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ABSTRACT

With the use of home automation technology, a home's different appliances and systems can be
managed remotely. This can apply to lighting, heating, cooling, security, and other factors. A
microcontroller like the Arduino UNO, ESP32 and an HMI (Human-Machine Interface) display are

required to build this home automation system.

Users can interact with the system using sliders, buttons, and other graphical elements on an HMI
display. Usually, a touch screen or a display panel are used to present this interface. Users can
effortlessly operate numerous home automation systems from a single interface by pairing an HMI

display with an Arduino UNO and ESP32.

We need relays, sensors, or other components to connect the devices we need to control to the
microcontroller to build a home automation system. Digital or analogue inputs and outputs on the

microcontroller can be utilized for linking these devices.



CHAPTER 1
INTRODUCTION

We will use an HMI display and a few sensors to fully automate our home to make our daily-use

appliances fully automatic.

1.1. Problem Statement

Conventional home automation systems can be expensive and difficult to install, and they may
require significant programming skills to set up and operate. This could be the problem statement
for home automation using an HMI display. Additionally, many modern home automation systems
depend on unique hardware and software, which might reduce the system's flexibility and

connectivity with other gadgets and systems.

A cheap and adaptable home automation system might be made using an HMI display and an
ESP32 or Arduino Uno microcontroller as a solution to these problems. The system might give
customers access to a user-friendly graphical interface on the HMI display that they could use to

manage various household appliances, lighting, and fans.

These issues may be solved by using an HMI display as a centralized control system since it
provides a user-friendly interface that allows users to manage many devices and systems from a
single place. An HMI display gives the system a visual representation, making it simpler to use and
traverse. The display could offer real-time information, such as a room's temperature or humidity

levels, giving customers insightful knowledge of how well their house is doing.

But developing a home automation system with an HMI display necessitates fusing numerous
hardware and software elements and guaranteeing that they work together. To monitor
environmental factors like temperature and humidity, for instance, the system could need sensors. It
might also need actuators to operate appliances like lights, fans, and air conditioners. The system

must also work with other smart home appliances, like cameras, smart locks, and home assistants.



The security of the system must also be ensured since unauthorized access to the control system
might have negative consequences. The safety and security of the house and its residents may be
endangered if a hacked system allows an attacker to manipulate numerous pieces of equipment,
such as turning off the lights or opening doors. To guarantee that the system satisfies the demands
of the users while safeguarding their privacy and security, the construction of a reliable and secure

home automation system using an HMI display involves careful planning, design, and execution.

In summary, the requirement for a user-friendly, interoperable, and secure centralized control
system is at the centre of the issue statement for home automation utilizing an HMI display. To
create such a system, it is necessary to integrate multiple hardware and software components,
ensure their interoperability, and protect the system from unauthorized access. A home automation
system with an HMI display can give consumers a smooth and practical method to operate and

monitor the different systems and equipment in their homes by addressing these problems.

1.2 Existing work

1. "Smart Home Automation System with Touchscreen HMI" was published in the Journal of
Electrical and Electronics Engineering Research in 2017.

In the research, a smart home automation system has been shown that uses a touchscreen HMI as a
central control system for handling and maintaining tabs on a variety of home systems and

appliances.

To give consumers a centralized control system for controlling and monitoring numerous home
systems and appliances, the study's authors set out to design an affordable and user-friendly smart
home automation system. The system was created to be simple to set up and use, needing no

specific user expertise or understanding.

A touchscreen HMI, an Arduino Uno microcontroller, and several sensors and actuators were used
to build the system. A 3.5-inch TFT touchscreen display with a 320x480 pixel resolution was used
as the system's HMI. A serial interface was used to link the display to the Arduino Uno

microcontroller.



Lighting, fans, air conditioners, and security systems are just a few of the systems and appliances
that the system was made to monitor and function. The device may also keep a watch on
environmental factors like humidity and temperature. To connect with these systems and devices,

the study's authors used several sensors and actuators.

The Arduino Integrated Development Environment (IDE) and the Nextion Editor software were
used to program the system. The HMI display was created and developed using the Nextion Editor
programme. The Arduino IDE was used to communicate with several sensors and actuators and

programme the Arduino Uno microcontroller.

The HMI display was created to be intuitive to use and simple to operate. The display was
constructed from several displays that showed data about the many systems and appliances that
were being managed and monitored. To illustrate the appliances and systems being tracked and

managed, the study's authors employed a variety of visuals and symbols.

In addition, the system was built to be dependable and responsive. To guarantee that the system
could recover from any faults or failures that could have happened, the study's authors built a
variety of error handling and recovery procedures. To make sure the system was safe and secure

against unauthorized access, the study's authors also added several security mechanisms.

The system underwent real-world testing and evaluation. The system was put in a house, and the
study's authors kept an eye on it there for a while. The study's authors discovered that the system
was dependable and simple to use. The study's authors also discovered that the technology gave
consumers a centralized control system so they could manage and observe various home appliances

from a single location.

The study's authors concluded that a smart home automation system could be controlled centrally
by an HMI display in a way that was both affordable and simple to use. To enhance the system's
usefulness and performance, the study's authors advised doing more research. The study's authors
also proposed that the system may be expanded to incorporate other devices and systems, such as

smart home entertainment systems and kitchen equipment.



