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Chapter 1 Introduction

In the modern age of digitalization and smart living, the demand for
home automation and intelligent control systems is increasing
rapidly. One of the most impactful technologies contributing to this
transformation is the Internet of Things (loT). loT refers to the
network of physical objects embedded with electronics, software,
and connectivity, which enables these objects to collect and
exchange data. It allows devices to be connected to the internet and
controlled remotely with ease, opening up countless possibilities for
innovation in our daily lives.

This project — loT-Based Smart Cooler— aims to transform a basic

air cooler into a smart device that can be operated remotely using a
smartphone, computer, or any internet-connected device. The
unigueness of this project lies in the fact that it is designed without
the use of any sensors, making it simpler, more cost-effective, and
ideal for beginners and educational purposes. Instead of relying on
temperature, humidity, or water level sensors to automate the
cooler, the system depends on manual remote control via loT
technology.

Traditionally, air coolers are manually operated using switches or
regulators. Users must physically interact with the appliance to turn
it on or off, control the fan speed, or operate the water pump. This
manual process may become inconvenient, especially during the
night or when the user is away from home. By introducing loT
functionality, this project eliminates the need for physical presence
near the appliance. Users can remotely control the cooler, making it
a convenient and efficient alternative to conventional systems.




The core component of this smart cooler system is a Wi-Fi-enabled
microcontroller, such as the ESP32, which connects the cooler to the
internet. Through this microcontroller, users can send commands
from their smartphone or computer, and the system responds
accordingly by turning on/off the fan, changing its speed, or
switching the water pump. The control interface may be a web-
based dashboard, Blynk app, or similar loT platform, allowing the
user to operate the cooler from anywhere in the world, as long as
they have an internet connection.

By avoiding the use of sensors, this project achieves simplicity
without compromising core functionality. While sensor-based
systems may provide automation, they often involve more complex
hardware setup, calibration, and coding logic. This project offers a
minimal yet practical solution for those who want to start with loT-
based appliance control. Moreover, it provides a foundation that can

later be upgraded with sensor integration for automatic control

based on temperature or humidity if desired.




Chapter 2 Objectives

The development of an loT-based smart cooler aims to enhance the
functionality, convenience, andefficiency of traditional cooling
systems by integrating modern Internet of Things (loT) technologies.
The following objectives outline the core goals and benefits of this
smart solution: The development of an loT-based smart cooler aims
to enhance the functionality, convenience, and

1. Remote Monitoring and Control

One of the primary objectives is to allow users to operate and
monitor the cooler from any location through a mobile app or web
interface. This adds flexibility and eliminates the need for physical
interaction with the device. Users can switch the cooler on/off,
adjust settings, and monitor real-time performance data even when
away from home.

2. Real-Time Data Collection

The smart cooler is designed to gather real-time operational data
such as internal temperature, humidity levels, usage duration, and
environmental conditions. This data helps in improving decision-
making for both users and developers, allowing adjustments to be
made based on actual performance trends.

3. Energy Efficiency Optimization

A key goal of the smart cooler is to minimize power consumption by
operating only when necessary. Through intelligent algorithms and
time scheduling, the cooler can optimize its functioning to reduce
energy waste. This not only leads to cost savings for the user but also
contributes to environmental conservation.




4. Automated Functionalit

The smart cooler should function with minimal user input. This
includes auto-start and auto-stop features based on temperature
thresholds, scheduled cooling during specific hours, and adjusting fan
speed or cooling intensity based on ambient conditions. Automation
enhances user comfort and ensures efficient operation without
manual intervention.

5. User Behavior Analysis
By tracking user preferences and interaction history, the cooler can

learn behavior patterns and suggest optimized settings or create
automated schedules. This personalized approach improves user
experience and system efficiency, ensuring that the cooler adapts to
individual needs.

6. Fault Detection and Alerts
The smart cooler aims to detect operational faults such as power

failures, abnormal temperature fluctuations, or system errors. When
such issues arise, the system should notify the user through alerts or
messages. Early detection helps in reducing downtime, avoiding
damage, and minimizing repair costs.

7. Integration with Smart Home Systems

Another important objective is seamless integration with existing
smart home devices and systems. The smart cooler should be able to
communicate with smart assistants (like Alexa or Google Assistant)
and other loT-enabled appliances. This facilitates a centralized
control environment and improves the overall smart home
experience.

8. Enhanced Cooling Performance

Traditional coolers often operate at fixed levels, leading to
inconsistent cooling. The smart cooler is designed to maintain
optimal temperature by dynamically adjusting its operations




according to environmental data and user settings. This leads to
better comfort and consistent performance.

9. Cloud-Based Data Storage and Analytics

Storing operational and usage data on the cloud enables access from
multiple devices and allows for long-term analysis. This data can be
used for performance monitoring, predictive maintenance, and
future upgrades. Cloud connectivity also enables firmware updates
and feature enhancements without requiring manual effort.

10. Eco-Friendly and Sustainable Operation

Finally, the smart cooler aims to promote sustainable living by
reducing energy waste, optimizing resource use, and extending the
appliance's lifespan. Intelligent cooling reduces unnecessary power
draw and supports a greener, smarter lifestyle.




