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Abstract - The energy management system designed to
optimize the usage of fans and lights in institutional and
commercial buildings. Excessive energy consumption
remains a major concern, primarily due to inefficient
control mechanisms where appliances remain switched on
even when not required. This invention addresses such
inefficiencies by integrating microcontrollers,
environmental sensors, and I[oT technology to enable
automated and user-customizable control. The system
continuously monitors temperature, light intensity, and
occupancy to determine the optimal operation of fans and
lights, ensuring that energy is used only when necessary. A
microcontroller processes sensor data and executes real-
time control logic, eliminating the need for manual
intervention. Additionally, the system includes a user
customization interface, allowing facility managers or
security personnel to define operational schedules, set
temperature thresholds, and adjust lighting conditions as
per specific requirements. The incorporation of I[oT
technology further enhances system functionality, enabling
remote access and control via a cloud-based platform or
mobile application. This feature provides real-time
monitoring and customization, ensuring operational
efficiency and flexibility. By reducing unnecessary energy
consumption, the system lowers electricity costs, extends
appliance lifespan, and contributes to sustainability efforts
by minimizing the overall carbon footprint. The invention
is particularly beneficial for educational institutions,
corporate offices, and commercial buildings, where large-
scale energy management is crucial. Overall, this smart
automation system enhances energy efficiency, reduces
dependency on manual operation, and promotes eco-
friendly energy practices, making it a cost-effective and
scalable solution for modern building management.
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Automation, Sensor-Based Control, Fan and Light
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1. INTRODUCTION

The Innovative Automatic Fan Control with User
Customization Features provides the feature of smart
energy management and automation systems. This
invention integrates embedded systems, 10T, and sensor-
based control mechanisms to optimize energy
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consumption in institutional buildings. It specifically
focuses on automating the operation of electrical
appliances such as fans and lights based on real-time
environmental conditions, time schedules, and user
preferences. By incorporating automation and
customization features, the invention aims to reduce
energy wastage, improve efficiency in institutional and
commercial buildings, and promote sustainable energy
consumption practices.

1.1 Background Work

Energy management in large institutions and
commercial buildings has become a critical concern due to
excessive energy consumption caused by inefficient control
of electrical appliances. In educational institutions, fans and
lights are often left running even when classrooms are
unoccupied, leading to unnecessary power wastage.
Traditional methods, such as manual switching and basic
timers, lack adaptability to real-time conditions and require
constant human intervention, making them inefficient and
error prone.

The system continuously monitors room occupancy,
ambient temperature, and lighting levels to determine when
appliances should be switched on or off. Additionally, it
offers a customizable user interface, allowing
administrators to set predefined operational schedules,
threshold temperatures, and lighting conditions tailored to
specific needs. By leveraging 10T connectivity, the system
enables remote monitoring and control via a cloud-based
platform, allowing authorized personnel to optimize energy
consumption from anywhere.

This innovation not only reduces electricity bills but also
extends the lifespan of appliances and promotes
sustainability by minimizing energy wastage. The
implementation of such a smart automation system ensures
that energy is used efficiently, significantly improving
energy conservation efforts in institutional and commercial
settings while enhancing operational convenience and
reducing dependency on manual intervention.

1.2 Problem Statement

Overuse of energy is still a big problem, mostly because
of ineffective control systems that keep appliances running
when they're not needed.
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Facility managers and security personnel are tasked
with manually turning off appliances, which is not only
labour-intensive but also ineffective in ensuring consistent
energy savings. The absence of a centralized control system
further contributes to operational inefficiencies, increasing
electricity costs and carbon footprints.

To address these challenges, this invention introduces
Innovative Automatic Fan Control with User Customization
Features, a smart energy management system that
integrates microcontrollers, sensors, and IoT technology to
automate the operation of fans and lights based on
environmental conditions and user preferences.

1.3 Objectives and Scope of the Project

e Optimizes fan and light usage based on real-time
environmental conditions like temperature, lighting, and
occupancy, minimizing energy wastage.

« Uses a microcontroller to process sensor data, enabling
automatic switching of appliances and reducing the need
for manual intervention.

« Allows facility managers to set schedules and threshold
values, ensuring appliance operation aligns with
institutional needs while maintaining security.

e Provides remote access via cloud or mobile
applications, enabling real-time monitoring and
customization for enhanced user flexibility.

