances
and electrical devices remotely. The increasing adoption of microcontrollers and wireless
communicationtechnologieshasfacilitatedthedevelopmentofsmarthomesolutionsthatcater  to
the needs of modern households.

Home automation technology has evolved from simple remote-controlled systems to
complex artificial intelligence-driven solutions. However, many of these systems require an
internetconnectionandinvolvehighimplementationcosts,makingtheminaccessibletosome users.
The use of Arduino UNO and Bluetooth technology provides an alternative, low-cost,
andreliablehomeautomationsolution. ArduinoUNQisanopen-sourcemicrocontrollerboard
thatofferseaseofuseand flexibility,whileBluetoothenableswirelesscommunicationbetween
devices within a limited range. By integrating these two technologies, a practical and cost-
effectivehomeautomationsystemcanbedeveloped,allowinguserstocontrolhomeappliances via a
mobile application.

Home automation, also known as smart home technology, refers to the use of control
systems and information technology to operate household appliances and devices remotely.
Theconcepthasevolvedsignificantlyovertheyears,incorporatingvarioustechnologiessuch as
Wi-Fi, Zigbee, GSM, and Bluetooth. These systems aim to improve energy efficiency,

security, and user convenience (Smith et al., 2020).



1.2 ProblemStatement
Despitetherapiddevelopmentofhomeautomationtechnologies,manyexistingsystems
areeithertooexpensive,complex,orreliantoninternetconnectivity,whichmaynotalwaysbe
available in remote or underdeveloped areas. Traditional home automation systems require
dedicated hardware and software configurations, making them challenging for non-technical
users. Additionally, commercially available solutions often come with subscription-based
services, increasing the overall cost of ownership.
Therelianceoninternet-basedautomationsystemspresentsanotherchallenge,asusers may
experience connectivity issues due to network outages, making the system unreliable in
certainlocations.Furthermore,someautomationsystemsinvolveextensivewiring,whichcan  be
difficult to install and maintain.
1.3 AimandObijectives
TheprimaryaimofthisprojectistodesignandconstructaBluetooth-basedhome automation system
using Arduino UNO.
Thespecificobjectivesofthisprojectinclude:
1. Todevelopacost-effectivehomeautomationsystemthatallowsuserstocontrol appliances
using a smartphone application.
2. ToimplementawirelesscommunicationsystemusingBluetoothtechnology.
3. Toenhanceuserconveniencebyprovidinganintuitiveandeasy-to-usemobile application
interface.

4. Toimproveenergyefficiencybyenablinguserstomonitorandcontrolappliances remotely.



1.4 SignificanceoftheStudy

Thisstudyissignificantinseveralways:

Cost-Effectiveness: The proposed system utilizes readily available components,
making it an affordable alternative to existing commercial home automation
solutions.

User-Friendliness: The mobile application interface is designed to be simple and
intuitive, ensuringeaseofuseforindividuals with minimal technical knowledge.
Energy Efficiency: By allowing users to control appliances remotely, the system

helps reduce unnecessary power consumption, contributing to energy savings.

IV.  Enhanced Security: Users can switch appliances on and off remotely, adding an
extra layer of security to their homes.
V. NolnternetDependency:ThesystemreliesonBluetoothcommunication,making it
functional in areas with limited or no internet access.
1.5 ScopeoftheStudy

ThisstudyfocusesondesigningandimplementingahomeautomationsystemusingArduino UNO and

Bluetooth technology. The system will include:

1.  ABluetoothmoduleforwirelesscommunication.

2. Amobileapplicationforcontrollingprototypehouseholdappliances.

3. Integrationwithbasicelectricaldevicessuchaslights,fans,andpowersockets.

4. Asimpleswitchingmechanismforturningdevicesonandoffremotely.

Thesystemwillnotincludeadvancedfeaturessuchasinternet-basedremoteaccess,voice control, or

artificial intelligence-driven automation.



1.6 LimitationsoftheStudy

1.

LimitedRange:Bluetoothtechnologyhasashortcommunicationrange,typicallyupto 10
meters.

BasicFunctionality: Thesystemislimitedtoturningdevicesonandoffanddoesnot include real-
time power consumption monitoring or Al-driven automation.

Device Compatibility: The system is designed to work with basic household appliances

but may require modifications for compatibility with more complex devices.



CHAPTERTWO
2.0 LITERATUREREVIEW
2.1 HistoryofHomeAutomation

Homeautomationissomethingwetakeforgrantednowadays. Wecannotimagineour

daywithouthavinganAlexadeviceplayingourmusic,oursmartTVshowingthelatestNetflix shows
or a day without our smartphone.
The technology progress has been through a lot of changes throughout the years, and that is
shown best in our dailyappliances and smart devices. We gathered some historical examples
ofearlyversusmoderntechnologytodemonstrate to youhowthankful weshouldbeforwhat we
have. Did you know that the first devices used in home automation were labor-saving
devices? Theseare afew ofthemost significant innovations in this field sinceits inception in
the 1800s.

Home automation has a long history that dates back to the early 20th century when
electrical appliances first became widespread. The development of home automation can be
traced through various technological advancements:

1. 1900s-1950s:Theinventionofhouseholdelectricalappliancessuchasrefrigerators, washing
machines, and vacuum cleaners laid the foundation for automation.

2. 1960s-1980s: The introduction of remote-controlled devices, such asgarage doors
andtelevisions, marked the early forms of automation.

3. 1990s: The emergence of programmable logic controllers (PLCs) and wired automation

systems allowed for greater integration of home automation features.



4. 2000s-Present: The development of wireless communication technologies such as Wi-Fi,

Bluetooth, and Zigbee has led to the modern era of smart homes, where devices can be

controlled remotely via mobile applications (Miller & Johnson, 2020).
Automationperformsanincreasinglyvitalroleindailyexperienceandglobaleconomy. Engineers
strive to combine automated devices with mathematical and organizational toolsto create
complex systems for a rapidly expanding range of applications and human activities. The
concept of home automation has been around since the late 1970s. But with
theenhancementoftechnologyandsmartservices,people’sexpectationshavechangedalot
duringthecourseoftimetoperfectlyturnthetraditionalhouseintosmarthome,andalsothink
thatwhatahomeshoulddoorhowtheservicesshouldbeprovidedandaccessedathometo

becameasmarthomeandsohastheideaofhomeautomationsystems.
2.2 HomeAutomationSystem

Givingenduserstheabilitytocontrolandoperateelectricappliancesispossiblewitha home
automation system. When examining various home automation systems over time, we can see
that they have consistently worked to give residents of homes safe, practical, and effective
ways to access their homes. The look of a home automation system hasn't changed over time,
despite changes in user expectations, advancements in technology, or time itself.

