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ABSTRACT  

The Remote-Controlled Home Appliance 

System via MQTT and ESP8266 is an IoT-

based smart automation solution designed to 

enable seamless, real-time, and remote 

operation of household electrical appliances 

from anywhere in the world using MQTT 

communication protocol. As the demand for 

smart homes grows, users expect efficient, 

reliable, and secure systems capable of 

reducing manual effort and optimizing energy 

consumption. This project focuses on 

achieving intelligent home automation using 

the ESP8266 Wi-Fi microcontroller, which 

connects appliances to the cloud and allows 

users to switch devices ON or OFF instantly 

through a mobile app, MQTT dashboard, or 

automated triggers. The MQTT protocol plays 

a crucial role by offering lightweight message 

communication, making it ideal for low-power 

IoT applications. The system subscribes to 

specific MQTT topics and listens for control 

commands such as fan ON, light OFF, or 

appliance toggle, ensuring fast response and 

minimal network overhead. MQTT brokers 

like Mosquitto or CloudMQTT handle real-

time message publishing and act as 

communication hubs between the user 

interface and the ESP8266 hardware. The 

ESP8266 receives the commands, processes 

them, and drives relays connected to 

appliances, allowing the physical switching of 

loads. This setup ensures that even basic non-

smart devices can be integrated into an IoT 

ecosystem. Additional functionalities include 

real-time status updates sent back to the user 

interface, two-way MQTT communication, 

device state memory, and support for 

automation rules like scheduling or sensor-

based activation. The system enhances 

convenience by enabling remote operation 

when users are at work, traveling, or managing 

elderly care. It also promotes energy efficiency 

since users can turn off forgotten appliances 

from anywhere. Security concerns are 

addressed through authentication mechanisms, 

encrypted MQTT communication, and unique 

device credentials to prevent unauthorized 

access. The solution is designed to be scalable, 

enabling control of multiple appliances 

simultaneously without interference. Overall, 

this project delivers an efficient, low-cost, and 

user-friendly smart home automation system 

that blends embedded electronics, wireless 

networking, and cloud-based MQTT 

communication to create a modern IoT-

enabled living environment. 

I. INTRODUCTION 

1.1. Overview 

The rapid advancement of Internet of Things 

(IoT) technology has transformed traditional 

living environments into intelligent, 

interconnected ecosystems known as smart 

homes. Modern households increasingly 

demand automation systems that enhance 

convenience, security, energy efficiency, and 

remote accessibility. Conventional electrical 

appliances such as lights, fans, air 

conditioners, and household devices are 

typically operated manually through physical 

switches. While functional, these systems lack 

flexibility, remote control capability, and 

intelligent energy management features. As 

digital transformation accelerates, there is a 

growing need for affordable and scalable smart 
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automation solutions that can integrate 

ordinary appliances into IoT networks. 

The Remote-Controlled Home Appliance 

System via MQTT and ESP8266 addresses 

this need by combining embedded systems, 

wireless communication, and cloud-based 

message protocols to enable remote and real-

time appliance control. This system leverages 

the ESP8266 Wi-Fi microcontroller, Arduino-

based development platform, MQTT protocol, 

relay modules, LCD display, and a regulated 

power supply to create a low-cost and efficient 

home automation framework. 

The MQTT (Message Queuing Telemetry 

Transport) protocol plays a central role in this 

project. MQTT is a lightweight publish-

subscribe messaging protocol designed for 

constrained devices and low-bandwidth 

networks. Unlike traditional HTTP 

communication, MQTT minimizes data 

overhead and ensures efficient real-time 

messaging, making it ideal for IoT-based 

home automation systems. In this architecture, 

an MQTT broker acts as the central 

communication hub, managing message 

distribution between the user interface (mobile 

app or web dashboard) and the ESP8266 

device installed in the home. 

The ESP8266 Wi-Fi module serves as the 

communication bridge between the physical 

appliances and the cloud-based MQTT server. 