Chapter 3 Literature Review

Introduction:-

The Internet of Things (loT) is rapidly transforming the landscape of
home and industrial automation by integrating smart technologies
into everyday appliances. Among these, the development of loT-
based smart coolers has gained considerable attention. These
coolers are designed to enhance user comfort and operational
efficiency by enabling remote control, automation, and intelligent
decision-making. This literature review explores existing research
works and advancements in the domain of smart cooling systems
that utilize loT, focusing on the methodologies, technologies, and
performance outcomes that form the foundation of current smart
cooler innovations.

Review of Related Literature

1. Smart Home Cooling Integration

Several studies have investigated the role of lIoT in home appliances,
particularly focusing on energy-efficient cooling. According to
Sharma et al. (2020), integrating 1oT in cooling devices allows for
real-time monitoring and control, which significantly reduces power
consumption. Their research emphasizes the integration of cloud
computing and mobile applications, enabling users to schedule
cooling cycles and receive performance alerts remotely.
In a similar vein, Gupta and Mehta (2019) explored smart coolers in
the context of smart homes. Their work demonstrated that using Wi-
Fi-based control modules improved the flexibility and user
interaction with the appliance. Moreover, the integration of mobile-




based applications offered enhanced user experience and
accessibility.

2. Intelligent Automation and Control System

Bansal et al. (2021) proposed an automation framework for smart
cooling systems that relies on loT-based decision-making
mechanisms. Their system used data analytics to determine optimal
operating conditions, thereby minimizing energy waste and
improving cooling efficiency. The study emphasized the role of Al and
machine learning in creating adaptive cooling systems, capable of
learning user preferences over time.
Further, research by Roy and Singh (2020) focused on rule-based
automation in smart coolers, where predefined conditions activated
or deactivated cooling features. Their model, though simpler than Al-
based systems, proved effective in small-scale applications such as
residential or office spaces.

3. Remote Monitoring and Data Logging

loT-enabled smart coolers are often equipped with real-time data
logging capabilities. A study by Kumar et al. (2018) highlighted the
benefits of remote data logging in maintaining performance logs and
temperature variations, which is essential for preventive
maintenance and efficient energy usage. Cloud-based platforms
enabled users to track their cooler’s performance history and receive
fault alerts before system failures occurred.
Another research study by Patel and Joshi (2019) demonstrated that
data visualization through loT dashboards allowed better control
over environmental parameters. These features not only made the
system more transparent but also enhanced user decision-making.




4. Energy Efficiency and Sustainability

One of the key goals of implementing loT in cooling systems is
reducing power consumption. According to Mishra and Das (2021),
loT-based smart coolers achieved up to 25% energy savings
compared to traditional coolers. Their analysis revealed that through
efficient scheduling and operational adjustments, users could
optimize cooling cycles based on room occupancy and external
temperature conditions.




Chapter 4 System Component

The integration of 10T (Internet of Things) technology in conventional
appliances has brought revolutionary changes in their efficiency,
usability, and intelligence. The loT-based Smart Cooler is a modern
approach to enhance the traditional cooling systems with the ability
to monitor, control, and optimize its functioning remotely or
automatically. To design such a smart system, various hardware and
software components are carefully selected and integrated to ensure
seamless connectivity, automation, and user convenience.

This chapter elaborates on the key system components used in the
development of an loT-based smart cooler. Each component has a
distinct role in achieving the goals of temperature control, remote
operation, energy efficiency, and data management. The
components can broadly be classified into hardware components,
software components, and communication modules.

Hardware Parts: -

(i)12 Volt DC Motor

A 12-volt DC motor is an electric motor that operates using direct
current (DC) electricity at a voltage of 12 volts. It converts electrical
energy into mechanical energy, causing rotation. These motors are
commonly used in various applications due to their relatively low
voltage requirement and widespread availability.

Here's a more detailed explanation:

1. Conversion of Energy: The core function of a 12V DC motor is
to transform electrical energy (from a 12V DC power source) into
mechanical energy (rotational motion). This conversion is based on
the principles of electromagnetism, where a magnetic field interacts
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with an electric current to produce a force that rotates the motor's
shaft.

2. Components: A typical 12V DC motor consists of a stator (the
stationary part) and a rotor (the rotating part).

Stator:

The stator contains electromagnets or permanent magnets that
create a magnetic field.

Rotor (Armature):

The rotor is an electromagnet with windings of wire. When current
flows through these windings, it creates a magnetic field that
interacts with the stator's field, causing the rotor to rotate.

3. Working Principle:

Magnetic Field Interaction:

The interaction between the magnetic field of the stator and the
magnetic field of the rotor (armature) produces a force that rotates
the rotor.

Commutation:

In brushed DC motors, a commutator and brushes are used to
periodically reverse the direction of current flow in the rotor
windings, ensuring continuous rotation.

Speed Control:

The speed of a DC motor can be controlled by adjusting the voltage
or current supplied to it.




(ii) Fan Blade

A fan blade is a crucial component of a fan or blower, designed to
move air or gas through a system or space. It is typically a flat,
curved, or angled piece of material, such as metal, plastic, or
composite materials, attached to a rotating hub or axle.

Key Characteristics:

1. Shape and Design: Fan blades come in various shapes and designs,
including axial, centrifugal, and mixed-flow designs. The shape and
angle of the blade determine the airflow pattern, velocity, and
pressure.