Many existing, well-established home automation systems are based on wired
communicationsuchasArduinobasedandraspberrypibasedhomeautomationsystems.This  does
not pose a problem until the system is planned well in advance and installed during the
physical construction of the building. But for already existing buildings the implementation
costgoesveryhigh.Incontrast, Wirelesssystemscanbeofgreathelpforautomationsystems

likeBluetooth,Wi-FiandlOTbasedhomeautomationsystems. Withtheadvancementof



wireless technologies such as WiFi, cloud networks in the recent past, wireless systems are
used every day and everywhere.
2.2.1 Arduino-BasedHomeAutomation

Arduino-basedautomationsystemshave gainedpopularityduetotheirlowcost,open-
source nature, and ease of programming. According to Brown et al. (2021), Arduino-based
homeautomationsystemsprovideaflexibleandscalablesolutionthatallowsuserstointegrate
multiple sensors and actuators. Researchers have successfully implemented Arduino systems
forcontrollinglighting,temperature,andsecurityfeaturesinsmarthomes(Jones&L ee,2019).
2.2.2 BluetoothBasedHomeAutomationSystemUsingCellPhones

Relays are used to connect the Arduino BT board to the input/output ports of the
homeappliances in a Bluetooth-based home automation system. The Arduino BT board connects via
Bluetooth and is programmed using the high-level interactive C language of microcontrollers.
Onlyauthorizeduserscanaccesstheappliancesthankstothepasswordprotection.Forwireless
communication,the ArduinoBThoardandphoneestablishaBluetoothconnection. Thissystem uses
a Python script that is portable and installableon anySymbian OS environment. A single
circuit is created and put into use to receive phone feedback, which shows the device's status.
2.2.3 ZigheeBasedHomeAutomationSystemUsingCellPhones

To monitor and control the home appliances the system is designed and implemented
usingZigbee. Thedeviceperformanceisrecordandstorebynetworkcoordinators.Forthisthe ~ Wi-
Finetworkisused,whichusesthefourswitchportstandardwirelessADSLmodernrouter.
ThenetworkSSIDand  securityWi-Fiparameter —arepreconfigured. Forsecuritypurposes,the
message is first processed by the virtual home algorithm. Once it is deemed secure, it is re-

encryptedandsenttothehome'sactualnetworkdevice. TheZigbeecontrollersentmessages



totheendoftheZigbeenetwork. Thesecurityandsafetyofeverymessagethatthevirtualnome
algorithm receives. ZIGBEe communication is useful in lowering the system's cost and the
intrusiveness of the installation process.
2.2.4 GSMBasedHomeAutomationSystemUsingCellPhones

Because of the mobile phone and GSM technology, the GSM based home automation
islureto research.TheSMSbasedhomeautomation,GPRSbasedhomeautomationanddual
tonemultifrequency(DTMF)basedhomeautomation,theseoptionsweconsideredmainlyfor
communicationinGSM.InfigureshowsthelogicaldiagramtheworkofA. Alheraish,itshows
howthehomesensorsanddevicesinteractwiththehomenetworkandcommunicatesthrough
GSMandSIM(subscriberidentitymodule). Thesystemusetransducerwhichconvertmachine
functionintoelectricalsignalswhichgoesintomicrocontroller. Thesensorsofsystemconvert  the
physical qualities like sound, temperature and humidity into some other quantity like
voltage. Themicrocontrolleranalysisallsignalandconvertthemintocommandtounderstand by
GSM module. Select appropriate communication method among SMS, GPRS and DTFC

based on the command which received GSM module.
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Figurel:TheblockdiagramofaGSMhomeautomationsystem

2.2.5 Wi-FiBasedHomeAutomationSystemUsingCellPhones
Wi-Fi based home automation system mainly consist three modules, the server, the hardware
interfacemodule,andthesoftwarepackage. Thefigureshowsthesystemmodellayout.Wi-Fi
technologyisusedbyserver,andhardwarelnterfacemoduletocommunicatewitheachother. The
same technology uses to login to the server web based application. The server is
connectedtotheinternet,soremoteuserscanaccessserverwebbasedapplicationthroughthe
internetusingcompatiblewebbrowser.Softwareofthelatesthomeautomationsystemissplit
toserverapplicationsoftware,andMicrocontroller(Arduino)firmware. The Arduinosoftware, built
using C language, using IDE comes with the microcontroller itself. Arduino software is

culpableforgatheringeventsfromconnectedsensors,thenappliesactiontoactuatorsandpre-



programed in the server. Another job is to report and record the historyin the server DB. The
serverapplicationsoftwarepackagefortheproposedhomeautomationsystem,isawebbased

application built using asp.net. The server application software can be accessed from internal
network or from internet if the server has real IP on the internet using any internet navigator
supports asp.net technology. Server application software is culpable of, maintain the whole
home automation system, setup, and configuration. Server use database to keep log of home

automation system components, we choose to use XML files to save system log.

Figure2:thediagramofaWIFIbasedhomeautomationsystem
2.2.6 HomeAutomationUsingRFModule
BuildingahomeautomationsystemwithanRF-controlledremoteisakeyobjectiveof home
automation systems. As technology advances, homes are becoming increasingly
intelligent. AcentralizedcontrolsystemwithRF-controlledswitchesispurposefullyreplacing  the
switches found in modern homes. These days, it is difficult for the end user to approach and
operate the traditional wall switches that are dispersed throughout the house. For older adults

or those with physical disabilities, it becomes even more difficult to do so.