It subscribes to specific topics and listens for 

commands such as “Light ON,” “Fan OFF,” or 

“Toggle Appliance.” Upon receiving a 

command, the ESP8266 processes the message 

and activates the corresponding relay, which 

physically switches the connected appliance. 

Additionally, the system publishes status 

updates back to the MQTT broker, enabling 

real-time feedback to the user. 

One of the most significant advantages of this 

system is its ability to convert ordinary, non-

smart appliances into smart devices without 

replacing existing infrastructure. By 

integrating relay modules controlled through 

Wi-Fi commands, traditional electrical devices 

become remotely accessible. This solution is 

particularly beneficial in regions where 

upgrading to expensive commercial smart 

home systems is not economically feasible. 

1.2. NEED FOR THE SYSTEM 

The development of a remote-controlled home 

appliance system arises from multiple 

technological and societal requirements. 

1.2.1 Growing Demand for Smart Homes 

Consumers increasingly expect homes to be 

automated and controllable through 

smartphones or cloud-based platforms. 

Traditional switch-based systems lack remote 

accessibility and automation capabilities. 

1.2.2 Energy Conservation Requirements 

Energy waste is a common issue in households 

due to forgotten appliances. A remote control 

system allows users to: 

 Turn off unused appliances 

 Monitor device status 

 Reduce electricity bills 

 Promote sustainable living 

1.2.3 Convenience and Accessibility 

Modern lifestyles involve busy schedules. 

Remote access allows users to: 

 Switch appliances before reaching 

home 

 Control devices while traveling 

 Assist elderly family members 

remotely 

1.2.4 Cost-Effective Automation 

Commercial smart home systems are 

expensive. A low-cost ESP8266-based 

solution makes automation affordable for 

wider populations. 

1.2.5 Lightweight IoT Communication 

HTTP-based systems consume more 

bandwidth and power. MQTT offers: 

 Low network overhead 

 Faster response time 

 Efficient communication for low-

power devices 
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1.3. PROBLEM STATEMENT 

Despite advancements in IoT, many 

households still rely on manual control 

systems for electrical appliances. Existing 

solutions face several limitations: 

1. Manual Operation Limitation – 

Appliances require physical presence 

for switching. 

2. Energy Waste – Users cannot 

remotely turn off forgotten devices. 

3. High Cost of Commercial Systems – 

Smart home systems are often 

expensive and proprietary. 

4. Heavy Communication Protocols – 

HTTP-based systems increase 

bandwidth usage and response delay. 

5. Security Risks – Unsecured IoT 

devices may be vulnerable to cyber-

attacks. 

There is a need for a secure, cost-effective, 

scalable, and real-time home automation 

system that leverages lightweight 

communication protocols and affordable 

hardware to enable remote control of 

household appliances from anywhere in the 

world. 

1.4. OBJECTIVES 

The primary objective of this project is to 

design and implement an MQTT-based remote 

home appliance control system using ESP8266 

and Arduino. 

1.4.1 General Objectives 

 To develop a Wi-Fi-based smart home 

automation system. 

 To implement MQTT publish-

subscribe communication. 

 To enable remote control of 

appliances via mobile app or 

dashboard. 

 To ensure secure and encrypted 

communication. 

1.4.2 Specific Objectives 

1. Interface ESP8266 Wi-Fi module with 

Arduino. 

2. Connect relay module to control 

household appliances. 

3. Configure MQTT broker for real-time 

messaging. 

4. Implement topic subscription and 

command processing. 

5. Display device status on LCD. 

6. Publish real-time feedback to MQTT 

broker. 

7. Implement authentication and security 

mechanisms. 

8. Enable multi-device scalability. 

9. Support automation scheduling. 

10. Ensure low power consumption and 

fast response time. 

1.4.3 Performance Objectives 

 Minimal latency in command 

execution. 

 Reliable Wi-Fi connectivity. 

 Stable MQTT communication. 

 Accurate device state synchronization. 

 Safe operation with electrical 

isolation. 