2. “Design and Implementation of Smart Home System Based on HMI Display and Internet of

Things” was published in the Journal of Information Science and Control Engineering in 2020.

The research introduces a smart home system that makes use of an HMI display and the Internet of
Things (IoT) to give consumers a centralized control system for controlling and watching different

home systems and appliances.

The study's authors wanted to create a smart home system that would provide consumers with an
easy-to-use interface for managing and watching various systems and appliances in the home. Users
may quickly add additional devices and appliances to the system as it was made to be flexible and

adaptable.

An ESP32 microcontroller, an HMI display, and several sensors and actuators were used to build
the system. A 7-inch TFT touchscreen display with a resolution of 1024x600 pixels was utilized as
the system's HMI display. A serial interface was used to link the display to the ESP32

microcontroller.

Lighting, heating, air conditioning, and security systems were all included in the system's
architecture for monitoring and control. The system may also keep an eye on environmental factors
like humidity, temperature, and air quality. To connect with these devices and systems, the study's

authors employed a variety of sensors and actuators.

The Arduino Integrated Development Environment (IDE) and the Nextion Editor software were
used to program the system. The HMI display was created and developed using the Nextion Editor
programme. The ESP32 microcontroller was programmed using the Arduino IDE, which was also

used to connect with several sensors and actuators.

The HMI display was created to be intuitive to use and simple to operate. The display was made up
of several shows that showed data about the many systems and appliances that were being managed
and monitored. To illustrate the appliances and systems being tracked and managed, the study's

authors used a wide range of symbols and images.



In addition, the system was built to be dependable and responsive. To guarantee that the system
could recover from any faults or failures that could have happened, the study's authors built a
variety of error handling and recovery processes. To make sure the system was safe and secure

against unauthorized access, the study's authors also added several security mechanisms.

The system underwent real-world testing and evaluation. The system was put in a house, and the
study's authors kept an eye on it there for a while. The study's authors found that the system was
dependable and simple to use. The study's authors also discovered that the technology gave
consumers a centralized control system that they could manage and observe various home

appliances and systems from a single location.

The study's authors concluded that an HMI display and IoT technology were a practical and
affordable choice for a central control system for a smart home automation system. The study's
authors advised conducting more research to improve the value and performance of the system. The
study's authors also proposed that the system be broadened to include more devices and systems,

such as home entertainment systems and intelligent appliances for the kitchen.

The research paper "Design and Implementation of Smart Home System Based on HMI Display
and Internet of Things" concludes by showcasing a smart home system that makes use of an HMI
display and IoT technology to give users a centralized control system for managing and monitoring
various home systems and appliances. The system was created to be simple to use, flexible, and
extendable. An ESP32 microcontroller, an HMI display, and several sensors and actuators were
used to build the system. The HMI display was created to be simple to use and simple to operate.
The system was examined in a practical situation and found to be dependable and user-friendly.
Additional research might be carried out, based on the study's authors, to enhance the system's

performance



1.3 Objectives

Centralized control system requirement: The HMI should offer a centralized control system for

controlling and keeping control of various home systems and appliances.

1. Enhance user experience: The HMI should be created with ease of use and simplicity
in mind, offering an improved user interface for managing and keeping tabs on

household appliances.

2. Boost user convenience and efficiency: The HMI should make controlling and
monitoring household appliances easier and more convenient for users, saving them

time and effort.

3. Enable remote control and monitoring: To give consumers more flexibility and
convenience, the HMI should allow users to remotely control and monitor their

home systems and appliances.

4. Improve the efficiency of energy use: The HMI should be created in a way that
improves energy efficiency, allowing users to better control their energy use and cut

expenses.

5. Real-time feedback: The HMI has to give information on all of the appliances and

systems that are being managed and monitored in real time.

6. Boost home security: The HMI should be able to keep track of and manage home
security systems, providing consumers more control over the security of their
residences. To increase scalability and flexibility, the HMI should be developed in a
way that renders it simple for users to include additional appliances and devices into

the structure as required.

7. Improve the efficiency of energy use: The HMI should be created in a way that
improves energy efficiency, allowing users to better control their energy use and cut

eXpensces.



8. Real-time feedback: The HMI has to give information on all of the appliances and

systems that are being managed and monitored in real time.

9. Boost home security: The HMI should be able to keep track of and manage home
security systems, providing consumers more control over the security of their

residences.

10. To increase scalability and flexibility, the HMI should be developed in a way that
renders it simple for users to include additional appliances and devices into the

structure as required.

11. Enhance fault tolerance and reliability: The HMI has to be dependable and

fault-tolerant so that it can recover from mistakes and failures.

12. Enable data analysis: The HMI should be able to collect and analyse information
about systems and appliances used in homes, providing users knowledge they can

use to better manage their living spaces and energy use.

Overall, the goal of using home automation to build an HMI is to give consumers a
centralized control system that enhances their homes' ease of use, effectiveness, and security
while simultaneously lowering energy expenditures and raising energy efficiency. The HMI
must allow remote control and monitoring of home systems and appliances and should be

scalable, reliable, and user-friendly.