2. Material: Fan blades can be made from a range of materials,
including metals (e.g., aluminum, steel), plastics (e.g., ABS, PVC), and
composite materials (e.g., carbon fiber, fiberglass).

3. Size and Pitch: The size and pitch of the fan blade affect its
performance, with larger blades typically moving more air and
smaller blades providing higher speeds.

4. Attachment: Fan blades are attached to a hub or axle, which is
connected to a motor or other power source.




(iii) Water Pump

A water pump in a cooler is a small but essential electrical device
designed to move water from the storage tank located at the base of
the cooler to the upper section, where the cooling pads (also known
as grass or honeycomb pads) are installed. When the cooler is
switched on, the water pump activates and starts drawing water
upward through a connected pipe or hose. This water is then evenly
spread over the cooling pads, keeping them wet.

The main function of the water pump is to ensure that the cooling
pads stay constantly moist. As the fan or blower pulls warm air from
outside through these wet pads, the water evaporates and cools the
air before it enters the room. This process is known as evaporative
cooling, and it depends entirely on the regular circulation of water,
which is made possible by the pump.

Most water pumps used in coolers are submersible (placed in water)
and run on low voltage (like 12v or 18v dc).




(iv) Level Pipe

A level pipe is a type of pipe that is laid or installed in a perfectly
horizontal position, meaning it stays at the same height from start to
end. It does not slope upward or downward. This type of pipe is used
when it is important to maintain a constant level of liquid inside the
pipe or to avoid gravity-driven flow.

Level pipes are commonly used in water tanks, irrigation systems,
and plumbing where controlled water level is needed. Since there is
no slope, water or fluid in the pipe does not flow automatically but
needs pressure or pumping to move.

(v) Power Adapter

A 12-volt power adapter is an electrical device used to convert high-
voltage AC (alternating current) power from a wall outlet (typically
110V or 220V) into 12 volts of DC (direct current) power. It is
commonly used to power or charge electronic devices that require
12V DC input.

A 12V power adapter acts as a power supply unit that ensures safe
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and stable electrical power for low-voltage devices. It typically
includes a transformer, rectifier, filter, and regulator to ensure the
output is clean and consistent. These adapters come in different
current ratings (like 1A, 2A, 5A) depending on the device’s power
needs.

Example devices:

* Wi-Fi routers

* Security cameras (CCTV)

* LED strips

* External hard drives

* Some mini fans or coolers.

(vi) ESP32 Node MCU

ESP32 is a small, low-cost, and powerful microcontroller chip made
by Espressif Systems. It works like the brain of many electronic
devices and is widely used in smart projects such as home
automation, smart agriculture, loT (Internet of Things), robotics, and
more.

The ESP32 has built-in Wi-Fi and Bluetooth capabilities, which means
it can connect to the internet or other devices wirelessly. This makes
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it perfect for projects where wireless communication is needed.
Features of ESP32:

Dual-core processor (fast and efficient)

Wi-Fi and Bluetooth (classic and BLE)

Low power consumption (good for battery-powered projects)
Can read data from sensors and control devices

ESP32 Pin Description:

The ESP32 development board comes with several GPIO (General
Purpose Input Output) pins. These pins are used to connect external
devices like LEDs, motors, sensors, switches, etc.

Here are some important types of pins:

GPIO Pins: Used for digital input/output (around 30 pins).

Analog Pins (ADC): Used to read analog signals (like from a
temperature sensor).

PWM Pins: Used to control brightness of LEDs or speed of motors.

12C and SPI Pins: For communication with modules like displays or
memory chips.

UART Pins: For serial communication (used for debugging or
connecting other devices).

Power Pins: 3.3V, GND for giving power to sensors or modules.
EN (Enable): Used to restart the ESP32.

Boot Button: Used to upload code to ESP32 from a computer.
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(vii) 7805 IC

The 7805 IC is a voltage regulator that provides a constant 5-volt
output. It is commonly used in electronic circuits to supply a stable
5V power to components like microcontrollers, sensors, and other
digital devices. The 7805 takes a higher input voltage and regulates it
down to exactly 5 volts, protecting sensitive components from
voltage fluctuations. It is part of the 78xx series, where each model
gives a different fixed voltage. The 7805 is especially popular because
many electronic devices operate on 5v.




(viii) L298N Motor Driver

The L298N motor driver is an electronic device used to control the
movement of motors, especially in robotics and automation systems.
It allows a microcontroller or other low-power control system to
manage the operation of motors by providing the necessary current
and voltage. The L298N can control the direction and operation of
motors, making it possible to move them forward, backward, or stop
them as required. It is especially useful when motors require more
power than what the controller can provide directly.

(ix) Jumper wires

Jumper wires are short insulated wires used to connect components
in an electronic circuit, especially during prototyping and testing.
They allow easy and quick connections without the need for
soldering. These wires often come with pin connectors on the ends,
such as male-to-male, male-to-female, or female-to-female, which
makes them suitable for plugging into breadboards, microcontrollers,
or other circuit parts. Jumper wires are commonly used in DIY
electronics, educational kits, and development platforms like
Arduino or Raspberry Pi, helping users create and modify circuits
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with flexibility and convenience.

20cm Wale To Female

20cm Female To Female

20cm WMale To Male

(x) Heat Sink

A heat sink is a device used to dissipate heat (remove heat) from
electronic components, such as processors, power transistors, or LED
lights, to keep them from overheating. When electronic devices
operate, they produce heat, which, if not removed, can damage the
components or reduce their efficiency.

