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Abstract: In today's rapidly evolving technological landscape, the integration of smart systems to monitor and manage
environmental conditions has become increasingly crucial. This paper presents a comprehensive system that combines water leakage
detection, gas leak detection, a smart irrigation system, and emotional ambient lighting to create safer, more efficient, and
emotionally engaging indoor environments. The water leakage detection component employs a network of sensors strategically
placed to detect even the slightest traces of water leakage. Upon detection, the system promptly alerts users, mitigating potential
damage to property and infrastructure, and ensuring the preservation of valuable resources. Similarly, the gas leak detection
subsystem utilizes advanced sensors to identify and locate gas leaks within the monitored area. This functionality is essential for
maintaining safety in residential, commercial, and industrial settings, minimizing the risk of fire, explosions, and health hazards
associated with gas leaks. Furthermore, the smart irrigation system revolutionizes traditional watering practices by leveraging sensor
data and weather forecasts to optimize water usage in outdoor environments. By precisely delivering water to plants based on their
specific needs and environmental conditions, this system promotes water conservation and enhances the health and vitality of green
spaces. Moreover, the integration of emotional ambient lighting adds a new dimension to indoor environments by dynamically
adjusting lighting conditions to reflect the occupants' emotional states and preferences. Through the use of color, intensity, and
pattern variations, the lighting system creates atmospheres that promote relaxation, focus, or productivity, contributing to improved
well-being and mood regulation. The synergistic integration of these functionalities results in a comprehensive environmental
monitoring and control system that addresses diverse needs and challenges. Whether it's safeguarding against water and gas leaks,
optimizing irrigation practices, or enhancing the emotional experience of occupants, this system offers a versatile solution for
creating paper represents a significant step towards the development of intelligent systems that not only enhance safety and
efficiency but also prioritize the well-being and emotional satisfaction of occupants in indoor spaces.

l. INTRODUCTION

In an era marked by rapid urbanization and technological innovation, the quest for intelligent systems
capable of enhancing the safety, efficiency, and emotional well-being of occupants within living spaces has
become paramount. This paper introduces an integrated framework that addresses these fundamental needs
by combining cutting-edge technologies for environmental monitoring, irrigation management, and
emotional lighting modulation.

The contemporary challenges of water leakage, gas detection, inefficient irrigation practices, and the
importance of emotional ambiance within indoor environments underscore the necessity for a holistic
approach to environmental control. This integrated system represents a novel solution that not only addresses
these challenges but also prioritizes the emotional experiences of individuals within these spaces.Water and
gas leaks represent critical threats to both property integrity and human safety. Timely detection and
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intervention are imperative to mitigate risks and ensure the well-being of occupants. Leveraging advanced
sensor technologies and sophisticated algorithms, the proposed system provides proactive monitoring and
rapid response capabilities, thereby enhancing safety and security within living environments. In addition to
mitigating risks, the system aims to optimize water usage through the implementation of a smart irrigation
system. By integrating real-time sensor data and weather forecasts, this component enables precise control
over irrigation schedules and volumes, promoting water conservation and supporting the vitality of green
spaces. This aspect aligns with broader sustainability goals and environmental stewardship.

1. LITERATURE SURVEY

A literature review is an overview of the works that recognized academics and researchers have published
on a certain subject. It comprises the state of the art, encompassing significant discoveries as well as
theoretical and methodological advancements on a given subject. Reviews of the literature do not present
newly conducted experiments; instead, they rely on secondary sources. A literature review enables us to
improve and showcase our abilities in two primary domains: locating knowledge and evaluating it critically.