10



Using RF technology, home automation via remote implements a simpler solution.
Solution with RF technology. In order to accomplish this, a RF remote is combined to the
microcontroller on transmitter side that sends ON/OFF signals to the receiver where devices
areconnected.Byoperatingthestatedremoteswitchonthetransmitter,theloadscanbeturned
ON/OFF globally using wireless technology.

2.2.7 RaspberryPieHomeAutomationwithWirelessSensorsUsingSmartPhone

Usingasmartphoneandwirelesssensors,aRaspberryPihomeautomationsystemusing a
Raspberry Pi to read the email's subject line and algorithm, a home automation system was
created. The Raspberry Pi promises to be a productive platform for putting strong, affordable
smart home automation into practice. Raspberry Pi home automation is superior to all other
home automation techniques in a number of ways.

For instance, the call tariff is a significant drawback of DTMF (dual tone multi-
frequency) using home automation, even though this is not an issue with their suggested
approach.Becauseitonlymakesuseofthewell-knownwebserverserviceprovidedbyGmail,
thedesignofthewebserverandthememoryspaceneededaredisregardedinhomeautomation  using
web servers.

2.3 BluetoothTechnologyinHomeAutomation

Bluetooth technology plays a crucial role in wireless communication for home
automation.UnlikeWi-Fi,Bluetoothdoesnotrequireinternetconnectivity, makingitidealfor
offline applications. According to Patel & Sharma (2022), Bluetooth-based home automation
systemsofferareliable, low-poweralternativeforcontrollingapplianceswithinalimitedrange.
Various studies have explored the advantages of Bluetooth-based automation, highlighting its

affordability and ease of implementation (Kumar etal.,2021).
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2.3.1 ChallengesofHomeAutomationSystems

Home automation systems suffers four main challenges; these are poor manageability,
inflexibility, difficulty in achieving security and high cost of ownership, The main objectives
ofthisresearchistodesignandimplementahomeautomationsystemusingloTthatiscapable of
controlling and automating most of the house appliances through an easy manageable web
interface. The proposed system has a great flexibility by using Wi-Fi technology to
interconnect its distributed sensors to home automation server. This will decrease the

deployment cost and will increase the ability of upgrading, and system reconfiguration.
2.4 TheNecessityofHomeAutomationsystem

2.4.1 ConvenienceandComfort

1. Remote Control: One of the most significant advantages of home automation is the
abilityto control home devices remotely. With smartphones, tablets, or smartwatches,
homeowners can turn lights on or off, adjust the thermostat, or unlock doors from
virtually anywhere. This level of control makes managing a home more convenient,
especiallyforpeoplewithbusyschedulesorthosewhotravelfrequently. Additionally, voice
assistants like Alexa or Google Assistant enable hands-free control, making it even
easier to manage home tasks. (Wang et al., 2015).

2. Automation of Routine Tasks: Home automation systems can handle repetitive tasks
without any user intervention. For example, lights can be set to automatically turn on
when someone enters a room or a coffee machine can brew a cup at a specific time in
the morning.

Such automation removes the need for manual input, saving time and effort. (Liu et al.,

2018)

12



3. Customized Comfort: Climate control is another example where automation makes a
difference. Smart thermostats learn user preferences and adjust the temperature based
on time of day, weather, or occupancy. This ensures comfort while also preventing
energy wastage, as the system won’t waste energy heating or cooling an emptyhome.
(Deng etal.,2017)

2.4.2 EnergyEfficiencyandCostSavings

1. EnergyConsumption Monitoring: With the growing awareness of climate change and
the need for sustainability, home automation helps homeowners track and reduce
energy consumption. Smart meters and energy management systems provide insights
intohowenergyisbeingused,enablinguserstoidentifyhigh-consumptionappliances  and
take steps to optimize usage. For instance, smart lighting systems use motion sensors
to ensure that lights are only on when rooms are occupied, cutting down on
unnecessary electricity usage. (Zhao & Zhang, 2019)

2. Smart Thermostats: A well-known feature of home automation systems, smart
thermostats like Nest, Eco bee, or Honeywell, can significantly lower energy costs.
These devices can detect when the home is empty and adjust the temperature
accordingly to save energy. They can also learn the homeowner’s habits and set
heating/cooling schedules based on personal routines. Over time, this smart behavior
results in better energy efficiency and lower monthly utility bills (Bohannon, 2016).

3. AutomatedShadingandLighting: Automatedshadingsystemscanadjusttheblindsto
blockoutheatfromthesunduringpeakhoursinthesummer,reducingtheneedforair

conditioning.(Kumaretal.,2017)Similarly, lightscanautomaticallyadjusttothe

13



ambientlightlevels,ensuringthatroomsareneithertoobrightnortoodarkwhileusing the
minimum amount of energy required.
2.4.3 EnhancedSecurityandSafety

1. Surveillance Systems: Security is a major concern for homeowners, and home
automation helps address this byprovidingan advanced securitysystem that monitors
the home 24/7. Cameras, motion sensors, and door/window sensors are often part of a
smart security system. Alerts are sent to the homeowner’s smartphone if there is
unusual activity detected, allowing for immediate action. Furthermore, some systems
canbeprogrammedtosendalertstoemergencyservicesortonotifytrusted neighbors in case
of a break-in.

2. Smart Locks: Smart locks are a critical part of home automation security. These locks
allow users to lock or unlock doors remotelyvia a smartphone app. Theyalso provide
theabilityto givetemporaryaccesstoothers,suchashousekeepers, friends,orservice
technicians, with digital keys that can be revoked at any time.

3. Emergency Alerts and Monitoring: In addition to security, smart home systems can
detect safetyhazards such as smoke, fire, carbon monoxide, or water leaks. If such an
eventoccurs,thesystemwillalertthehomeowner,andinsomecases,canautomatically
shutoffsystemslikewatervalvesorturnonemergencylights. Thisproactiveapproach
ensures the safety of both people and property.

2.4.4 AccessibilityforElderlyandDisabledIndividuals

1. AssistiveTechnologies:Forelderlyordisabledindividuals,homeautomationprovides

essential support in maintaining independence. Devices like voice-activated assistants

canhelpthosewithlimitedmobilitycontrollights,doorlocks, fans,andeven

14



appliances. Automated reminders for medication or appointments can also be
programmed, helpingindividuals stayon top of their healthcare needs without relying
on others.