The heat sink is usually made from good heat-conducting materials
like aluminum or copper. It has a flat base that touches the hot
component, and metal fins or ridges that increase the surface area to
allow faster heat transfer to the surrounding air.

In many systems, a fan is also used with the heat sink to increase
airflow and cool things down even faster. Heat sinks are very
important in computers, power supplies, amplifiers, and many other
electronic systems to maintain safe operating temperatures and
ensure long-term performance.
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(xi) Cooler Grass

Grass used in coolers, also known as cooler grass or evaporative
cooling pad, is a key component in air coolers. It is typically made
from natural materials like khus (vetiver), wood wool (aspen), or
synthetic cellulose materials. The grass is arranged inside the cooler
where water is continuously pumped to keep it wet. When hot
outside air is drawn through the wet grass by a fan, the water
evaporates and cools the air. This cool air is then circulated into the
room. The process is natural, energy-efficient, and eco-friendly.
Cooler grass plays a vital role in this evaporative cooling method and

must be cleaned or replaced regularly to maintain effective cooling
and reduced performance.




(xii) Diode

A diode is an electronic component with two terminals that allows
electric current to flow in only one direction. It is made by joining a
p-type and an n-type semiconductor, forming a PN-junction. When
the voltage is applied in a forward direction, the diode conducts
electricity, but when the voltage is reversed, it blocks the current.
Diodes are commonly used in electronic circuits to control the
direction of current flow and are essential in converting alternating
current (AC) to direct current (DC).

(xiii) Switch

A switch is an electrical component or device that is used to control
the flow of current in a circuit by opening (breaking) or closing
(completing) the electrical path. When the switch is in the "ON"
position, it allows the electrical current to pass through, enabling the
connected device to operate. When the switch is in the "OFF"
position, it stops the flow of current, thereby turning the device off
or disabling its function. Switches are commonly used in household
appliances, industrial machinery, electronic devices, and power
systems to manage electrical operations safely and efficiently.




(xiv) Cable Wire

A cable wire is a combination of two or more insulated electrical
conductors that are bound together within a protective outer
covering. It is designed to carry electric current or communication
signals between devices, systems, or structures. Cable wires are
commonly used in residential, commercial, and industrial
applications for the safe and efficient transmission of electricity or
data. They can vary in size, material (usually copper or aluminum),
insulation type, and construction depending on their specific use and
environment.




Software Parts:-

(i) Embedded Firmware (Microcontroller Code)

Embedded firmware is a specially written software program that
runs on a microcontroller inside an electronic device. It is responsible
for controlling the hardware components, reading sensor data,
executing logic, and managing communication with other devices or
networks. This code is stored in the microcontroller’'s memory and
operates directly with the hardware, enabling the device to perform
specific tasks automatically.

In an loT-based smart cooler, the embedded firmware controls parts
like the fan, water pump, temperature sensors, and Wi-Fi module to
ensure smart and automated cooling.

(ii) Wi-Fi/Network Communication Module

A Wi-Fi or network communication module is a software component
used to connect electronic devices, such as microcontrollers, to a
wireless network or the internet. It enables the device to send and
receive data over Wi-Fi, allowing remote monitoring, control, and
communication with cloud platforms or mobile apps.

In an loT-based smart cooler, the Wi-Fi module (like ESP8266 or
ESP32) allows the cooler to communicate with users through a
smartphone app or a web dashboard, making it possible to control
and monitor the cooler from anywhere.




(iii) Cloud Platform Integration

Cloud platform integration refers to the process of connecting an loT
device, such as a smart cooler, to an online cloud service to store,
manage, and access data remotely. It allows the device to send and
receive control commands over the internet using cloud-based
applications.

In an loT-based smart cooler, cloud integration helps in uploading
data or motor status to platforms like Blynk, Thing Speak, or
Firebase. This enables users to control the cooler from anywhere
using a mobile app or web interface.

(iv) Mobile App or Web Dashboard

A mobile app or web dashboard is a user interface that allows users
to interact with and control an loT device remotely using a
smartphone, tablet, or computer. It displays real-time data from the
device and provides control options such as turning it on or off,
adjusting settings, or monitoring performance.

In an loT-based smart cooler, the mobile app or web dashboard lets
the user view temperature, humidity, and cooler status, and also
control features like the fan or water pump from anywhere using the
internet.
Example: Blynk app

Arduino lot Cloud app

lot MQTT Panel

MIT app Inventor




Chapter 5 System Architecture

An IoT-based smart cooler system typically involves several key
components working together to provide automated and remote
control of cooling functionality. These components include
microcontroller to process data and control the cooler, and an IoT
platform for remote monitoring and control. Users can interact with
the system through a mobile or web application, adjusting settings and
receiving real-time data.

Here's a more detailed breakdown of the system architecture:

1. ESP32 Microcontroller: A microcontroller that provides Wi-
Fi and Bluetooth connectivity.

2. Motor Driver: A component that controls the DC motor and
pump motor.

3. DC Motor: A 12 volt DC motor that drives the cooler's fan.
4. Pump Motor: A motor that pumps the coolant.
5. Diode: A component that regulates the voltage to the motor.