1.4 Motivation

We can easily operate your AC-related home appliances with this project, including lights, fans, air
conditioners, televisions, etc. We can also keep an eye on the sensor data in real time. With the aid

of a relay module, we are employing household appliances for demonstration purposes.

Here, home appliances are controlled by a widget with four control buttons. We have linked
household appliances to the relay for this demonstration. With this project, we can operate and

connect 220V-250VAC appliances with ease.

We don't require an active internet connection to control and monitor your home appliances because
this project is locally area based. The ESP32 web server is being configured right now. We simply
enter the password for the "ESP32 Smart Home" Wi-Fi access point to connect to it. Then, enter the
ESP board's IP address in the browser to view real-time sensor data and remotely operate the
appliances from a smartphone. Therefore, to monitor and operate your home appliances, we do not

require an active wifi connection.



CHAPTER 2

OVERVIEW OF THE MODEL

2.1 Hardware Requirements

S. No Quantity Component Name
1 1 ESP32
2 1 HMI Display (Nextion
Display)
3 1 Breadboard
4 - Wires
5 1 Relay Module
6 1 Arduino UNO

2.2 Software Requirements

All we need is a computer system that can run the Arduino IDE software to implement the device's

software. Usually, a Windows operating system with an i3 processor and 2GB of RAM suffices.

2.2.1 Nextion Editor

A software programme called Nextion Editor is used for developing graphical user interfaces (GUI)
for Nextion HMI (Human Machine Interface) displays. Users using the editor can design unique

user interfaces that can be used to interact with and operate a wide range of electrical components

and devices.

The drag-and-drop interface of the Nextion Editor makes it simple to integrate buttons, sliders,
images, text, and other graphical elements in a project. The editor also comes with several

pre-designed components that are simple to adapt to the project's requirements. Users can also

contribute unique scripts to the project that change how the user interface works.




The Nextion Editor's WYSIWYG (What You See Is What You Get) design interface is one of its
primary features. It means that users can create a project while seeing the way it will appear on the
Nextion HMI display. Users can test their projects in the editor's simulator mode without uploading

them to the display.

UART, I2C, and SPI are just a few of the communication protocols that the Nextion Editor
supports. It makes connecting the Nextion HMI display to a variety of electronic systems and
devices simple. Debugging tools are also included in the editor to help with user interface problems

or communication problems between the display and the computer.
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Fig 2.1 Nextion Editor
2.2.2 Arduino IDE
An open-source software programme called the Arduino Integrated Development Environment
(IDE) is used to create and upload code to Arduino microcontroller boards. Even for those with
little or no programming knowledge, the IDE offers a user-friendly interface that makes it simple to

develop and upload code to the Arduino board.

Programming languages that are supported by the Arduino IDE include C, C++, and "Arduino
Sketch," a simplified version of C++. Beginners should use the Sketch language because it is simple
to learn and has a simple syntax. Users can create code quicker with the text editor included in the
IDE because of features including syntax highlighting, auto-completion, and error highlighting.
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A serial monitor is an additional function of the IDE which allows users to interact with the
Arduino board and see the results of their code in real time. This helps with code debugging and

troubleshooting as well as maintaining track of the way sensors and other linked devices behave.

The functionality of the Arduino IDE can be extended by users by downloading other libraries and
tools. A library manager built within the IDE makes it simple to locate, download, and install
libraries for various sensors and components. In addition, users can develop their libraries and share
them throughout the Arduino community.

Windows, Linux, and macOS are only a few of the many operating systems that the Arduino IDE is
compatible with. The popular Arduino Uno, Nano, and Mega boards, as well as additional boards
built on the Arduino platform, are all compatible with it. It is also compatible with a broad variety

of Arduino boards.

In conclusion, the Arduino IDE is a potent and simple to use programme used to create and upload
code to Arduino microcontroller devices. It supports a large number of programming languages, has
tools and libraries that allow for extensive customization, and has features like syntax and error
highlighting. The IDE is a great option for professionals, students, and supporters alike because it is

compatible with a wide range of operating systems and Arduino boards.

2.3 Understanding The Components

2.3.1 HMI Display (Nextion Display)

A graphical user interface called a human-machine interface (HMI) display enables humans to
interact with machines and systems. HMIs tend to appear in consumer electronics like smartphones
and tablets, medical equipment, and industrial control systems. A touch screen or display panel,
along with different buttons, sliders, and other graphic components, constitute an HMI display in
the majority of applications.

The capacity to connect with a system using a simple and user-friendly interface is one of the main
advantages of using an HMI display. An HMI display makes it simple for users to monitor system
status, alter settings, and control numerous functions with a few taps or clicks. This can be

particularly useful in complex systems with many variables to control or in emergencies.

11



HMIs are frequently used in industrial control systems to regulate production processes as well as
maintain track of equipment performance. For example, a manufacturing facility's temperature and
humidity levels might be managed, and a conveyor belt system's status could be checked using an
HMI display. HMIs in medical equipment can be used to monitor patient vitals in real-time while
also controlling the functioning of equipment like ventilators and heart monitors. It can also be used

in Home automation with the help of relay modules and microcontrollers and Home security too.