2. Remote Control for Comfort and Safety:Features like automated lighting and
adjustable thermostats can be particularly beneficial for elderly individuals, helping
them to stay comfortable without needing to adjust settings manually. Smart home
technology also enables remote control of doors, windows, and blinds, reducing
physical strain.

3. Health Monitoring and Emergency Response: Some home automation systems
integratewithhealthmonitoringdevices,such aswearablehealthtrackersor emergency alert
systems. These can be used to monitor vital signs or detect falls. In case of an
emergency, the system can notify caregivers, family members, or emergency services
for quick response.

2.4.5 IntegrationwithloTandSmartTechnologies

1. Seamless Integration: Home automation is a keycomponent of the broader Internet of
Things (1oT) ecosystem. It enables communication between a wide range of smart
devices, including lights, appliances, thermostats, security systems, and even
entertainment systems. This interconnected network allows for centralized control
through a smartphone app or voice assistant, making it easier to manage multiple
devices at once.

2. Data and Feedback: loT-enabled smart homes collect vast amounts of data about how

devicesarebeingused. Thisdatacanbeusedtofurtheroptimizesystems,provide

15



insights into energy use, and even predict future behavior, such as when a device is

likely to need maintenance or replacement.

2.4.6 IncreasedPropertyValue

1.

Appeal to Homebuyers: As smart homes become more popular, theyare seen as more
modern and desirable. Installing smart devices such as lighting, security, and climate
control systems can increase the overall value of a property, makingit more attractive
to prospective buyers. Real estate agents often highlight smart home features when
marketingaproperty,andmanybuyersnowview thesefeaturesas akeysellingpoint.

Competitive Advantage: In competitive real estate markets, smart home features can
set a property apart. Automated homes are perceived as more convenient, secure, and

energy efficient, which can lead to a higher resale value or quicker sale.
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CHAPTERTHREE

3.0 METHODOLOGY
3.1 Thestagesofhomeautomationproject
Themethodologyforthishomeautomationprojectencompassesfourmainstages:

1. SystemDesignandPlanning

2. SoftwareDevelopment

3. IntegrationandTesting

4. Securitylmplementation
SystemDesignandPlanning
l. Requirements Gathering: Identify hardware components (Arduino UNO, Bluetooth
module,relaymodule,andpowersupply)anddeterminethenecessarysoftware(ArduinolDE,
Bluetooth control app) to meet the project’s objectives.
I Circuit Design: Design the electrical circuit to connect the Arduino UNO, Bluetooth
module, relay modules, and household appliances. The relay modules are used to switch
appliances on and off based on commands received by the Arduino.
1. Component Layout: Plan the physical layout of the components to ensure safe wiring,
minimize electrical interference, and make the system compact and manageable.
SoftwareDevelopment
I.  ArduinoProgramming:Writecodeinthe ArduinolDEtocontroltherelaysbasedon

Bluetooth commands received from a mobile device.

Thecodewill:-EnabletheBluetoothmoduletoreceivecommands.-Interpretcommands(e.g.,
"ON"or"OFF")forspecificappliances.-Activateordeactivatetheconnectedrelaysbasedon the

received commands.

17



Il.  Mobile Application Configuration: - Use a pre-existing Bluetooth control app, or
configureasimplecustominterfacetosendcommandsfromtheuser’smobiledeviceto
theBluetoothmodule.-Assignuniquecommandsforeachapplianceandcreatebuttons or
control options for user- friendly interaction.

IntegrationandTesting

l. Hardware Integration: Connect the Arduino, Bluetooth module, relay modules, and
appliances according to the designed circuit. Ensure all connections are secure and
verify the operation of each relay.

. System Testing: - Test the connection between the mobile device and the Bluetooth
module to ensure reliable pairing and data transmission. - Test each appliance control
feature individually to ensure the correct relay activates with the corresponding
Bluetooth command. - Perform range tests to confirm the system operates effectively
within typical Bluetooth limits (approximately 10 meters).

I Debugging: Identify and fix any issues related to connection stability, command
accuracy, or relay operation. Securitylmplementation

l. BluetoothPairingSecurity: ~ Configurethe  BluetoothmodulewithauniquepairingPINto
restrict system access to authorized devices only.

I User Authentication: Implement basic authentication within the app if possible, ensuring
only authorized users can control the appliances. This could involve a simple password
prompt or device pairing verification.

Il DocumentationandUserTrainingUserDocumentation: Createausermanualwithstepby- step

instructions for system setup, connection, and troubleshooting.

18



Safety Guidelines: Include safety instructions for handling the hardware, especially with
appliances connected to high-voltage power sources.
End-UserTraining:Provideguidelinesonhowtousethemobileapplication,pairthe device, and

interpret system indicators (e.g., LEDs for on/off status).

EvaluationandFinalAdjustments

UserFeedback:Collectfeedbackfromusers(ortesters)toidentifyanyusability or
performance issues.
AdjustmentsandOptimization:Makeanyfinaladjustmentstothecode,circuit,or app
configuration based on feedback to enhance system performance and user

satisfaction.
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3.2 DiagramOfTheHomeAutomationSystemusingArduinoUNOandBluetooth.

SMARTPHONE

[l

BLUETOOTH

RELAYS APPLIANCES

POWER ARDUINO
SUPPLY UNO

Figure3:theblockdiagramofahomeautomationsystem.

3.2.1 Thepowersupply
Thedesignispoweredbyoneofrechargeable18650battery. Thebatteryisrated7AH,

12V.Thisimpliesthatthebatterywillsupplyatotalof:12voltsand7AHcapacity. Thevoltage levels
required bythecircuits are5voltsand12volts; all theinnercircuitsexcept thepump is powered
by a 5v but the pump is powered with 12v. In other to get 5 volts from 12 volts, a
buckconverterisused. Abuckconverter(stepdownconverter)isaDC-to-DCpowerconverter which
steps down voltage (while stepping up current) from its input (supply) to its output (load). It
is a class of switched-mode power supply (SMPS) typically containing at least two
semiconductors (a diode and a transistor) and an inductor. Its name derives from the inductor

that “bucks” or opposes the supply voltage.
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Figure4:thebuck convertercircuit

In comparison to linear regulators, which are more straightforward circuits that lower
voltages by dissipating power as heat but do not step up output current, switching converters
(suchasbuckconverters)offerafarhigherlevelofpowerefficiencyasDC-to-DCconverters.
Buckconvertersareessentialforjobslikeconvertingacomputer'sprimarysupplypowerdown to
lesser voltages needed because of their great efficiency, which is frequently over 90%.
Switching frequencies used by buck converters typically range from 100 kHz to a few MHz
Smaller inductors and capacitors can be used with greater switching frequencies, but the
efficiency is lost more frequently due to transistor switching.