6. Heat Sink: A component that dissipates heat from the electronic
components.

7. Jumper Wires: Wires that connect the components.

8. Adapter: A component that provides power to the system.

System Design:-
The system design involves:

1. IoT Connectivity: The ESP32 connects to the cloud platform
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via Wi-F1 or Bluetooth.

2. Motor Control: The motor driver controls the DC motor and
pump motor.

3. Cloud Platform: The cloud platform stores and analyzes the
collected data.

4. Mobile App: A mobile app allows users to control and monitor
the smart cooler remotely.

This architecture provides a comprehensive framework for designing
and implementing a smart cooler IoT system.
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Chapter 6 Circuit Design

The Smart Cooler loT circuit is designed to provide remote control
and automation using an ESP32 microcontroller, which supports both
Wi-Fi and Bluetooth connectivity. The system controls the fan motor
and water pump motor through a motor driver module, and can
optionally include sensors for temperature and humidity monitoring.

O Key Components

(i) ESP32 Development Board: Acts as the main controller with
built-in Wi-Fi and Bluetooth for loT functionality.

(ii) Motor Driver (L298N or L293D): Drives both the DC fan
motor and the DC water pump motor safely, enabling direction and
speed control.

(iii) DC Fan Motor (12V): Provides airflow for cooling.

(iv) DC Water Pump Motor (12V): Circulates water to the cooler
pads.

(v) 12V 3A/5A Power Supply: Powers both motors and the
control circuit.

(vi) Diodes: Protect against back EMF from motors.

(vii) Heat Sink (for motor driver): Prevents overheating during
continuous operation.

(viii) Jumper Wires & Connectors: For secure electrical
connections.
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Chapter 7 Working Principle

An loT-based smart cooler operates by using a microcontroller with
Wi-Fi capability (like ESP32 or ESP8266) that connects to the
internet. The system allows users to remotely control the cooler
components such as the fan, water pump, or cooling lights using a
mobile application or web-based dashboard.

There are no sensors (like temperature, humidity, or water level
sensors) involved, so the cooler does not make any automatic
decisions or adjust itself based on environmental conditions. Instead,
it relies solely on user commands.

Components Involved:-

(1) Wi-Fi-enabled microcontroller (ESP32)

(2) Fan

(3) Water pump

(4) Mobile app (like Blynk or custom-made) or web dashboard

(5) Power supply

How It Works:-

The user accesses a mobile app or web interface connected to the
loT platform.

Through this interface, the user can send commands like:

Turn ON/OFF the fan

Start/stop the water pump

These commands travel via the internet to the microcontroller.




The microcontroller receives these commands and activates the
appropriate output pins.

These pins are connected to a relay module or MOSFET circuit,
which controls the power to the cooler's fan and water pump.

The device responds according to the command, and if the system
supports it, may send a confirmation message back to the app
indicating the device is ON or OFF.

Since no sensors are present, the system does not monitor or
respond to the environment automatically. It works only when the
user sends commands.

Example in Real Life:-

Suppose you're not at home and want to start your cooler. You open
the 1oT app on your phone and press the "Turn ON Cooler" button.
That button sends a signal via the internet to your ESP32 module at
home. The ESP32 receives the signal and start the fan and pump. The
cooler begins working, even though there's no sensor to check
temperature or water level. You are in full control manually.




Chapter 8 Blynk Control Interface

The Blynk control interface refers to the visual and interactive
component of the Blynk loT platform that allows users to monitor,
control, and manage hardware devices (like ESP32, Arduino, etc.) via
a mobile app or web dashboard. It provides a user-friendly GUI
(Graphical User Interface) where users can add and customize
widgets like buttons, sliders, gauges, terminals, and more, to interact
with their loT projects in real time.

1. Purpose and Functionality

The control interface acts as a bridge between the user and the
hardware. Using it, you can:

Turn devices on or off (e.g., fan, lights, pump).

Monitor sensor values (e.g., temperature, humidity, voltage).
Set timers, triggers, and automation rules.

Control devices from anywhere in the world via the internet.
View data trends using graphs and charts.

Create alerts or notifications for specific events.

2. Key Components of the Interface

a) Widgets

Widgets are the building blocks of the Blynk control interface. Some
common widgets include:

Button: To toggle devices on/off.
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Slider: For controlling variable values (like fan speed).

Gauge or Level Meter: For displaying sensor data in real time.
Graph: To visualize data over time.

LED: For status indication.

Terminal: For serial monitor-style output or command input.

b) Virtual Pins

Blynk uses virtual pins (VO, VI, etc.) to link widgets with the
device’s code. They allow you to separate Ul logic from hardware
logic, making the system more flexible and dynamic.

¢) Project Configuration

In the Blynk app or web dashboard, you create a “project” where you:
Select your hardware board (like ESP32).

Connect to Wi-Fi or cellular network.

Drag and drop widgets onto the interface.

Assign virtual pins to link with your code.

3. Types of Interfaces

a) Mobile App Interface (Android/iOS)

Simple touch-based controls.

Real-time updates and controls.

Easy customization with drag-and-drop interface.

35




Suitable for remote control via smartphone or tablet.

b) Web Dashboard Interface (Blynk 2.0)

Designed for PCs and laptops.
Offers more space and controls for professional dashboards.

Great for commercial [oT solutions and device fleets.