» Reduces electricity consumption, lowering operational
costs and carbon footprints, making it an eco-friendly
solution for energy management..

2. LITERATURE SURVEY

Most conventional energy management systems depend on
manual switching or fixed timers. These methods have
several drawbacks:

e Manual Dependency: Users often forget to turn off
fans and lights, leading to excessive power wastage.

o Fixed Timers: Pre-set schedules may not match
real-time needs, causing energy to be used
unnecessarily.

e Lack of Remote Monitoring: Users cannot monitor
or control appliances from a distance, reducing
efficiency.

e Occupancy Sensing: Motion sensors can detect
human presence and turn appliances on or off,
saving 35% energy in commercial buildings.

A study by Patil et al. (2020) found that introducing
automated sensor-based control in university buildings
reduced energy wastage by 30%. This highlights the
importance of adopting smart, automated solutions.Recent
research has focused on sensor-based automation for
controlling appliances efficiently.
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3. SYSTEM ARCHITECTURE

The proposed system is designed to monitor and regulate
the operation of fans and lights in college buildings. It
employs temperature sensors, light sensors, and real-time
clock modules to determine the optimal switching
conditions. A microcontroller processes the sensor inputs
and executes control logic to operate the appliances
efficiently. Additionally, the system allows authorized
personnel to customize settings such as operating hours,
threshold temperatures, and light intensity levels through
an interactive user interface. The integration of IoT features
enables remote monitoring and control via a cloud-based
platform, ensuring enhanced flexibility and efficiency.

The Innovative Automatic Fan Control with User
Customization Features is a smart energy management
system designed to optimize the operation of fans and
lights in institutional and commercial buildings. This
invention addresses the issue of excessive energy
consumption caused by appliances being left on
unnecessarily, leading to high electricity bills and energy
wastage.

The system incorporates microcontrollers, sensors, and [oT
technology to enable automated control based on real-time
environmental conditions such as temperature, lighting
levels, and occupancy status. The microcontroller
processes input from temperature and light sensors to
determine when to activate or deactivate fans and lights,
ensuring that energy is utilized efficiently. A user
customization feature allows facility managers and security
personnel to set predefined operational schedules,
temperature thresholds, and lighting conditions tailored to
specific building requirements.

Unlike conventional manual control or basic timer-based
systems, this invention offers dynamic adaptability,
ensuring real-time adjustments to environmental changes.
The integration of IoT technology allows remote
monitoring and control through a cloud-based platform or
mobile application, providing administrators with
enhanced flexibility and oversight. By preventing
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unnecessary energy consumption, the system significantly
reduces operational costs while extending the lifespan of
electrical appliances.

The implementation promotes sustainability by minimizing
carbon footprints and supporting energy conservation
efforts. The invention is particularly useful for educational
institutions, corporate offices, and other large facilities
where energy efficiency is crucial. Overall, this intelligent,
customizable, and automated system enhances operational
convenience, improves energy efficiency, and supports
sustainability, =making it a cost-effective and
environmentally responsible solution for modern building
management.

3.1 Smart Automation System Overview
The invention introduces an advanced smart energy
management system that automates the operation of fans
and lights in institutional and commercial buildings. The
system integrates microcontrollers, environmental
sensors, relays, and IoT connectivity to enable real-time

monitoring and adaptive control.

e Adaptive Control Based on Real-Time Data
The microcontroller processes real-time data from
temperature and light sensors to determine the
optimal operation of fans and lights. The system
adjusts fan speed and lighting levels dynamically,
ensuring that energy is consumed only when
needed.

e IoT-Based Remote Monitoring and Control
The system connects to a cloud-based platform via
a WiFi module, allowing remote monitoring and
control through a mobile application. Facility
managers can modify settings, define schedules,
and override automatic controls from any location,
enhancing flexibility and control.

e Operational Efficiency and Energy Savings
By automating appliance control and reducing
manual intervention, the system significantly
lowers energy consumption and operational costs.
This enhances overall efficiency and promotes
sustainable energy management practices.

3.2 System Components

The system includes a NodeMCU microcontroller
(ESP8266/ESP32) as the central processing unit. It collects
real-time data from NTC and DHT11 sensors (temperature
and humidity), an LDR sensor (light intensity), and relays
for switching appliances. A WiFi module ensures remote
connectivity, and a 16x2 LCD provides real-time feedback.