1.5. SCOPE OF THE PROJECT 

1.5.1 Technical Scope 

The system includes: 

 Arduino microcontroller 

 ESP8266 Wi-Fi module 

 Relay modules 

 LCD display 

 Regulated power supply 

 MQTT broker 

(Mosquitto/CloudMQTT) 

It supports two-way communication between 

user interface and hardware. 

1.5.2 Functional Scope 

The system performs: 

 Appliance ON/OFF control 

 Real-time status feedback 

 MQTT topic subscription 

 Publish confirmation messages 

 Multi-device management 

1.5.3 Application Scope 

Applicable in: 

 Residential homes 
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 Apartments 

 Offices 

 Hostels 

 Industrial monitoring units 

 Elderly care environments 

1.5.4 Limitations 

 Requires stable Wi-Fi connection. 

 Dependent on MQTT broker 

availability. 

 Electrical safety precautions required. 

 Basic version limited to ON/OFF 

control. 

II. LITERATURE SURVEY 

1. Literature Review on IoT-Based Home 

Automation (100 Lines) 

IoT-based home automation has evolved 

significantly over the past decade, with 

multiple research studies highlighting its role 

in enhancing comfort, energy efficiency, and 

security in modern households. Early home 

automation systems relied on wired 

communication and proprietary protocols, 

limiting flexibility and scalability. With the 

emergence of IoT technologies, researchers 

began exploring wireless platforms such as 

Wi-Fi, Bluetooth, Zigbee, and LoRa for 

remote appliance control. Numerous studies 

demonstrate that Wi-Fi-based automation 

systems are most suitable for home 

environments due to their widespread 

availability and high-speed connectivity. 

Research shows that by integrating IoT 

devices with online dashboards or mobile 

apps, users can remotely monitor and manage 

household loads, reducing electricity wastage 

and improving convenience. Studies also 

highlight the importance of real-time 

communication, which is achieved using 

protocols such as HTTP, WebSockets, and 

MQTT. Among these, MQTT has been 

identified as particularly efficient due to its 

publish–subscribe architecture and lightweight 

message format. Literature emphasizes the 

importance of combining microcontrollers like 

ESP8266, ESP32, or Arduino with cloud 

platforms such as AWS IoT, HiveMQ, or 

Mosquitto to create scalable home automation 

networks. Researchers also note that IoT 

automation enables smart scheduling, rule-

based controls, remote diagnostics, and energy 

analytics. Studies on modern home automation 

stress the need for secure communication 

methods, encryption algorithms, and 

authentication to protect user privacy. Overall, 

the literature strongly supports IoT-enabled 

remote control of appliances as a 

transformative solution in the smart home 

domain. 

2. Literature Review on MQTT Protocol in 

Embedded IoT Systems 

MQTT has become one of the most widely 

adopted communication protocols in 

embedded IoT systems due to its lightweight 

design, low power consumption, and publish–

subscribe messaging architecture. Research 

indicates that MQTT outperforms traditional 

polling-based HTTP systems in 

responsiveness, bandwidth usage, and 

reliability during unstable network conditions. 

Studies reveal that MQTT is particularly 

suitable for real-time applications such as 

home automation, industrial monitoring, smart 

agriculture, and healthcare IoT systems. The 

protocol includes three key components—

publisher, subscriber, and broker—which 

collectively ensure efficient message 

distribution. Academic reviews compare 

MQTT with CoAP and AMQP, concluding that 

MQTT offers superior simplicity and 

scalability for home-based IoT networks. 

Multiple research papers highlight the role of 

MQTT brokers such as Mosquitto, HiveMQ, 

and Adafruit IO, which handle message 

routing and device session management. 

Studies also discuss Quality of Service (QoS) 

levels that ensure guaranteed message delivery 

depending on application needs. MQTT's 

lightweight header structure reduces 

bandwidth usage, making it ideal for 

microcontrollers like ESP8266 which have 
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limited memory. Literature also highlights 

security challenges, stressing the need for TLS 

encryption, strong authentication mechanisms, 

and topic-level access control. MQTT has been 

successfully used in previous studies on 

appliance control, automation dashboards, and 

mobile-based monitoring systems, 

demonstrating its feasibility in low-cost 

embedded IoT applications. The strong 

foundation established by existing research 

confirms MQTT's suitability for implementing 

a remote-controlled home appliance system. 