2.1 SMART HOME POWER MANAGEMENT BASED ON INTERNET AND SMART SENSOR
NETWORK

The system can activate platform services upon user authentication, providing tailored suggestions based on
usage patterns. By leveraging 10T data, it can recommend optimal power management settings, gauge user
power consumption, and ensure it falls within reasonable limits. Utilizing a mobile app with a graphical
interface, the cloud platform offers users insights into domestic power usage, empowering them to make
informed decisions to minimize unnecessary consumption. This study aims to design a cloud platform for
home power management, enhancing electricity efficiency and reducing waste, thereby enabling users to
benefit from precise control and smart living. Additionally, the platform aids governmental efforts to
accurately regulate household power usage, mitigating losses and waste.

2.2 ESTABLISHMENT OF SMART LIVING ENVIRONMENT CONTROL SYSTEM

In today's world, there's a growing focus on creating comfortable living spaces while also prioritizing
energy conservation and environmental sustainability. This study delves into compiling data on human
comfort conditions and explores the control of smart devices within home environments. By integrating
information communication technology and the Internet of Things (10T), a smart control system is developed
to foster a comfortable, energy-efficient home environment by monitoring both indoor and outdoor
environmental data simultaneously. If outdoor conditions are optimal but indoor conditions are not, such as
being too hot or humid, the system adjusts by opening windows to incorporate favourable outdoor elements.
Conversely, when outdoor conditions are unfavourable, the windows are closed to maintain indoor comfort.
Various devices are activated based on detected values; for instance, a dehumidifier kicks in if humidity
levels rise, an air purifier operates in response to high particulate matter levels, and an air conditioner or fan
is engaged to regulate temperature and CO2 levels respectively. Users can view sensor readings and device
statuses on the screen, adjusting threshold values to suit their preferences.
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23A HYBRID EVENT DETECTION FOR NON - INTRUSIVE MONITORING

Non-Intrusive Load Monitoring (NILM) stands as a cornerstone in today's energy landscape, offering crucial
solutions for energy conservation and efficient management. Its rising significance in bolstering energy
savings and unravelling consumer behavior underscores its pivotal role in tackling global energy challenges.
This paper provides a detailed examination of NILM, emphasizingits vital role in both smart homes and smart
grids. The study's major contributions are threefold: Firstly, it compiles a comprehensive global dataset table,
serving as a valuable resource for researchers and engineers in selecting suitable datasets for NILM studies.
Secondly, it categorizes NILM approaches, streamlining the understanding of various algorithms by focusing
on technologies, label data requirements, feature utilization, and monitoring states. Lastly, by pinpointing
gaps in current NILM research, this work charts a clear path for future studies, discussing potential areas for
innovation

24 A SMART GRID - BASED HOME ENERGY AWARE SYSTEM

The primary advantage of utilizing power-utility-owned smart meters lies in their ability to transmit
electrical energy consumption data to remote data centers, serving various purposes such as billing. Additionally,
there are several valuable consumer- centric applications for collecting and analyzing consumers' energy
consumption data from smart meters. One notable use case is home automation. While existing home
automation solutions often rely on costly sensor installations for tasks like home security and healthcare,
leveraging smart meter data, which reflects residents' daily energy consumption patterns, opens new
possibilities for energy-based home automation. In this study, a Smart Home Energy Management System
(SHEMS) is proposed, employing a parallel-processing, GPU-accelerated neurocomputing-based time-series
load modeling and forecasting mechanism. Energy decomposition techniques enable the modeling of
appliance-level energy consumption from circuit-level data, eliminating the need for intrusive plug-level
power meters. The neurocomputing approach, comparing autoregressive multilayer perceptron and stacked
long short-term memory methodologies, allows for the prediction of residents' daily behavioural patterns by
analyzing and modelingrelevant electrical appliances' past trends for smart home automation