System Operation
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e The microcontroller processes sensor data and
determines the optimal operation of fans and
lights.

e Fan speed is adjusted based on room temperature,
while lights are switched on or off based on
ambient lighting levels.

e The system operates in real-time, minimizing
energy wastage.

Customization and Control
e Users can define schedules,
thresholds, and lighting levels.
e A mobile application allows remote customization
and real-time monitoring.
e Manual control options are available for user
intervention when necessary.

temperature

IoT Integration
e WiFi-based connectivity allows real-time data
exchange with the cloud platform.
e Users can access system data and control functions
through a smartphone or web interface.

Energy Efficiency and Sustainability
e Automated control minimizes unnecessary energy
consumption.
e Lower energy costs and extended appliance
lifespan enhance overall sustainability.

3.3 Operational Workflow

The system follows a structured operational sequence to
ensure efficient control and automation of fans and lights

based on real-time environmental data and user
preferences.
1. Establishing IoT Connection

When powered on, the system first attempts to
connect to the loT platform through the integrated
WiFi module. The microcontroller continuously
tries to establish a secure and stable connection. If
the connection attempt fails, the system
automatically retries until a successful link is
established. Once connected, the system enables
real-time communication between the hardware
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components and the cloud-based platform,
allowing seamless data exchange and remote
access.

2. Environmental Data Monitoring

After establishing the connection, the system
begins to monitor environmental conditions in real
time using its integrated sensors. The temperature
and humidity sensors (NTC and DHT11) provide
data on room temperature and moisture levels,
while the LDR sensor measures ambient light
intensity. This data is processed continuously by
the microcontroller, which evaluates whether the
current environmental conditions meet the
predefined thresholds for fan and light operation.

3. Automated Control of Fans and Lights
Based on the processed sensor data, the
microcontroller makes decisions on whether to
turn the fans and lights on or off. If the room
temperature exceeds the predefined threshold, the
system automatically activates the fan and adjusts
its speed accordingly. Similarly, if the ambient light
level drops below the defined limit, the lights are
switched on. The system dynamically adjusts fan
speed and lighting intensity to maintain an optimal
indoor environment while minimizing energy
consumption.

4. User Override and Customization
In addition to automated control, the system
allows user intervention through a mobile
application connected to the IoT platform. Facility
managers or authorized personnel can override
automatic settings and manually control fan and
light operation from any location using the app.
The app provides options to modify temperature
and lighting thresholds, set operational schedules,
and adjust fan speed based on specific needs. This
combination  of automation and  user
customization enhances flexibility and operational
efficiency.
This structured workflow ensures that the system operates
efficiently and adaptively, responding to environmental
changes in real time while allowing user-defined control for
enhanced convenience and energy savings.

3.4 System Integration

System integration refers to the process of combining
various hardware and software components into a unified
system to enable coordinated operation and seamless
communication. In the context of the Innovative Automatic
Fan Control with User Customization Features, system
integration  involves  connecting  microcontrollers,
environmental sensors, relays, IoT modules, and user
interfaces to create a smart and automated energy
management system. The goal of integration is to ensure
that all components work together efficiently, enabling
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automated control, real-time monitoring, and user
customization.

The integration process includes configuring the
microcontroller to collect and process data from the
sensors, using relays to control the operation of fans and
lights, and establishing a stable connection with the cloud-
based platform for remote access and control. The system
operates through a structured workflow where sensor data
is continuously processed to make real-time decisions,
ensuring energy efficiency and user convenience.

Key Components of System Integration

1. Microcontroller (NodeMCU - ESP8266/ESP32)

e Acts as the central processing unit of the
system.

e Collects and processes data from
environmental sensors.

e Executes control logic to operate fans and
lights.

e Handles communication with the IoT
platform through the WiFi module.

2. Environmental Sensors

e NTC Sensor - Measures room
temperature and provides data to the
microcontroller for temperature-based
fan control.

e DHT11 Sensor - Measures humidity
levels to adjust fan operation for
maintaining optimal comfort.

e LDR Sensor - Detects ambient light
intensity to control the switching of lights
based on illumination levels.

3. Relay Module

e Acts as an electronic switch to control the
operation of fans and lights.

e Receives signals from the microcontroller
to turn appliances on or off based on real-
time conditions.

e Ensures reliable and efficient switching
for consistent operation.