3. Literature Review on ESP8266-Based 

Automation Systems 

ESP8266 has emerged as a popular 

microcontroller for IoT automation systems 

due to its integrated Wi-Fi module, low power 

consumption, compact size, and compatibility 

with open-source platforms. Research studies 

demonstrate that ESP8266 provides a cost-

effective alternative to traditional controllers 

while offering robust connectivity suitable for 

both indoor and outdoor environments. 

Literature highlights that ESP8266 supports 

multiple communication protocols and 

integrates easily with sensors, relays, and 

cloud services. Numerous projects have used 

ESP8266 in home automation, smart lighting, 

remote monitoring, and energy-management 

applications. Studies show that ESP8266 

performs well under continuous MQTT 

communication, with low latency and stable 

performance even in multidevice setups. 

Researchers also note memory limitations and 

suggest optimized coding practices to ensure 

reliability during prolonged operation. In 

academic experiments, ESP8266-based 

automation systems have successfully 

controlled fans, lights, pumps, and various 

home appliances with real-time feedback. 

Literature also reviews integration with Blynk, 

Home Assistant, and Node-RED dashboards 

for user-friendly control. ESP8266’s OTA 

(Over-the-Air) update capability and 

encryption compatibility further enhance 

usability and security. Existing studies confirm 

that ESP8266 is a highly efficient and proven 

choice for implementing wireless appliance 

control, validating its role in this project. 

The last decade has witnessed rapid growth in 

IoT-enabled home automation. Academic and 

industry research converges on lightweight, 

publish–subscribe messaging protocols and 

low-cost Wi-Fi microcontrollers as the 

backbone of accessible smart-home solutions. 

Among these technologies, MQTT (Message 

Queuing Telemetry Transport) and the 

ESP8266 family of Wi-Fi modules have 

become dominant in prototyping and 

deployment because their combined 

properties—low overhead messaging and 

inexpensive, readily available hardware—fit 

the constraints of battery- and resource-limited 

devices controlling simple actuators such as 

relays. This literature survey summarizes key 

findings from protocol design, embedded-

hardware implementations, system 

architecture, security, scalability, QoS and 

reliability, energy considerations, 

interoperability, and open challenges relevant 

to building robust MQTT+ESP8266 home 

automation systems. 

III. SYSTEM ANALYSIS 

EXISTING METHOD 

Existing home appliance control systems often 

rely on manual switching, remote-controlled 

IR devices, or basic mobile-controlled 

applications that use point-to-point 

communication such as Bluetooth. These 

systems suffer from limited range, poor 

scalability, and lack of real-time feedback. 

Traditional automation systems using wired 

connections increase installation cost and 

restrict flexibility. Bluetooth-based control 

methods work only within short distances and 

do not support multi-user access or cloud 

integration. Some HTTP-based control 

systems exist, but they require continuous 

device polling, which increases power 

consumption and reduces responsiveness. 
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Many existing systems do not provide two-

way communication, meaning users cannot 

verify whether the appliance is actually turned 

ON or OFF. Furthermore, these older systems 

lack security provisions, making them 

vulnerable to unauthorized control. Another 

limitation is the absence of automation rules 

such as schedules, timers, or sensor-driven 

actions. As a result, existing solutions do not 

fully support the needs of modern smart homes 

and fail to deliver the energy efficiency and 

convenience required by users. These 

limitations justify the need for a cloud-based, 

MQTT-enabled solution that ensures fast, 

reliable, and long-range control. 

The existing home appliance control systems 

mainly rely on traditional manual switches or 

basic remote-control devices such as infrared 

(IR) remotes. In most households, appliances 

like lights, fans, and other electrical devices 

require physical presence for operation. Some 

early automation systems use Bluetooth-based 

control, but these are limited to short-range 

communication and lack cloud connectivity. 