4. User Experience

The Blynk control interface is designed to be:

Intuitive: No need for complex coding or design skills.

Responsive: Works in real time, reacting immediately to user
input or sensor feedback.

Customizable: Users can modify layout, colors, labels, and
functionality to suit their needs.

5. Security and Access Control

Authentication tokens (Auth Token) are used to securely connect the
device to the Blynk interface.

In Blynk 2.0, you can also manage user roles and permissions, define
access levels, and share dashboards with team members securely.

6. Benefits of Blynk Interface in IoT Projects

Quick Deployment: Build control systems rapidly without advanced
coding.
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Cross-Platform: Works on both mobile and web.
Cloud Integration: Stores and processes data via Blynk Cloud.

OTA (Over-the-Air) Updates: Devices can be updated

remotely.

Scalable: Suitable for both small hobby projects and large
industrial solutions.

Conclusion:-

The Blynk control interface transforms complex [oT systems into
interactive, visual, and remotely controllable dashboards. Whether
you’re building a smart home device, a weather station, or an
industrial monitoring system, Blynk gives you the tools to manage it
effectively from anywhere with just a few taps or clicks.

Drag-n-drop loT Smart Cooler
apps in minutes e R e

Build user-friendly interfaces with no code
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Chapter 9 ESP32 Overview

The ESP32 Node MCU is a development board that combines the
functionality of the ESP32 chip with the convenience of the Node
MCU firmware and hardware design. It's a popular choice for Internet
of Things (IoT) projects due to its low cost, Wi-Fi and Bluetooth
capabilities, and ease of programming via the Arduino IDE or other
platforms. The board typically includes the ESP32 chip, a USB-to-
UART bridge for programming and debugging, and various I/O pins
for connecting peripherals.

ESP32 Chip Overview:

Dual-Core Processor:

The ESP32 features a dual-core 32-bit Tensilica LX6 microprocessor,
offering processing power for complex tasks.

Integrated Wi-Fi and Bluetooth:

It has built-in Wi-Fi and Bluetooth/BLE (Bluetooth Low Energy)
capabilities, making it ideal for connecting to networks and other
devices.

Low Power Consumption:

The ESP32 is designed for low-power applications, with various
power-saving modes and features like clock gating and dynamic
power scaling.

Rich Peripherals:

It includes a wide array of peripherals, such as multiple ADC
channels, DAC channels, UART interfaces, SPI, 12C, and PWM
outputs, enabling versatile connectivity and control.
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Node MCU Firmware and Board:

Open-Source Platform:

Node MCU 1is an open-source platform that simplifies IoT
development using the ESP8266 and ESP32 chips.

Lua Scripting:

Node MCU firmware often utilizes the Lua scripting language, known
for its simplicity and ease of use.

Arduino IDE Compatibility:

The Node MCU ESP32 board is compatible with the Arduino IDE,
allowing developers to leverage the vast Arduino ecosystem and
libraries.

Pinout and Headers:

The Node MCU board exposes the ESP32's 1/O pins through headers,
making it easy to connect sensors, actuators, and other components.

Key Features and Advantages:

Cost-Effective:

The ESP32 Node MCU is a budget-friendly option for [oT projects.
Rapid Prototyping:

Its ease of programming and allow for quick prototyping of IoT
applications.

Versatile Applications:

It's suitable for a wide range of applications, including home
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automation, wearables, industrial control, and more.
Robust Design:

The ESP32 chip is designed to operate reliably in various
environmental conditions.
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Chapter 10 Output And Result

An loT-based smart cooler without using sensors operates mainly
through manual or app-based control rather than automatic
feedback systems. The system is typically connected to the internet
via a microcontroller (like ESP32 or Node MCU), and can be remotely
controlled using a mobile app or web dashboard such as Blynk.
Here's a detailed explanation of the output and results:

Output and Functionality:

1. Remote Control Operation:

The cooler can be turned ON or OFF from a smartphone using Wi-Fi
and a mobile app. Users can also control components like the fan,
water pump, or LED indicators from anywhere with internet access.

2. User-Defined Settings:

Without sensors, settings such as fan speed, pump timing, and
operation schedules must be set manually by the user through the

app.
3. Manual Monitoring:

Since there are no temperature or humidity sensors, the system
cannot auto-adjust based on environmental conditions. The user
must observe the room condition and operate the cooler manually
via app inputs.




4. Cloud Connectivity:

The cooler stays connected to a cloud platform, enabling data
logging and app control. This ensures commands can be sent and
received in real-time.

5. OTA (Over-the-Air) Update Support:

Some systems allow firmware updates remotely, so developers can
improve the microcontroller code without physically accessing the
hardware.

6. Low Cost and Simplicity:

Since no sensors are used, the system is cheaper and less complex.
It’s suitable for basic loT demonstrations or low-budget smart
appliance setups.

Expected Results:

1.Successful App Communication: The mobile app

communicates properly with the cooler hardware (via Wi-Fi and
cloud).

2. Manual Device Activation: User is able to control fan and

pump remotely without physical contact.

3. Stable Wi-Fi Response: The system stays connected to Wi-Fi

and executes commands quickly.

4. Simple Interface Feedback: The app gives feedback on

button status (ON/OFF), but not on real-time cooler condition (since
sensors are absent).
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5. Energy Savings : If used efficiently, remote control could help

save electricity by switching the cooler off when not needed.