3.2.2 ArduinoUNO

Arduino UNO is based on ATmega328P Microcontroller, an 8-bit AVR Architecture

basedMCUfromATMEL.ArduinoUNOcomesintwovariants:oneconsistsofa28-pinDIP

Microcontroller while the other consists of 32 lead Quad Flat Package Microcontroller.
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Figure5:TheArduinoUNOBoardforbutSMDandThresiode
3.2.3 ArduinoUNOBoardLayout
Thefollowingimageshowsthelayoutofatypical ArduinoUNOboard.Allthe components are

placed on the top side of the PCB.
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Figure6Thepinoutdiagram ofArduinoUNOboard

Asyoucannotice,thereisaType-BUSBconnectorontheleftshortedgeoftheboard,
whichisusedforpoweringontheboardaswellasprogrammingtheMicrocontroller. Thereis also a
2.1 mm DC jack to provide external power supply.

3.2.3.1 TechnicalSpecificationsofArduinoUNO

MCU ATmega328P
Architecture AVR
OperatingVoltage 5V
InputVoltage 6V-20V/(limit)7V—
12V(recommended)
ClockSpeed 16 MHz
FlashMemory 32KB(2KBofthisused bybootloader)
SRAM 2 KB
EEPROM 1 KB
DigitallOPins 24(of which6canproducePWM)
AnaloglnputPins 6
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As Arduino UNO is based on ATmega328P Microcontroller, the technical
specifications of Arduino UNO are mostly related to the ATmega328P MCU. But none the
less, let me give you a brief overview about some important specifications of Arduino UNO.
3.2.3.2 HowtopoweruptheArduinoUNO?

There are acoupleofways inwhich you canpowertheUNOboard.Thefirstandeasy
wayisusingtheType-BUSBConnector.Thenextwayistoprovideanunregulatedsupplyin the range
of 6V to 20V to VIN pin of the UNO (Pin number 26).

You can also supplythe unregulated supplythrough the 2.1mm DC Jack, in which case, you can
access the supplied voltage through the VIN Pin.
3.2.3.3 WhatareDifferentMemoriesofArduinoUNO?
Strictly speaking, this is specific to the MCU i.e., ATmega328P, used on the Arduino
UNO Board. There are three different memories available in ATmega328P. They are:
1. 32KBofFlashMemory
2. 2KBofSRAM
3. 1KBofEEPROM
4. 0.5KBoftheFlashMemoryisusedbythebootloadercode.
3.2.3.4 ThelnputandOutputPinsofArduinoUNO

The32pinsavailableon theUNOboard,22pins are associated withinput andoutput. In
that 14 pins (DO to D13) are true digital 10 pins, which can be configured as per you
application using pinMode(), digitalWrite() and digitalRead() functions.
AlltheseDigitallOpinsarecapableofsourcingorsinking20mAofcurrent(maximum40mA is
allowed). An additional feature of the Digital 10 pins is the availability of internal pull-up

resistor (which is not connected by default).
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Thevalueoftheinternalpull-upresistorwillbeintherangeof20KQto S0KQ.
Therearealso6AnaloglnputPins(AO0toAS5).AlltheanaloginputpinsprovidealO-bitresolution ADC
feature, which can be read using analogRead() function.

An important point about Analog Input pins is that they can be configured as Digital 10 pins, if
required.

DigitallOpins3,5,6,9,10and11arecapableofproducing8-bitPWMSignals.Y oucanuse

analogWrite()functionforthis.

3.2.3.5 CommunicationInterfacesavailableonArduinoUNO
ArduinoUNOsupportsthreedifferenttypesofcommunicationinterfaces. Theyare:

1. Serial

2. 12Cor I’C

3. SPI
Perhaps the most common communication interface in the Arduino universe is the Serial
Communication. In fact, the Arduino boards (UNO or Nano or Mega) are programmed using
the serial communication.
DigitallOpinsOandlareusedasSerialRXandTXpinstoreceiveandtransmitserialdata. These pins are
connected to the serial pins of the on-board USB to Serial Converter IC.
Analog Input Pins A4 and A5 have alternative functions. They can be configured as SDA (A4)
and SCL (A5) to support 12C or 1°C or Two Wire Interface (TWI) communication.
ThefinalcommunicationinterfaceistheSPI1.DigitallOPins10,1112and13canbeconfigured as SPI

pins SS, MOSI, MISO and SCK respectively.
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3.2.3.6 Additionalfeatures

Thereisanon-boardLEDconnectedtodigital I0pin13.UsethisLEDtoperformBlinky
operations.Thereferencevoltagefortheinternal ADCisbydefaultsetto5V.ButusingtheAREF pin, you
can manually set the upper limit of the ADC. Using the IOREF pin, you can set the reference
voltage for Microcontroller operations.

To reset the microcontroller, you can use the on-board RESET button. Although you
canprogramthe ArduinoUNOusingtheUSBcable,thereisaprovisiontoprogramtheMCU
usingthelnCircuitSerialProgramming(ICSP)interface. The UARTbootloader,whichis
preloaded in to the ATmega328P microcontroller, enables programming through serial
interface. ButICSPdoesn’tneedanybootloader.YoucanprogramArduinoUNOusingISCP or use
the ISCP of Arduino UNO to program other Arduino Boards.