The resolution of the display is another essential aspect to take into consideration. According to the
amount of information required to be provided, the display's resolution should be chosen. For
systems with complex graphics or text, a higher-resolution display might be required, while a

lower-resolution display might be suitable for simple systems.

When choosing an HMI display, considerations aside from size and resolution to consider include
the type of touchscreen technology used, the display's brightness and contrast, and the display's
endurance. Particularly in portable devices like smartphones and tablets, the power consumption of
the display must be taken into account.

Overall, connecting with a machine or a system can be simplified by an HMI display. An HMI
display may enhance productivity, increase efficiency, and improve user experience by offering a
simple and user-friendly interface. An HMI display may help to simplify complicated procedures
and improve how humans engage with technology, whether it is used in industrial control systems,

medical equipment, or consumer gadgets.

Figure 2.2:Nextion HMI Display
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2.3.2 ESP32

Powerful microcontrollers like the ESP32 have frequently been employed in a variety of Internet of
Things (IoT) applications. It is based on the ESP32-WROOM-32 module, which has a dual-core
32-bit processor, Wi-Fi, Bluetooth, and a variety of auxiliary hardware. Here are the ESP32

microcontroller's features and specifications of the ESP32 microcontroller.

ESP32 Specifications:

Wireless connectivity WiFi: 150.0 Mbps data rate
Bluetooth: BLE (Bluetooth Low Energy) and Bluetooth Classic
Processor: Tensilica Xtensa Dual-Core 32-bit LX6 microprocessor,
running at 160 or 240 MHz
Memory:
ROM: 448 KB (for booting and core functions)
SRAM: 520 KB (for data and instructions)
Low Power: ensures you can still use ADC conversions, for example, during deep
sleep.
Peripheral Input/Output:
peripheral interface with DMA that includes a capacitive touch
ADCs (Analog-to-Digital Converter)
DAC:s (Digital-to-AnalogeConverter)
I to C (Inter-IntegratedeCircuit)
UART (Universal AsynchronoustReceiver/Transmitter)
SPI (Serial Peripheral Interface)
RMII (Reduced Media-Independent Interface)
PWM (Pulse-Width Modulation)

ESP32 VS ESP8266 Board:

The ESP32 is faster than the ESP8266;
The ESP32 comes with more GPIOs with multiple functions;

13



»  The ESP32 supports analogue measurements on 18 channels (analogue-enabled pins)
versus just gone 10-bit ADC pins on the ESP8266;
The ESP32 supports Bluetooth while the ESP8266 doesn’t;

» The ESP32 is dual-core (most models), and the ESP8266 is single-core;

* The ESP32 is a bit more expensive than the ESP8266.

A variety of software development tools, such as the Arduino IDE and the ESP-IDF (ESP32
[oT Development Framework), support the ESP32. Several tools and libraries are included
in the strong development environment known as the ESP-IDF that may be used to develop
programmes for the ESP32. A wide range of third-party development tools, like
MicroPython and TensorFlow Lite, are also compatible with the ESP32, enabling developers

to choose those that best match their needs.
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Figure 2.3: ESP32 Board

2.3.4 Arduino UNO
The open-source Arduino Platform is used in the creation of electric projects. With Arduino, we can

develop programming code and upload it to an Arduino Circuit board (commonly referred to as a

microcontroller) using software known as the IDE (Integrated Development Environment).
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With good cause, the Arduino Platform has grown in popularity among those learning the basics of
electronics. The Arduino allows uploading fresh code to the board using a USB cable as opposed to
a specialized hardware item (referred to as a programmer) like the majority of earlier programmable
circuit boards. A compressed version of C++ is also used by the Arduino IDE to make

programming easier to understand.

Finally, Arduino provides a common form factor that divides the microcontroller features into a

more practical packaging.

Arduino Board Overview
Powers(USB / Barrel Jack)

There must be a means for each Arduino board to connect to a power source. A USB device from
your computer or a wall power source (like this one) that terminates in a barrel jack can be used to
power an Arduino UNO. The USB connection is marked (1) in the figure below, and the barrel

connection is shown (1). (2).

In addition, we can download code to the Arduino board using the USB connection. The Setup and

Programming Arduino guide has more details on programming with Arduino.

NOTE: Only use power supplies with a peak power of 20 volts to prevent overloading your
Arduino. It's recommended to use a voltage of between 6 and 12 volts for the bulk of Arduino

devices.

Pins(5V, 3.3V, GND, Analog, Digital, PWM, AREF)

Build circuits using the ping on your Arduino, most likely in combination with a breadboard as well
as some wire. They frequently have "headers" made of black plastic that allow for direct wire entry

into the board.

15



The Arduino includes several different pin categories, one of which is noted just on board and has a
specific function. Short for "Ground," GND (3) Any of the Arduino's GND pins can be utilized to

ground the circuit. There are numerous GND pins.

5V (4) & 3.3V (5): The 5V pin delivers 5 volts of electricity, while the 3.3V pin delivers 3.3 volts,

as one might expect. The vast majority of the simple Arduino parts happily run on 5 or 3.3 volts.

Analog (6): The UNO's "Analog In" pins(A0O through A5) are the pins that bear this designation. An
analogue sensor signal, perhaps one from a temperature probe, can be read by these pins and

converted into a legible digital value.