Limitations:

1. No auto temperature control (due to lack of sensors).

2. No real-time feedback loop (the system does not "know" current

room conditions).
3. More manual intervention required.

4. Not ideal for fully automated smart homes, but good for learning

and basic loT use.




Chapter 11 Application

[oT-based smart coolers offer remote control, energy efficiency, and
automated features through smartphone apps. They can integrate with
other smart home devices and provide real-time alerts for
maintenance. These coolers are used in residential and commercial
settings like food storage, healthcare, and logistics, where temperature
control is crucial.

Key Applications:

1. Smart Refrigerators:
Monitor temperature, humidity, and energy consumption, and receive
alerts for optimal food storage.

2. Cold Storage Facilities:

Monitor temperature, humidity, and energy consumption, and
optimize storage conditions for perishable goods.

3. Pharmaceutical Storage:

Store temperature-sensitive pharmaceuticals, ensuring compliance
with regulatory requirements and maintaining product efficacy.

4. Food and Beverage Industry:
Monitor temperature and humidity levels, and optimize storage and
transportation conditions for perishable goods.

5. Medical Applications:

Store vaccines, blood, and other temperature-sensitive medical
supplies, ensuring compliance with regulatory requirements and
maintaining product efficacy.

6. Industrial Cooling Systems:
Monitor and control temperature, humidity, and energy consumption,
and optimize cooling systems for industrial applications.
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7. Transportation and Logistics:
Monitor temperature and humidity levels during transportation,
ensuring that goods are delivered in optimal conditions.

8. Supermarkets and Retail:
Monitor temperature and humidity levels, and optimize storage and
display conditions for perishable goods.

9. Laboratory and Research:

Store temperature-sensitive samples and materials, ensuring
compliance with regulatory requirements and maintaining sample
integrity.

10. Cold Chain Management:

Monitor temperature and humidity levels throughout the cold chain,
ensuring that products are stored and transported in optimal
conditions.

These applications demonstrate the versatility and potential of IoT-
based smart coolers in various industries, from food and
pharmaceuticals to industrial and medical applications.




Chapter 12 Conclusion

The loT-based smart cooler demonstrates a basic but effective
implementation of smart technology using Internet of Things (loT)
concepts. In this system, control is carried out manually through an
loT platform such as a mobile app (Blynk) or a web interface.
Components like the ESP32 or Node MCU microcontroller play a
central role by connecting the system to Wi-Fi, allowing the user to
control the fan, water pump, and other parts of the cooler from
anywhere using a smartphone or computer.

Even without sensors, the system can still achieve essential smart
functionalities, such as remote operation, real-time status updates,
and scheduling of operations. This can be particularly useful in
homes, offices, and agricultural areas where remote cooling is
needed and manual operation is not always possible.

However, it is important to note that the absence of environmental
sensors means that the system cannot automatically respond to
temperature or humidity changes. For example, the cooler will not
turn on automatically when the temperature rises, as a fully
automated system would. This limits the level of "smartness" and
automation achievable with this design.

In conclusion, an loT-based smart cooler provides a basic yet
practical solution that introduces remote control and monitoring
capabilities to traditional cooling systems. It is ideal for users who
need the convenience of loT control but do not require automatic
environmental response. To achieve full automation and intelligent
operation, the addition of sensors would be a valuable future
enhancement.
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Chapter 13 Future Scope

The future of loT-based smart coolers is bright, with potential for
integration into broader smart home ecosystems, enhanced energy
management, and expansion into commercial applications. These
coolers are expected to become more efficient, intelligent, and user-
friendly, with features like Al-powered predictive maintenance and
personalized cooling based on user preferences.

Here's a more detailed look at the future scope:

1. Integration with Smart Home Ecosystems:

e Smart coolers will be able to communicate with other smart
devices like thermostats, lighting, and security systems, creating
a more holistic and automated home environment.
Users will be able to control their cooler alongside other
appliances through a single platform, like a smartphone app or
voice assistant.
For example, a smart cooler could automatically adjust its
settings based on the temperature and occupancy detected by
other sensors in the room.

2. Enhanced Energy Management:

e Future smart coolers will likely incorporate more advanced
energy-saving features, such as optimized cooling algorithms
and integration with renewable energy sources like solar power.

e This could lead to significant reductions in energy consumption
and carbon footprint.




e Smart coolers might also be able to predict energy usage
patterns and optimize their operation to minimize energy
waste.

3. Al and Machine Learning:

e Al and machine learning will play a crucial role in making smart
coolers more intelligent and efficient.
Al algorithms could analyze user behavior and environmental
conditions to personalize cooling preferences and optimize
performance.
For example, a cooler could learn a user's preferred
temperature settings for different times of the day and
automatically adjust to those settings.

4. Enhanced Connectivity and User Experience:

e The rollout of 5G networks will enable faster and more reliable
connectivity for smart coolers, allowing for seamless remote
control and real-time data transmission.

User interfaces will become more intuitive and user-friendly,
with  features like voice control and personalized
recommendations.

Smart coolers will also be able to provide users with detailed
insights into their energy consumption and cooling
performance.

5. Commercial Applications:

e |oT-based smart coolers have the potential to revolutionize
commercial refrigeration in various industries, including food
storage, healthcare, and hospitality.