Digital 10 Pins 2 and 3 can be configured as External Interrupts Pins INTO and INT1
respectively. Use attachInterrupt() function to configure the Interrupt for rising edge, falling
edge or level change on the pin.
3.2.3.7 ArduinoUNOPinout

Now that we have seen a little bit about Arduino UNO and its important features and
specifications, let us dive into the Arduino UNO Pinout. The following image shows the

complete pinout of Arduino UNO Board.
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Figure7:ArduinoUNOpinoutdiagram

Asyoucanseefromtheimage, ldescribedeachpinofthe ArduinoUNOwithitsmicrocontroller
equivalent pin, alternative functions, default functionality and other additional features.
3.2.3.8 PinDescription

For pin description of Arduino UNO, let us assume some basic numbering. Let the
numbering begin with the RX Pin (D0). So, RX is Pin 1, TX is Pin 2, D2 is Pin 3 and so on. On

theotherside,NCisPin19,I0REFisPin20etc.Overall,thereare32pinsonthe ArduinoUNO Board.
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Pin PinName Description Alternative
Number Functions
1 RX /DO Digital 10 Pin 0 Generallyusedas RX
SerialRXPin
2 TX /D1 Digital 10 Pin 1 Generally used as
SerialTXPin TX
3 D2 DigitallOPin2
4 D3 DigitalIOPin3 Timer(OC2B)
5 D4 DigitallOPin4 Timer(TO/XCK)
6 D5 DigitallOPin5 Timer(OCOB/T1)
7 D6 DigitallOPin6
8 D7 DigitallOPin7
9 D8 DigitallOPin8 Timer(CLKO0/ICP1)
10 D9 DigitallOPin9 Timer(OC1A)
11 D10 DigitallOPin10 Timer(OC1B)
12 D11 DigitallOPin11 SPI(MOSI)Timer

(OC2A)
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13 D12 DigitallOPin12 SPI(MISO)
14 D13 DigitallOPin13 SPI(SCK)
15 GND Ground
16 AREF AnalogReference
17 SDA/ D18 DigitallOPin18 I2CDataPin
18 SCL/ D19 DigitallOPin19 12CClockPin
19 NC Not Connected
20 IOREF VoltageReference
21 RESET Reset(ActiveLOW)
22 3v3 Power
23 5V +5VOutputfromregulatoror+5V
regulatedinput
24 GND Ground
25 GND Ground
26 VIN UnregulatedSupply
27 A0 AnaloglnputO DigitallOPin14
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28 Al Analoglnputl DigitallOPin15
29 A2 Analoglnput2 DigitallOPin16
30 A3 Analoglnput3 DigitallOPin17
31 A4 Analoglnput4 DigitallOPin1812C
(SDA)
32 A5 Analoglnput5 DigitallOPin19
12C(SCL)

Thefollowingtabledescribesthepinsofthel CSPConnector.

MISO MasterInSlaveOut(InputorOutput)
oV Supply
SCK Clock(fromMasterto Slave)
MOSI MasterOutSlaveln(InputorOutput)
RESET Reset(ActiveLOW)
GND Ground
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There is also a similar ICSP connector known as ICSP1 associated with the ATmegal6U
Microcontroller. For more information on this connector, take a look at the Arduino UNO
Pinout diagram.

3.2.4 RelayModule

A Relay is a simple electromechanical switch. While we use normal switches to close

or open a circuit manually, a Relay is also a switch that connects or disconnects two circuits.
Butinsteadofamanualoperation,arelayusesanelectricalsignaltocontrolanelectromagnet, which
in turn connects or disconnects another circuit. Relays can be of different types like
electromechanical, solid state. Electromechanical relays are frequently used. Let us see the
internal parts of this relay before knowing about working of relay. Although many different
types of relay were present, their working is same.
Everyelectromechanicalrelayconsistsofanconsistsofan

1. Electromagnet

2. Mechanicallymovablecontact

3. Switchingpointsand

4. Spring
Electromagnet is constructed bywoundingacoppercoil on ametal core. Thetwo ends ofthe coil
are connected to two pins of the relay as shown.

ThesetwoareusedasDCsupplypins.
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Normally open
Contact

Normally closed

contact

Figure8:typicaldiagramofarelaymodule

Generallytwomorecontactswillbepresent,calledasswitchingpointstoconnecthighampere  load.
Another contact called common contact is present in order to connect the switching points.
These contacts are named as normally open (NO), normally closed(NC) and common(COM)
contacts.

We can use a Relay either in a AC circuit or a DC Circuit. In case of AC relays, for every
current zero position, the relay coil gets demagnetized and hence there would be a chance of
continues breaking of the circuit.

So, AC relays are constructed with special mechanism such that continuous magnetism is
provided in order to avoid above problem. Such mechanisms include electronic circuit

arrangement or shaded coil mechanism.
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RelayWorkingPrinciple?

ThefollowinganimationshowshowaRelayworks.

NC —
\ COM
NO =

[
1

Figure9:TheDiagramofthePrincipleofOperationofRelay

1. Whentheelectromagnetisappliedwithsomecurrent,itinducesamagneticfieldaround fit.
2. Above image shows working of the relay. A switch is used to apply DC current to the
load.
3. Intherelay,Coppercoilandtheironcoreactsaselectromagnet.
4. When the coil is applied with DC current, it starts attracting the contact as shown. This
is called energizing of relay.
5. When the supply is removed it retrieves back to the original position. This is called De
energizing of relay.
Therearealsosuchrelays,whosecontactsareinitiallyclosedandopenedwhenthereissupplyi.e. exactly to
opposite to the above shown relay.
Solid state relayswill have sensing element to sense the input voltage and switches the

outputusing opto-coupling.

33



RelayApplications
Relays are used to protect the electrical system and to minimize the damage to the
equipment connected in the system due to over currents/voltages. The relay is used for the
purpose of protection of the equipment connected with it.
These are used to control the high voltage circuit with low voltage signal in applications audio
amplifiers and some types of modems.
Theseareusedtocontrolahighcurrentcircuitbyalowcurrentsignalintheapplications  like
starter solenoid in automobile. These can detect and isolate the faults that occurred in power
transmission and distribution system. Typical application areas of the relays include
1. Lightingcontrolsystems
2. Telecommunication
3. Industrialprocesscontrollers
4. Trafficcontrol
5. Motordrivescontrol
6. Protectionsystemsofelectricalpowersystem
7. Computerinterfaces
8. Automotive
9. Homeappliances
3.2.5 BluetoothModule
TheBluetoothwhichisalsoknownasHC-05isapopularBluetoothmodulewhichcan
addtwoway(full-duplex)wirelessfunctionalitytoanyofourprojectsinarangeofabout100m

without any obstruction or barrier.
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HC-05PinoutConfiguration

PinNum
ber

1

PinName

Enable

Key

Vcce

Ground

™ -
Transmitter

RX —
Receiver

State

LED

Button

Description

ThispinisusedtotogglebetweenDataMode(setlow)and AT command
mode (set high). By default it is in Data mode

Powersthemodule.Connectto+5VSupplyvoltage

Groundpinofmodule,connecttosystemground.