4. WiFi Communication Module

e Facilitates data exchange between the
microcontroller and the cloud-based
platform.

e Ensures secure and stable connectivity for
real-time monitoring and remote control.

e Enables user access to system status and
settings from a mobile application.

5. Cloud-Based Platform and Mobile Application
e The cloud platform stores operational
data and user preferences.
e The mobile app provides an intuitive
interface for monitoring and
customization.
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e Allows facility managers to define
schedules, adjust settings, and override
automatic controls from any location.

6. 16x2 LCD Display
e Displays real-time temperature, humidity,
fan speed, and system status.
e Provides immediate feedback to users for
easy monitoring and troubleshooting.

7. Power Supply Unit
e Provides stable voltage to all system
components.
e Ensures uninterrupted operation of the
microcontroller, sensors, and relays.

3.5 Integration Workflow

e Thesystem is powered on, and the microcontroller
attempts to connect to the IoT platform through
the WiFi module.

e Once connected, environmental data is collected
from the sensors and processed by the
microcontroller.

e The microcontroller sends control signals to the
relay module, which switches the fans and lights on
or off based on sensor data.

e The cloud-based platform allows remote access
and control through a mobile app, enabling real-
time adjustments and monitoring.

e The LCD display shows system status and
environmental data for local monitoring.

This integrated system ensures coordinated operation,
adaptive control, and user-defined customization,
enhancing energy efficiency and user convenience.

4.RESULTS AND DISCUSSION
4.1 Results

The implementation of the Innovative Automatic Fan
Control with User Customization Features demonstrated a
significant reduction in energy consumption. Comparative
analysis before and after system deployment showed a 35-
40% decrease in electricity usage due to automated fan and
light control based on real-time environmental conditions.
The system effectively prevented unnecessary appliance
operation, reducing daily fan usage from 10 hours to 6.5
hours and light usage from 8 hours to 4.8 hours. This
optimization resulted in lower operational costs and
contributed to sustainability efforts by minimizing the
overall carbon footprint.

The automation system exhibited high efficiency and
responsiveness, with instant adjustments to fan speed and
lighting conditions based on sensor inputs. The [oT-based
remote monitoring and customization features allowed
facility managers to modify settings, define operational
schedules, and override automatic controls through a
mobile application. User feedback indicated a seamless
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experience with reliable cloud connectivity and an intuitive
interface. Additionally, the reduction in manual switching
extended the lifespan of electrical appliances, further
enhancing cost savings and system sustainability.

4.2 Discussion

The results of the Innovative Automatic Fan Control with
User Customization Features highlight the effectiveness of
automation in optimizing energy consumption in
institutional and commercial buildings. By integrating
microcontrollers, environmental sensors, and IoT
technology, the system successfully reduced unnecessary
energy usage while maintaining a comfortable indoor
environment. The reduction in fan and light operation
hours confirms that real-time adaptive control significantly
minimizes wastage compared to traditional manual or
timer-based systems. Additionally, the ability to set
predefined operational schedules and temperature
thresholds ensured that the system catered to the specific
needs of different facilities, enhancing overall efficiency.
The successful implementation of remote monitoring and
customization through a cloud-based platform further
demonstrates the advantages of IoT integration in energy
management. Facility managers could remotely monitor
system status, make real-time adjustments, and override
controls when necessary, providing greater flexibility and
control. The reduced dependence on manual intervention
not only saved labor costs but also ensured consistent
energy savings without human error. These findings
emphasize the scalability and practicality of the system,
making it a cost-effective and eco-friendly solution for
modern buildings aiming to improve energy efficiency and
sustainability.

5. CONCLUSION

The Innovative Automatic Fan Control with User
Customization Features effectively optimizes energy
consumption in institutional and commercial buildings
through smart automation, real-time monitoring, and IoT-
based control. By integrating microcontrollers and
environmental sensors, the system dynamically adjusts fan
speed and lighting conditions based on real-time data,
significantly reducing electricity wastage and operational
costs. The incorporation of remote access and user
customization ensures flexibility, allowing facility
managers to set schedules, modify thresholds, and
manually override controls when necessary. This
automation not only improves energy efficiency but also
extends appliance lifespan and reduces maintenance costs.
The successful implementation of this system highlights its
scalability and practicality, making it a cost-effective and
eco-friendly solution for modern energy management.
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