Analogue (7): The analogue pins are in front of the digital pins (0 through 13 on the UNO). Both
digital output and interaction with the virtual, such as assessing if a key has been depressed, are

possible with these pins.

PWM (8) There are many tildes () adjacent to some of the digital pins in PWM (8), as you may
have observed (3, 5, 6, 9, 10, and 11 on the UNO). In Addition to serving as ordinary input pins,
those pins can be used for a technique called pulse-width modulation (PWM). These ports can

simulate analogue signals.
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Power LED Indicator

On the circuit board, there is a little LED next to the word "ON" and beneath and to the right of the
word "UNQ" (11). Every time we plug the Arduino into a power source, this LED ought to turn on.

TX RX LEDs

Transmit is shortened to TX, and Receive is shortened to RX. In electronics, these markings are
frequently used to identify the pins used for serial transmission. TX and RX in our case appear on
the Arduino UNO twice: first by digital pins 0 and 1, and again adjacent to the TX and RX indicator
LEDs (12). When Arduino is receiving or transferring data (such as when we're putting a new

programme onto the board), these LEDs will provide us with some great visual cues.

Main IC

An IC, or integrated circuit, is a black object with all the metal legs (13). It can be considered as the
Arduino's brain. The primary integrated circuit (IC) in the Arduino varies slightly depending on the
type of board used, however, it is often from the ATMEL company's ATmega range of ICs. This can
be crucial since, before loading a new programme from the Arduino software, we might need to
know the IC type (along with your board type). The top side of the IC often has this information
written on it. Reading the datasheets is frequently a good idea if we want to learn more about the

distinctions between various ICs.

Voltage Regulator,

We should not tamper with both the voltage regulator on the Arduino (14). But it might be useful to
be aware of its presence and function. In terms of regulating the voltage provided to the Arduino
board, the volt regulator precisely accomplishes what it is designed to do. Think of it as a
gatekeeper; it will stop extra electricity from entering the system and potentially damaging the
circuit. Since Arduino plainly has limitations, avoid connecting it to anything that requires a voltage

of more than 20 volts.
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Figure 2.4 Arduino UNO

1. good for assessments of 20—-80% relative humidity with 5% accuracy

2. 2°C accuracy for temperature readings

2.3.6 Relay module
Relay modules, often known as power relay modules, are common electronic parts. Any project
involving home automation must include them. If we wish to utilize a low-voltage microcontroller,

like an Arduino, to control motors or lighting circuits, a relay module is necessary.

Relay modules are straightforward construction elements. Mostly, they serve as switches. Two
internal metal contacts make up the standard relay module. Usually, these encounters don't run into
each other or interact. However, relays come with an inbuilt switch that connects these contacts to

complete an electrical current that permits current passage.

Relay modules don't function the same way as conventional light switches. For example, to turn on
a lamp, we need to press a button that joins the two metal layers inside the lamp. In comparison, a

relay switch uses electrical pulses to turn on and off its internal switch.

An electromagnetic coil is driven by a voltage or current applied to just one side of the circuit,
which squeezes the metal layers together. Because of this, current can flow through the relay's other

side.
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An Arduino Board or Raspberry Pi can be used to send a digital signal to the relay, as well as the
relay can then provide power to any necessary applications. As we expect, there are different kinds

of relay modules.

How Do Relay Modules Work?

First, we must establish the difference between a relay as well as a relay module. A relay module is
made up of a group of one or even more relays. Although Purchasing individual relays in addition
to the module is a possibility, we suggest purchasing them in the form of modules. This is true

because it offers a few advantages.

On the input side of a conventional single-channel relay module, there are three jumper pin

connectors that we can use to gain access to the relay's input. We find that the output connectors are
wires that can be attached to hardware. Any single digital signal demand we may have is now easier
to connect. Additionally, an LED is located at the bottom of both the majority of modules. The relay

operates in two modes: on when activated and off when deactivated.

The relay's electromagnetic coil is crossed by a diode that is present. Actually, it is what is known
as a bidirectional converter diode. As soon as we activate the coil and it approaches deactivation,
the relay needs to release that count somewhere. The flyback diode prevents the input voltage from

going back to the output pin.

Relay Module Applications

We can use relay module in the following applications:

1. Home Automation: One of the most common applications ofHome Automation: One of the
most common applications of a relay module is in home automation systems. The relay
module can be used to control lights, fans, air conditioners, and other appliances in a home.
For example, a relay module can be used to turn off the lights in a room when the room is

not in use.
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Industrial Automation: Relay modules are also commonly used in industrial automation
systems. They can be used to control machines and equipment in a factory or production
line. For example, a relay module can be used to control the motors in a conveyor belt
system.

Automotive Applications: Relay modules are also used in automotive applications. They can
be used to control various systems in a vehicle, such as the headlights, windshield wipers,
and air conditioning. For example, a relay module can be used to turn on the headlights
when the vehicle is started.

Security Systems: Relay modules are also used in security systems, such as access control
systems and alarm systems. They can be used to control door locks and sensors that detect
movement or intrusion. For example, a relay module can be used to activate an alarm when
a motion the sensor detects movement.