Additionally, many systems operate 

independently without centralized monitoring 

or feedback mechanisms. These conventional 

approaches lack scalability, remote 

accessibility, and intelligent automation 

features required in modern smart homes. 

Disadvantages: 

1. Requires physical presence to operate 

appliances. 

2. No remote access from outside the 

home. 

3. Limited scalability for controlling 

multiple devices. 

4. No real-time status monitoring or 

feedback. 

5. Higher energy wastage due to 

forgotten appliances left ON. 

PROPOSED METHOD  

The proposed Remote-Controlled Home 

Appliance System via MQTT and ESP8266 

introduces a fully automated and cloud-

integrated smart home solution that enables 

users to control household appliances from 

anywhere in the world with minimal latency. 

The ESP8266 microcontroller connects to Wi-

Fi and subscribes to MQTT topics published 

through a secure broker. When the user 

operates a switch on a mobile app or 

dashboard, an MQTT message is instantly 

received by the ESP8266, which triggers a 

relay to switch the corresponding appliance. 

Two-way communication ensures that the 

system also publishes the appliance’s updated 

status to the MQTT broker, allowing real-time 

feedback in the mobile interface. The system 

supports multiple appliances, scheduling, 

sensor-based automation, and rule-based 

triggers. Enhanced security is incorporated 

through encrypted MQTT communication, 

authentication keys, and device-specific 

credentials. The design emphasizes low power 

consumption, modular expansion, error 

logging, and user-friendly operation. The final 

implementation ensures convenience, 

scalability, and high reliability suitable for 

smart homes, offices, and remote appliance 

management scenarios. 

The proposed Remote-Controlled Home 

Appliance System via MQTT and ESP8266 is 

an IoT-based smart automation solution that 

enables real-time remote control of household 

appliances using Wi-Fi and MQTT protocol. 

The ESP8266 connects appliances to a cloud-

based MQTT broker, allowing users to send 

commands through a mobile app or dashboard 

from anywhere in the world. The system 

subscribes to specific MQTT topics, processes 

incoming commands, and activates relays to 

switch appliances ON or OFF. It also 

publishes real-time status updates, ensuring 

two-way communication. The lightweight 

MQTT protocol ensures low network 

overhead, fast response time, and reliable 

message delivery, making the system efficient 

and scalable. 

Advantages: 
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1. Remote control of appliances from 

anywhere via internet. 

2. Real-time two-way communication 

with status updates. 

3. Energy efficiency through remote 

switching and automation rules. 

4. Scalable architecture for multiple 

device control. 

5. Secure communication using 

authentication and encrypted MQTT 

connections. 

IV. HARDWARE 

4.1 ARDUINO UNO 

The Arduino Uno is a microcontroller board 

based on the ATmega328 (datasheet). It has 14 

digital input/output pins (of which 6 can be 

used as PWM outputs), 6 analog inputs, a 16 

MHz ceramic resonator, a USB connection, a 

power jack, an ICSP header, and a reset 

button. It contains everything needed to 

support the microcontroller; simply connect it 

to a computer with a USB cable or power it 

with a AC-to-DC adapter or battery to get 

started. 

 The Uno differs from all preceding 

boards in that it does not use the FTDI USB-

to-serial driver chip. Instead, it features the 

Atmega16U2 (Atmega8U2 up to version R2) 

programmed as a USB-to-serial converter. 

Uno board has a resistor pulling the 8U2 HWB 

line to ground, making it easier to put into 

DFU mode.Arduino board has the following 

new features:  

• 1.0 pinout: added SDA and SCL pins 

that are near to the AREF pin and two other 

new pins placed near to the RESET pin, the 

IOREF that allow the shields to adapt to the 

voltage provided from the board. In future, 

shields will be compatible both with the board 

that use the AVR, which operate with 5V and 

with the Arduino Due that operate with 3.3V. 

The second one is a not connected pin, that is 

reserved for future purposes. 

• Stronger RESET circuit. 

• Atmega 16U2 replace the 8U2. 

"Uno" means one in Italian and is named to 

mark the upcoming release of Arduino 1.0. 