Transmits Serial Data. Everything received via Bluetooth will
begiven out by this pin as serial data.

ReceiveSerialData.Everyserialdatagiventothispinwillbe broadcasted
via Bluetooth

ThestatepinisconnectedtoonboardLED, itcanbeusedasa feedback to
check if Bluetooth is working properly.

IndicatesthestatusofModule
1. Blinkoncein2sec:ModulehasenteredCommandMode

2. RepeatedBlinking:WaitingforconnectioninDataMode
3. Blinktwiceinlsec:ConnectionsuccessfulinDataMode

Used to control the Key/Enable pin to toggle between Data
andcommand Mode
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1, Enable / Key
2.Vee (+5v)

FigurelO:isapictorialimageofaBluetoothmodule(HC-05).

WheretouseHC-05Bluetoothmodule

The HC-05is a popular module which can add two-way (full-duplex) wireless
functionality to your projects. You can use this module to communicate between two
microcontrollers like Arduino or communicate with any device with Bluetooth functionality
like a Phone or Laptop. There are manyandroid applications that are already available which
makes this process a lot easier. The module communicates with the help of USART at 9600
baud rate henceit is easyto interfacewith anymicrocontroller that supports USART. Wecan
alsoconfigurethedefaultvaluesofthemodulebyusingthecommandmode.Soifyoulooking for a
Wireless module that could transfer data from your computer or mobile phone to
microcontroller or vice versa then this module might be the right choice for you. However do
notexpectthismoduletotransfermultimedialikephotosorsongs;youmighthavetolookinto the

CSR8645 module for that.
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HowtoUsetheHC-05Bluetoothmodule

The HC-05has two operating modes, one is the Data mode in which it can send and
receive data from other Bluetooth devices and the other is the AT Command mode where the
defaultdevicesettingscanbechanged.Wecanoperatethedeviceineitherofthesetwomodes by
using the key pin as explained in the pin description.

ItisveryeasytopairtheHC-05modulewithmicrocontrollersbecauseitoperatesusing
theSerial Port Protocol (SPP). Simplypowerthe modulewith +5V and connect theRx pin of
the module to the Tx of MCU and Tx pin of module to Rx of MCU as shown in the figure
belowDuringpowerupthekeypincanbe groundedtoenterintoCommandmode,ifleft free it will
by default enter into the data mode. As soon as the module is powered you should be able to
discover the Bluetooth device as “HC-05" then connect with it using the default password
1234 and start communicating with it. The name password and other default parameters can

be changed by entering into the

TTITTTITT R

Vce S
HC-05 M G\D = -
e TXD =

RXD

=
ENRNEREER st

Figurell:isthewiringdiagramofHc-05
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Applications

1. Wirelesscommunicationbetweentwomicrocontrollers
2. CommunicatewithLaptop,Desktopsandmobilephones
3. DataLoggingapplication

4. Consumerapplications

5. WirelessRobots

6. HomeAutomation

3.3 TheCodelmplementationoftheHomeAutomation
[[HOMEAUTOMATIONSYSTEMUSINGARDUINOUNO
[IKWPOLY/2025/PROJECT
charval;//VVariabledeclaration
voidsetup(){//Initiatingvariablestopinout
pinMode(7,0UTPUT);

pinMode(12,0UTPUT);

pinMode(11,0UTPUT);

pinMode(10,O0UTPUT);

pinMode(9,0UTPUT);

Serial.begin(9600);

digitalWrite(7,HIG

H);

digitalWrite(12,HIG

H);

digitalWrite(11,HIG
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H),
digitalWrite(10,HIG
H);
digitalWrite(9,LOW
):} void loop() {
if(Serial.available())
{val =Serial.read();
Serial.printin(val); }
if(val=="3){
digitalWrite(12,LO
W); } else
if(val=="4"){
digitalWrite(12,HIG
H); } if(val=="0){
digitalWrite(11,LO
W);} else
if(val=="6"){
digitalWrite(11,HIG
H); } if(val=="7"){
digitalWrite(10,LO
W); } else
if(val=="8"){
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digitalWrite(10,HIG
H); } if(val=="9"{
digitalWrite(9,LOW)
; } else if(val=="5"){
digitalWrite(9,HIGH
); } if(val=="1"){
digitalWrite(7,LOW)
¥

else
digitalWrite(7,HIGH);
¥

delay(10

0);

¥

if(val=="2'}{
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3.4 CONSTRUCTION

Theprojectwasdividedintothreesectionsforconstruction:thePowerDistributionBoard(PDB), the

Controller Board and the Farm prototype construction.

Figurel2The InnerConstructionofaHome AutomationSystem

Theboardcontainsalltheattachedcomponentincludingthepowersupply,relay,microcontroller  to

act as the brain.
3.4.1 CASING
Thecasingwasconstructedusingapolyethelynmaterialwhichmakesthemodulelightinweight and

makes the work neater and more professional. The boards are carefully arranged into its casing.