Energy Management Systems: Relay modules can be used in energy management systems to
control the flow of electricity in a building or facility. For example, a relay module can be

used to turn off lights and appliances in a building when they are not in use, to save energy.

Figure 2.5 Relay Module
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CHAPTER 3

WORKING
3.1 BLOCK-DIAGRAM
fghRe]I-ay_-_ Fan
HMI Display |= hé%ﬁfgggg Relay Module =Rezlay_' AC
Rela
L’ 3 d Light
JReley [y
S

Ardiuno UNO

3.2 Working

To automate it, we're utilizing a Nextion HMI display with an Arduino UNO and Node MCU ESP
32 coupled to a Relay Module with 4 relays connecting to home appliances. Node mcu esp 32 will
be connected to Nextion HMI display as shown in the block diagram above. which will provide

touch-panel control of the home automation.

We are utilizing a power relay module, which is an electrical switch driven by an electromagnet.
The electromagnet is turned on by a separate, low-power signal from a microcontroller. When
energized, the electromagnet pulls to either open or close an electrical circuit. It is an essential part

of securing home appliances.

A 2.5 Nextion HMI Touch Display is present. There are four control button widgets for our home
appliances below the sensor value widgets. Toggle switches can be clicked to turn relays "ON" and
"OFF." Four different AC appliances can be connected to the relay module here.
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The Nextion display is a popular touch screen display that can be easily interfaced with an Arduino

{1 Nextion Edtor(CAUsers\amberDownload:s\HMI Relays\dRelays QR M)

File Tools Seting Help About

(5 open | INew [Psave (£ compie @ Debug T Uplosd | [licopy 3 cut i paste -

TR L A

fookbox  |pispiay

A Text e

Bl serolling text

123 Number

T Xfoat

© sution

=5 Progress bar

Hpicturs

#<crop

" Hotspot
TouchCap

Gauge -

I —
+—cErl |

Picture Fonts | Gmov Video| Audio|
ncodingiso-8850-1 | Model:N;

0

- Relay 1
" Relay 2

= Relay 3
*  Relay 4

Relays

"™ Reset All

& Lock & Unlock | X Delete ) Undo(® (™ Redol0) ; & Device 1D 100% &0

Y[

0

4K024_011 inch:2.4(24

[Tl Potiles. TouohPress. TouchRelea. Paoe ExtEv. v

[Click the attribute to display
corresponding notes.

il

i ] -

Coordinate X160 Y-191

microcontroller

1.

Fig 3.1 Nextion Editor(With GUI)

Connecting an Arduino with an ESP32

Using UART:

One of the simplest ways to connect an Arduino with an ESP32 is by using UART. Both the
Arduino and the ESP32 have built-in UART interfaces, which can be used to send and receive serial
data. To connect the two, we can use jumper wires to connect the Arduino's TX pin to the ESP32's
RX pin, and the Arduino's RX pin to the ESP32's TX pin. We will also need to connect the two

boards' grounds together. Once we have made the physical connections, we can use the Serial

to TTL serial converter to make this connection.

us to create the user interface for display..

First, we connect the Nextion display to the Arduino using a serial connection. Using a USB

Next, download the Nextion Editor software from the Nextion website. This software allows

Once we have designed our user interface, We use the Nextion Instruction Set to
communicate with the display from Arduino code. The instruction set allows us to set the
text of text boxes, change the background color of the display, and perform other actions.

We use the Serial library in Arduino to send commands over the serial connection.

library in Arduino and the Serial object in ESP32 to send and receive data.
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As this project is situated in the local region, we don't need an active internet connection to manage
and watch over our household appliances. Here, we are configuring the ESP32 web server's softAP
mode. Therefore, to connect to the "ESP32 Smart Home" Wi-Fi access point, we just need to enter
the password. By inputting the IP address of the ESP board in your browser, you can view real-time
sensor data and control your appliances from a distance. This can be done with a tablet, smartphone,
or PC. Therefore, we do not need an active wifi connection in order to monitor and control your

home appliances

Building a home automation system

1. Connect the Nextion display and the relay module to the Arduino. We will need to connect
the display to the Arduino's serial port using jumper wires and connect the relay module to
the Arduino's digital pins using additional jumper wires.

2. Write the code for the Arduino to read input from the Nextion display and control the relay
module. We use the Nextion Instruction Set to define the layout of the user interface on the

display and use the digitalWrite function in Arduino to turn the relay on and off.

Reu_ﬁ

Relay 3

Relay 4 Q
Reset Al

Fig 3.3 Working Model
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CHAPTER 4
CONCLUSION

In conclusion, HMI displays have revolutionized the way we interact with home automation
systems. By providing a user-friendly interface that can be customized to suit individual needs,
HMI displays have made it possible for homeowners to easily control and monitor various home

appliances and systems, increasing efficiency, convenience, and energy efficiency.

One of the main advantages of using an HMI display for home automation is the ability to provide
centralized control. With a single interface, users can control and monitor all the connected devices
in their homes, making it easier to manage and automate routine tasks. Moreover, the ability to
customize the interface allows users to create a control system that fits their specific needs,

improving the overall user experience.