The Uno and version 1.0 will be the reference 

versions of Arduino, moving forward. The 

Uno is the latest in a series of USB Arduino 

boards, and the reference model for the 

Arduino platform; for a comparison with 

previous versions, see the index of Arduino 

boards. 

 
Fig: ARDUINO UNO 

4.2. POWER SUPPLY 

 The power supplies are designed to 

convert high voltage AC mains electricity to a 

suitable low voltage supply for electronic 

circuits and other devices. A power supply can 

by broken down into a series of blocks, each of 

which performs a particular function. A d.c 

power supply which maintains the output 

voltage constant irrespective of a.c mains 

fluctuations or load variations is known as 

“Regulated D.C Power Supply”. 

 

 
Fig: Schematic Diagram of Power Supply 

http://www.jtagelectronics.com/?p=75
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4.2.1. TRANSFORMER: 

A transformer is an electrical device which is used 

to convert electrical power from one Electrical 

circuit to another without change in frequency. 

             When AC is applied to the primary 

winding of the power transformer it can either 

be stepped down or up depending on the value 

of DC needed. In our circuit the transformer of 

230v/12-0-12v is used to perform the step 

down operation where a 230V AC appears as 

12V AC across the secondary winding.  

4.2.2. RECTIFIER: 

 A circuit which is used to convert a.c 

to dc is known as RECTIFIER. The process of 

conversion a.c to d.c is called “rectification. 

Bridge Rectifier: 

 
Fig: 4.6 Bridge Rectifier 

Alphanumeric LCD 

Liquid Crystal Display also called as LCD is 

very helpful in providing user interface as well 

as for debugging purpose. The most commonly 

used Character based LCDs are based on 

Hitachi's HD44780 controller or other which 

are compatible with HD44580. The most 

commonly used LCDs found in the market 

today are 1 Line, 2 Line or 4 Line LCDs which 

have only 1 controller and support at most of 

80 characters, whereas LCDs supporting more 

than 80 characters make use of 2 HD44780 

controllers. 

Pin Description 

 
4.3 BUZZER 

What is a Buzzer: Working & Its 

Applications 

There are many ways to communicate between 

the user and a product. One of the best ways is 

audio communication using a buzzer IC. So 

during the design process, understanding some 

technologies with configurations is very 

helpful. So, this article discusses an overview 

of an audio signaling device like a beeper or a 

buzzer and its working with applications. 

 

What is a Buzzer? 

An audio signaling device like a beeper or 

buzzer may be electromechanical 

or piezoelectric or mechanical type. The main 

function of this is to convert the signal from 

audio to sound. Generally, it is powered 

through DC voltage and used in timers, alarm 

devices, printers, alarms, computers, etc. 

Based on the various designs, it can generate 

different sounds like alarm, music, bell & 

siren. 

 
WIFI: 

Description 

The ZG2100M & ZG2101M modules 

are low-power 802.11b implementations. All 

RF components, the baseband and the entirety 

of the 802.11 MAC reside on-module, creating 

a simple and cost-effective means to add Wi-

Fi connectivity for embedded devices. The 

module(s) implement a high-level API, 

simplifying design implementation and 

allowing the ZG2100M or ZG2101M to be 

integrated with 8- and 16-bit host 

microcontrollers. 

https://www.elprocus.com/8-candidate-quiz-buzzer-circuit-using-8051-microcontroller/
https://www.elprocus.com/8-candidate-quiz-buzzer-circuit-using-8051-microcontroller/
https://www.elprocus.com/what-is-a-piezoelectric-material-working/
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Features 

• Single-chip 802.11b including MAC, 

baseband, RF and power amplifier 

• Data Rate: 1 & 2 Mbps 

• 802.11b/g/n compatible 

• Low power operation 

• API for embedded markets, no OS required 

• PCB or external antenna options 

• Hardware support for AES and RC4 based 

ciphers (WEP, WPA, WPA2 security) 

• SPI slave interface with interrupt 

• Single 3.3V supply, operates from 2.7V to 

3.6V (see section 5) 

• 21mm x 31mm 36-pin Dual Flat pack PCB 

SM Package 

• Wi-Fi Certified, RoHS and CE compliant 

• FCC Certified (USA, FCC ID: W7O-

ZG2100-ZG2101) 

• IC Certified (IC: 8248A-G21ZEROG) 

• Fully compliant with EU & meets the 

R&TTE Directive for Radio Spectrum 

 
ZG2100M/ZG2101M 

Module: Functional Block Diagram 

RELAYS 

What is a relay? 