Themarkingsweredonewithamarkerandrulertomakethecuttingstraightandneat.
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Figurel3TheHomeAutomationSystemCasing
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CHAPTERFOUR
4.0TESTING

Using various type of appliances like standing fan, mobile phone charger, laptops
charger it was gladding that there was not interference between the modules.
OncepowerisonbyconnectingthedevicetothemainstheLEDlightwillONandthe Bluetooth
modulestart to blink waitingto pairup with thephone and after the connection the
blinkingstatuschangeandreadytosendandreceivedata.Butbeforeconnectingtothephone,
downloadtheArduinoiotprojectapponPlaystoreandconfiguretheswitchesinrespecttothe  pinout
of your code then you can connect.
4.1 TestingtheRange
AsithasbeenknownthattherangeofaBluetoothmodulerangesfromup  to100meterswhich is also

about 330feet and the factors that affect it are:

1. Physicalobstaclelikewalls,furniture,andotherobjectscanreducetherange.
2. InterferencefromotherwirelessdevicescaninterferewiththeBluetoothsignals.
3. Device power which possibly might be low can cause lower or reduction in the

range.Onceconnectionissuccessful,theapplicationswitchescancontroltheappliances. The detail
of this device can be changed only by the programmer which is one of it advantage i.e it
cannot be easily hacked.
4.2 Results
The following are the results observed in executing the project. These results are for a perfectly
observedintwopossibleenvironment.Variationmayhappenduetochangeinenvironmentwhich must
naturally occur and the changes bringing in modification in the system for more suitable

automation.
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The environment where the three are a lot of barriers and obstacle and also a plain
environment where there is no obstacle was also used for the testing and result. And from the
figurebelowitwillbeseenthatthereisgoingtobeadifferenceinconnectioninbothcasethat is where

there are obstacle like walls and in a plain environment.

Bluetoothconnectionandspeedin(%)variation
PlainEnvironment

100

90

80

7

60

5

4

3

2

' -

Ometer 25meters 50meters 75meters 100meters 105meters

o

o O O o O o

® Connectionstatus ™ Speed
Figurel4Bluetoothconnection andspeed in(%)variationin aplain environment
The Figure above shows that in a plain environment the speed and the connection of the
Bluetooth to the mobile device is much stronger. From the graph the blue bar shows the data
for connection status while the brown bar show the speed status against percentage axis. It is
vividly clear that even at 0 to 75 percentage level the connection is still intact because of the
absenceofbarrierbutwhenitreach100percentagewhichisthelimitfortheBluetoothmodule there is

connection break and the speed will drastically reduce.
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Bluetoothconnectionandspeedin(%)variation
EnclosedEnvironment

100
90
80
70
60
5
4
3
2 I
1 |
[ [—

Ometer 25meters 50meters 75meters 100meters 105meters

o O o O o o

B Connectionstatus ™ Speed

Figurel5:Bluetoothconnectionandspeedin(%)variationinaenclosedenvironment

The Figure above shows that in a enclosed environment the speed and the connection
of the Bluetooth to the mobile device is weaker compared to plain or outdoor environment.
Fromthegraphthebluebarshowsthedataforconnectionstatuswhilethebrownbarshowthe
speedstatusagainstpercentageaxis.ItisvividlyclearthatevenatOto75percentagelevelthe
connectionisstillintactbutfadingoffasthemobiledevicemovefartherawayfromthemodule
because of the presence of barrier and when it reach 100 percentage which is the limit for the

Bluetooth module there is a heavy connection break and the speed is extremely slow.
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4.3 BillofEngineeringMeasurementandEstimation

S\N Quantity | Item UnitPrice SubtotalPrice
1 1 CASING 2500 2500
2 Svpowersupply 3000 3000
1 Arduino UNO 15000 15000
1 ACcable 1,500 1500
5 Relays 5000 5000
Channels
1 FerroBoard 1000 1000
1 Bluetoothmodule 8000 8000
2 2 waylgangswitch 1200 2400
2 Lampholder 500 1000
5 Male/FemalePinheader 200 1000
lots ConnectingWire 1000 1000
pack Lead 1500 1500
Led (optional)
lots Hotglue 1000 1000
2 13A Sockets 500 1000
Miscellaneous 15000
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Construction

10000

Total

#69,900
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CHAPTERFIVE
5.0 RECOMMENDATIONANDCONCLUSION

5.1 SuggestionsforFurtherResearch\

1. IntegrationwithVVoiceAssistants:ExplorehowArduino-basedBluetoothsystemscan be
integrated with voice assistants like Google Assistant, Alexa, or Siri to enhance usability and
accessibility.

2. Security Enhancements in Bluetooth Communication: Investigate encryption methods
andsecurepairingmechanismstoprotecthomeautomationsystemsfromunauthorizedaccess and
Bluetooth-based attacks.

3. PowerEfficiencyOptimization:Researchwaystoreducepowerconsumptionof
ArduinoandBluetoothmodulesinhomeautomation,especiallyforbattery-operatedor
energy-sensitive applications.

4. ScalabilityandMulti-DeviceManagement:StudytechniquestoscaleaBluetooth-

based system to support multiple devices efficientlywithout interference or performance
degradation.

5. Hybrid Communication Systems: Investigate combining Bluetooth with other
communicationtechnologies(likeWiFi,Zigbee,orLoRa)forextendedrange,reliability,and
redundancy in home automation networks.

6. Smart Energy Monitoring and Control: Explore how Bluetooth-enabled Arduino
systemscanbeusedforreal-timeenergymonitoring,automatedloadmanagement,andsmart

scheduling of appliances.
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7. MobileAppDevelopmentforEnhancedUserExperience:Conductresearchon
designing and optimizing custom mobile applications that interface with Arduino via
Bluetooth for intuitive and user-friendly control.

5.2 PROBLEMSENCOUNTERED

Numeroustimes,thesoftwarecodehadtoberedoneduetosmallmistakeslikemissing letters
or incorrect case. This is a result of case sensitivityin the C++ programming language
because the Arduino code is advancing of ¢ program.

Electronic components used in the project are vulnerable to damage from stress and
electrostaticdischarge. Thedamagedcomponentswereswappedoutfornewones. Theriskof
ordering unavailable component in the local area is one of the challenges encountered in the
progress of the project.

5.3 CONCLUSION
Thedevelopmentandimplementationofahomeautomationsystemusingthe Arduino
UNOandthe HC-05Bluetoothmodulehavedemonstratedthefeasibilityandeffectivenessof
creating a lowcost, user-friendly, and reliable solution for controlling household appliances
remotely.ByleveragingBluetoothtechnology,userscaneasilyoperatedevicessuchaslights, fans,
and other appliances through a smartphone application without the need for internet

connectivity.
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