Precise temperature control is crucial in these settings, and
smart coolers can offer enhanced monitoring and control
capabilities.

For example, in a hospital, smart coolers could be used to
monitor and maintain the temperature of vaccines and other
temperature-sensitive medications.

6. Advanced Cooling Technologies:

Future smart coolers may incorporate advanced cooling
technologies like Peltier devices, which can provide efficient
and targeted cooling without the need for refrigerants.

These devices can be integrated with loT systems to optimize
energy consumption and provide precise temperature control.
Furthermore, research into new materials and cooling
technologies will continue to drive innovation in the field of
smart cooling.

7. Predictive Maintenance:

Al-powered predictive maintenance will allow smart coolers to
detect potential issues before they lead to failures.

This can minimize downtime and reduce the cost of
maintenance and repairs.

For example, a smart cooler could predict when a fan motor is
about to fail and automatically schedule a maintenance
appointment.




Annexures

A.

ESP32 Pinout Diagram

The ESP32 microcontroller has a diverse range of pins that can be
used for various functions. These include General Purpose
Input/Output (GPIO) pins, which can be configured for digital or
analog input/output, as well as special function pins like PWM (Pulse
Width Modulation), touch sensor, and communication pins for UART,
SPI, and 12C. Power pins (VCC and GND) are also essential for
providing power to the board. The specific pinout can vary slightly
between different ESP32 development boards (like the 30-pin and
36-pin versions), but the core functionality remains consistent. Six
GPIO pins (GPIO6 to GPIO11) are typically used for the SPI Flash IC on
the 36-pin version and should not be used for other purposes.

Key Pin Types and Functions:

GPIO Pins:

These are the most versatile pins and can be configured for various
digital and analog input/output operations.

Power Pins:

VCC (typically 3.3V) and GND (Ground) pins are used for powering
the ESP32 and its peripherals. Last Minute Engineers says the VIN pin
can also be used for powering the board if a regulated 5V power
supply is available.

Communication Pins:

UART, SPI, and 12C pins are used for serial communication with other
devices.




Analog Pins:
ADC (Analog-to-Digital Converter) pins are used for reading analog
signals.

Special Function Pins:

These include PWM pins for controlling analog devices, touch sensor
pins for detecting touch input, and RTC (Real-Time Clock) pins.

Important Considerations:

Pin Conflicts:

Some pins have multiple potential uses. Matha Electronics
recommends that you confirm all potential uses before using a pin
for a specific operation.

Voltage Levels:

The ESP32 typically operates at 3.3V, so ensure that any external
components you connect are also compatible with this voltage level.

WiFi Interference:

When using WiFi, some ADC2 pins may not be available, according to
Last Minute Engineers.

PWM and DAC:

The ESP32 has the capability to generate PWM signals and also
features two 8-bit DAC channels for generating analog voltages.
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Annexures

B. Source Code

#define BLYNK TEMPLATE ID "YourTemplateID"
#define BLYNK TEMPLATE NAME "CoolerControl"
#define BLYNK AUTH TOKEN "YourAuthToken"

#include <WiFi.h>
#include <BlynkSimpleEsp32.h>

// WiF1i credentials
char ssid[] = "YourSSID";
char pass[] = "YourPassword";

// Motor Pins

#define ENA 14 // Enable Pin for Fan Motor
#define IN1 26

#define IN2 27

#define PUMP 25 // Pump Motor Control Pin

int systemState = 0; // ON/OFF system
int pumpState =0; // ON/OFF pump

/I System ON/OFF
BLYNK WRITE(VO0) {
systemState = param.asInt();
if (systemState == 0) {
digitalWrite(ENA, 0);
digitalWrite(IN1, 0);
digitalWrite(IN2, 0);
Serial.println("System OFF");
} else {
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Serial.println("System ON");

b
}

// Fan Low
BLYNK WRITE(V1) {
if (systemState == 1) {
analogWrite(ENA, 100); // LOW speed
digitalWrite(IN1, 1);
digital Write(IN2, 0);
Serial.println("Fan: LOW Speed");
}
}

// Fan Medium
BLYNK WRITE(V2) {
if (systemState == 1) {

analogWrite(ENA, 180); / MEDIUM speed
digitalWrite(IN1, 1);
digital Write(IN2, 0);
Serial.println("Fan: MEDIUM Speed");
}
}

// Fan High
BLYNK WRITE(V3) {
if (systemState == 1) {
analogWrite(ENA, 255); // HIGH speed
digitalWrite(IN1, 1);
digitalWrite(IN2, 0);
Serial.println("Fan: HIGH Speed");
}
}
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// Pump ON/OFF
BLYNK WRITE(V4) {
pumpState = param.asInt();
digital Write(PUMP, pumpState);
if (pumpState == 1) {
Serial.println("Pump: ON");
} else {
Serial.printin("Pump: OFF");
}
}

void setup() {
Serial.begin(115200);

pinMode(ENA, OUTPUT);
pinMode(IN1, OUTPUT);
pinMode(IN2, OUTPUT);
pinMode(PUMP, OUTPUT);

digitalWrite(ENA, 0);
digitalWrite(IN1, 0);
digital Write(IN2, 0);
digitalWrite(PUMP, 0);

Blynk.begin(BLYNK AUTH TOKEN, ssid, pass);
h

void loop() {
Blynk.run();

}




Thank You