We know that most of the high end 

industrial application devices have relays for 

their effective working. Relays are simple 

switches which are operated both electrically 

and mechanically. Relays consist of a n 

electromagnet and also a set of contacts. The 

switching mechanism is carried out with the 

help of the electromagnet. There are also other 

operating principles for its working. But they 

differ according to their applications. Most of 

the devices have the application of relays. 

Why is a relay used? 

The main operation of a relay comes in places 

where only a low-power signal can be used to 

control a circuit. It is also used in places where 

only one signal can be used to control a lot of 

circuits. The application of relays started 

during the invention of telephones. They 

played an important role in switching calls in 

telephone exchanges. They were also used in 

long distance telegraphy. They were used to 

switch the signal coming from one source to 

another destination. 

Relay Design 

There are only four main parts in a relay. They 

are 

 Electromagnet 

 Movable Armature 

 Switch point contacts 

 Spring 

Relay Basics 

The basics for all the relays are the 

same. Take a look at a 4 – pin relay shown 

below. There are two colours shown. The 

green colour represents the control circuit and 

the red colour represents the load circuit. A 

small control coil is connected onto the control 

circuit. A switch is connected to the load. This 

switch is controlled by the coil in the control 

circuit. Now let us take the different steps that 

occour in a relay. 
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relay operation 

 Energized Relay (ON) 

As shown in the circuit, the current flowing 

through the coils represented by pins 1 and 3 

causes a magnetic field to be aroused. This 

magnetic field causes the closing of the pins 2 

and 4. Thus the switch plays an important role 

in the relay working. As it is a part of the load 

circuit, it is used to control an electrical circuit 

that is connected to it. Thus, when the relay in 

energized the current flow will be through the 

pins 2 and 4. 

 

Energized Relay (ON) 

 De – Energized Relay (OFF) 

As soon as the current flow stops through pins 

1 and 3, the switch opens and thus the open 

circuit prevents the current flow through pins 2 

and 4. Thus the relay becomes de-energized 

and thus in off position. 

 
De-Energized Relay (OFF) 

In simple, when a voltage is applied to pin 1, 

the electromagnet activates, causing a 

magnetic field to be developed, which goes on 

to close the pins 2 and 4 causing a closed 

circuit. When there is no voltage on pin 1, 

there will be no electromagnetic force and thus 

no magnetic field. Thus the switches remain 

open. 

V. METHODOLOGY & 

IMPLEMENTATIONS 

BLOCK DIAGRAM 
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WORKING 

1. Power Supply 

The power supply provides regulated DC 

voltage (5V/12V as required) to the controller, 

Wi-Fi module, LCD, and relay modules. 

 Ensures stable operation of all 

electronic components. 

 Protects the circuit from voltage 

fluctuations. 

 Supplies sufficient current for relay 

switching. 

Without stable power, Wi-Fi communication 

and relay control may become unstable. 

2. User → Mobile App / Webpage 

The process begins with the user. 

 The user logs into a mobile app or web 

dashboard. 

 The interface is connected to an 

MQTT broker. 

 The user sends commands such as: 

o “Light ON” 

o “Fan OFF” 

o “Toggle Appliance” 

These commands are published to specific 

MQTT topics. 

3. Wi-Fi Module (ESP8266) 

The Wi-Fi module connects the hardware 

system to the internet. 

Working: 

1. Connects to local Wi-Fi network. 

2. Establishes connection with MQTT 

broker. 

3. Subscribes to predefined topics (e.g., 

home/light1). 

4. Listens continuously for incoming 

messages. 