Another advantage of using HMI displays for home automation is the ability to enable remote
control and monitoring. This feature allows users to control and monitor their homes from
anywhere, providing greater flexibility and convenience. Moreover, the ability to collect and
analyze data on home appliances and systems enables users to make informed decisions that can

help them reduce energy consumption and costs.

Despite the many benefits of using HMI displays for home automation, there are also some
challenges that need to be addressed. One of the main challenges is ensuring compatibility with
different devices and systems. As the number of devices and systems that can be connected to home
automation systems increases, it is important to ensure that HMI displays can effectively

communicate with all of them.

Another challenge is ensuring security and privacy. As home automation systems become more
connected and data-driven, there is an increased risk of cyber-attacks and data breaches. It is
therefore important to ensure that HMI displays and the underlying systems are secure and

protected against potential threats.
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Despite these challenges, the potential benefits of using HMI displays for home automation are
significant. By providing a user-friendly and customizable interface that can be remotely controlled
and monitored, HMI displays have made it possible for homeowners to easily manage their homes
and automate routine tasks. Moreover, the ability to collect and analyze data on home appliances
and systems enables users to make informed decisions that can help them reduce energy

consumption and costs.

In conclusion, the use of HMI displays for home automation has transformed the way we interact
with our homes, providing a more efficient, convenient, and customizable experience. While there
are still challenges that need to be addressed, the potential benefits of using HMI displays for home
automation are too significant to ignore, and are likely to continue driving innovation in this field

for years to come.
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APPENDIX

In this era where everyone is leaning towards smart electronics. Mobile phones have been smart,
computers have been smarter and we get to know about the new inventions and improvements in

electronic devices and gadgets every day in our life.

3.3 Arduino code

HMI_4Relays | Arduino IDE 2.1.0
File Edit Skeich Tools Help

Select Board

HMI_4Relays.ino

1 # include "Nextion.h”

NexButton
NexButton
NexButton
NexButton
NexButton

]

VN R
LI

=]
-

statusbe =
statusbl
statusb2
statusb3 =
string qr code;
string ri;
String r2;
String r3;
String ra;

MexTouch *nex listen list[] = {
&be,
&b1,
&bh2,
&b3,
&ba,
NULL

I3

bePushcallb
if (statusbe
digitalwrite(




HMI_4Relays | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

HMI_4Relays.ino

digitalWrite(8, LOW);
statusbe = true;

Set background color

digitalWrite(8, HIGH);
statusbe = false;

Set_background color

“Rela
al.print("qre
al.print(""");

al.print(""");
rial.write(exff);
l.wri

Serial.print{"te.txt=");
Serial.print(""");
al.print(qr_code);
al.print(""");
ial.write{@xff);
write(exff):




HMI_4Relays | Arduino IDE 2.1.0
File Edit Sketch Tools Help

elect Board

HMI_4Relays.ino

biPushCallback( ptr) {

if (statusbl false) {
digitalWrite(9, LOW);
statusbl = tr

bi.set bac

digitalwrite(9, HIGH);
statusbl = false;

bi.Set background color |

won

r2 = "a";

(" ");
*ial.print{qr_code);
ial.print(*"");




HMI_4Relays | Arduine IDE 2.1.0
File Edit Sketch Tools Help

Select Board

HMI_4Relays.ino

nt(qr_code);
int(""");
write{@xff);
ite(exff);
arite(exff);

b2PushCallk

if (statusb2
digitalwr
statusb2 = true;
-

digitalWri
statusb2 =

b2.Set_ba

wom

r2="a;




HMI_4Relays | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

HMI_4Relays.ino

1al.print(""');
ial.print(qr code);
ial.print(*"");
: te(exff);
write(exff);

primt("te.txt=");
int(*");
int(qr_code);
al.print(*"");
te(exff);
ite(exff);

shcallback( ptr)
if (statusb3 false) {
digitalWrite(11, LOW);
statusb3 = true;

digitalWrite(11, HIGH);
statusb3 = false;

set_background colo




HMI_4Relays | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

HMI_4Relays.ino

ial.print('"");
al.print(qr_code);
al.print('"");

: alwri

al.print(*"");
ial.print{(qr_code);
ial.print(*"");




HMI_4Relays | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

HMI_4Relays.ino

<Init();

e(8, OUTPUT);
de(9, OUTPUT);

(10, OUTPUT);
e(11, OUTPUT);

Push(bepushcallback,
achpush(b1pPushcallback,
Push(b2Pushcallback,
Push(b3Pushcallback,

ite(10, HIGH);
Irite(11, HIGH);
008) ;

+rl+r2+r3+r4;
qre. txt=");
al.print('"");
‘ial.print(qr_code);
al.print('"");
i ite(exff);
Jwritefextf):




HMI_4Relays | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

HMI_4Relays.ino
ri
r2
r3
rd H

code = "Relays: " + rl + r2 + r3 + r4;
rial.print("g xt=");
rial.print{""");

rial.print{qr code);

rial.print(""");

rial.write(exff);

rial.write(exff);

int("te.txt=");

erial.print(""");
rial.print{qr code);
rial.print(""");
rial.write(exff);
rial.write(exff);

print(Mdim=5");
te(oxff);
ite(oxff);