5. When a command is received, it 

forwards it to the controller. 

The ESP8266 acts as the communication 

bridge between the cloud and the hardware. 

4. Controller (Arduino / ESP8266) 

The controller is the central processing unit of 

the system. 

Functions: 

 Receives command data from Wi-Fi 

module. 

 Processes MQTT message content. 

 Determines which relay to activate. 

 Sends signals to relay module. 

 Updates appliance status. 

 Displays system information on LCD. 

 Publishes feedback message back to 

MQTT broker. 

The controller ensures correct mapping 

between command and appliance. 

5. Relay + Load 

The relay module acts as an electronic switch. 

Working: 

 When controller sends HIGH signal 

→ Relay activates → Appliance turns 

ON. 

 When controller sends LOW signal → 

Relay deactivates → Appliance turns 

OFF. 

Each relay channel controls one load (e.g., 

light, fan, AC). 

This allows ordinary electrical appliances to 

function as smart devices. 

6. LCD Display 

The LCD provides local system feedback. 

It displays: 

 Wi-Fi connection status 

 MQTT connection status 

 Appliance ON/OFF status 

 System ready message 

This helps in monitoring system operation 

locally. 

7. Two-Way Communication (Feedback) 

After executing a command: 
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 The controller publishes the updated 

appliance status back to the MQTT 

broker. 

 The mobile app/webpage receives 

confirmation. 

 User sees real-time status update. 

This ensures synchronization between 

hardware and user interface. 

FLOW CHART 

 
VI. CONCLUSION & FUTURE 

SCOPE 

CONCLUSION 

The Remote-Controlled Home Appliance 

System via MQTT and ESP8266 successfully 

demonstrates an efficient, scalable, and cost-

effective IoT-based home automation solution. 

By integrating the ESP8266 Wi-Fi module 

with MQTT publish–subscribe 

communication, the system enables real-time 

remote control of household appliances from 

anywhere in the world. The lightweight nature 

of the MQTT protocol ensures minimal 

bandwidth consumption, fast message 

delivery, and reliable two-way communication 

between the user interface and the hardware 

system. 

The controller processes incoming MQTT 

commands and activates relay modules to 

switch appliances ON or OFF, converting 

conventional electrical devices into smart 

appliances without replacing existing 

infrastructure. The inclusion of an LCD 

display provides local monitoring, while the 

feedback publishing mechanism ensures 

synchronization between the device state and 

the mobile app or web dashboard. This two-

way communication enhances reliability and 

user confidence. 

The system also addresses key concerns such 

as energy efficiency and convenience. Users 

can remotely turn off forgotten appliances, 

reduce unnecessary power consumption, and 

automate operations through scheduling or 

triggers. Security mechanisms such as 

authentication and encrypted communication 

protect the system from unauthorized access. 

The scalable architecture allows expansion to 

multiple appliances without affecting 

performance. 

Overall, the project achieves its objective of 

developing a secure, low-cost, and user-

friendly smart home automation system. It 

bridges the gap between traditional manual 

control systems and advanced IoT-enabled 

smart homes, making intelligent living 

environments accessible to a wider population. 

FUTURE SCOPE 

Although the current system performs 

effectively, several enhancements can further 

improve its functionality, intelligence, and 

scalability. 

1. Voice Assistant Integration 

The system can be integrated with voice 

platforms such as Alexa, Google Assistant, or 

Siri to enable voice-controlled home 

automation. 

2. AI-Based Energy Optimization 

Artificial Intelligence algorithms can analyze 

appliance usage patterns and automatically 

optimize energy consumption. 

3. Sensor-Based Automation 

Integration with sensors such as: 

 Motion sensors 

 Temperature sensors 
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 Light sensors can enable automated 

switching based on environmental 

conditions. 

4. Power Consumption Monitoring 

Adding current sensors (e.g., ACS712) can 

allow real-time energy monitoring and 

electricity usage analytics. 

5. Mobile Application Development 

A dedicated mobile app can provide: 

 User authentication 

 Real-time device monitoring 

 Scheduling features 

 Push notifications 
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