(nex_listen list);




3.4 ESP32 Code

sketch_feb28a | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

sketch_feb28a.ino
#include <WiFi.h>
#incl S
byte rxPin
byte txPin

* ssid = "ESP32 Smart Home";
* password B

IPAddress _ip 68, 4, 1);
IPAddress | y(192, 168, 4, 1);
IPAddress s 5, 255, 255, @);
WebServer s r(80);
light = 23
lightstatus = HIGH;
fan = 22;
fanstatus = HIGH;
tv = 21;
tvstatus = HIGH;
ac = 19;
acstatus = HIGH;

Mode(1ight, OUTPUT);
e(fan, OUTPUT);
e(tv, OUTPUT);

(ac, OUTPUT);

)5
on("/", handle_OnConnect);
~.on("/lighton"”, handle lighton);

/A Offline



sketch_feb28a | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

sketch_feb28a.ino

.on("/lightoff", handle lightoff);

on("/fanon", handle fanon);

on("/fanofft", handle fanoff);

.on("/tvon”, handle tvon);
on("/tvoft", handle tvoff);
n("/acon”, handle acon);
n("/acofft", handle acoff);
onllotFound(handle NotFound);

in();

al.println("HTTP server started");

if (lightstatus)

I

L

digitalwrite(light, HIGH);

cg

1
I
e
I
L

digitalWrite(light, LOW);
}
if (fanstatus)
{

digitalwWrite(fan, HIGH);

digitalwrite(fan, LOW);
}
if (tvstatus)
{

digitalwWrite(tv, HIGH);

digitalwrite(tv, LOW);

A Offline




sketch_feb28a | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

skeich_feb28a.ino
1
i
if (acstatus)
{
digitalwrite(ac, HIGH);

digitalWrite(ac, LOW);

nConnect() {
lightstatus = HIGH;
fanstatus = HIGH;
tvstatus = HIGH;
= HIGH;
intln("Light Status: OFF | Fan Status: OFF | Tv Status: OFF | AC Status: OFF");
nd(2e8, "t SendHTML(lightstatus, fanstatus, tvstatus, acstatus));

handle_lighton() {
lightstatus = HIGH;
ial.println("Light OFF");
end(200, "text/html", SendHTML(true, fanstatus, tvstatus, acstatus));

handle_lightoff()
lightstatus = LOW;
al.println(”Light Status: ON™);
end(200, "text/html”, SendHTML(false, fanstatus, tvstatus, acstatus));

handle_fanon() {
fanstatus = HIGH;
rial.println({"Fan Status: OFF");
end(20@, "text/html”, SendHTML(lightstatus, true, tvstatus, acstatus));

handle fanoff() {
A Offline



sketch_feb28a | Arduino IDE 2.1.0 - u] X
File Edit Sketch Tools Help

Select Board

skeich_feb28a ino

fanstatus
Serial.println(*Fan Status: ON");
r.send(200, "text/html", SendHTML(lightstatus, false, tvstatus, acstatus));
ha 04
tvstatus = HIGH;
n("Tv Status: OFF");
nd(200, “text/html", SendHTML(lightstatus, fanstatus, true, acstatus));

tin("Tv Status: ON");
tml", SendHTHL(lightstatus, fanstatus, false, acstatus));

")
g

5
endHTHL(lightstatus, fanstatus, tvstatus, false));

ain", "Not found");

lightstat, fanstat, tvstat, acstat) {
IDOCTYPE html> <html>\n";
width, initial-scale=1.8, user-scalabl

a; display: inline-block; margin: @px auto; text-align: cent
#444444;margin: 20 20px;} h2 {colo A4;margin
kground-color: border: nor ite;padding: 13px 30 i one; font-size: 25px;margin: @px auto

Aoffine Ln12,Col22 X No board selected 1



sketch_feb28a | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

sketch feb28a.ino

ptr +=
ptr += "
ptr +=
ptr

ptr

ptr

ptr

ptr

ptr

ptr

if (lightstat)

I
L
ptr += "¢pdLight Status: OFF¢/px<a class=\"button button-off\" href=\"/lightoff\">0FF¢/a>\n";

ptr += "¢l [p><a class=\"button button-on\" href=\"/lighton\">0N¢/a>\n";

1
I
if (fanstat)
I
1§
ptr += "¢p>Fan Status: OFF¢/p><a class=\"button button-off\" href=\"/fanoff\">0FF¢/ax\n";

"button button-off\" href=

ptr 4= "¢p>TV Status: ON¢/py<a class=\"button button-on\" href

A0ffline




sketch_feb28a | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

skefch_feb28a ino

if (acstat)

OFF</p»<a clas

 Arduino()

available())

0x25:
(Buffer[8] = 1)

digitalWrite(light, LOW);

digitalWrite(light, HIGH);

A Offfine




sketch_feb28a | Arduino IDE 2.1.0
File Edit Sketch Tools Help

Select Board

skefch_feb28a.ino

if (Buffer[8] == 1)
{
digitalwrite(fan, LOW);

digitalwWrite(fan, HIGH);

if (Buffer[8] == 1)
{
digitalwrite(tv, LOW);

if
I
L

A Offline
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