2.5 SMART HOME POWER MANAGEMENT BASED ON INTERNET OF THINGS AND SMART
SENSOR NETWORK

The primary advantage of power-utility-owned smart meters is their capability to transmit electrical energy
consumption data to remote data centers, serving various functions like billing. Additionally, consumer-
centric applications can leverage this data for useful purposes. One such application is home automation,
which traditionally relies on costly sensor installations for tasks like home security and healthcare. However,
by analyzing electrical energy consumption patterns obtained from smart meter data, a new approach to home
automation can be developed. In this study, a Smart Home Energy Management System (SHEMS) is
proposed, utilizing parallel-processing and GPU-accelerated neurocomputing for time-series load modeling
and forecasting. This approach aims to create a more efficient and cost-effective solution for smart home
automation
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26 INTELLIGENT EDGE- BASED RECOMMENDER SYSTEM FOR INTERNET OF ENERGY
APPLICATIONS

Preserving energy in homes and office buildings presents a significant challenge, exacerbated by
dwindling energy resources, escalating environmental concerns, and limited adoption of energy-saving
technologies. Additionally, COVID-19 social distancing measures have shifted energy demand from
commercial to residential areas, resulting in increased consumption and costs, impacting customers
economically. To address these challenges, there's a need for an Internet of Things (IoT) ecosystem that
monitors energy consumption habits and offers timely recommendations for energy efficiency. This paper
proposes integrating an energy efficiency framework into the Home-Assistant platform using an edge-based
architecture, allowing end-users to visualize consumption patterns and environmental data. Unlike
traditional approaches that focus solely on prevention or productivity measures, this framework adopts a
more nuanced perspective, considering individual differences influencing energy-saving behaviour. By
providing evidence-based insights and actionable recommendations, the project aims to enhance user
adoption and effectiveness of energy-saving techniques. Notably, the use of edge devices ensures better
privacy preservation by processing data locally, without the need for transmission to remote servers as
required by cloud platforms.

2.7 LOAD DISAGGREGATION BASED ON TIME WINDOW FOR HEMS APPLICATION

Efficiently managing energy in residential settings poses a consistent challenge, where Home Energy
Management Systems (HEMS) play a crucial role in optimizing consumption. Load recognition enables the
identification of active appliances, enhancing the robustness of HEMS. However, achieving precise appliance
identification remains an area with room for improvement. Addressing gaps in classification performance and
reliability enhancement, this study enhances various aspects of load recognition in HEMS applications. To
extract relevant features and improve separability between classes, Neighborhood Component Analysis
(NCA) is employed. Additionally, the Regularized Extreme Learning Machine (RELM) is utilized for
accurate identification of household appliances

28 WATT’S UP AT HOME?

Smart meter data analytics from a consumer-centric perspective,” Volker et al. explore the realm of smart
meter data analytics, with a focus on the consumer's viewpoint. They delve into various aspects such as
energy consumption patterns, user behavior analysis, and the potential benefits of utilizing smart meter data
for consumers. By providing insights into how smart meter data can empower consumers to make informed
decisions about their energy usage, the study aims to promote more efficient and sustainable energy
consumption practices.

To contextualize their study within existing research on smart meter data analytics, Volker et al. conduct
a thorough literature review. They examine previous studies that have explored similar topics, highlighting
key findings, methodologies, and gaps in knowledge. By synthesizing these findings, the authors establish
the groundwork for their own study and identify areas where their research can contribute novel insights or
address existing limitations in the field. Additionally, they may discuss theoretical frameworks or models
that inform their approach to analyzing smart meter data from a consumer-centric perspective. This
comprehensive literature review provides readers with a deeper understanding of the research context and
underscores the significance of the study's contributions to the field of energy analytics
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29 AN ADVANCED HOME ENERGY MANAGEMENT SYSTEM FACILIATED BY NON-
INTRUSIVE LOADMONITORING WITH AUTOMATED MULTI OBJECTIVE POWER
SCHEDULING

Lin and Tsai's study introduces an advanced home energy management system that utilizes nonintrusive load
monitoring (NILM) in conjunction with automated multi-objective power scheduling. The primary objective
is to optimize energy consumption within households by monitoring individual appliance usage without the
need for intrusive sensors. The system aims to efficiently schedule power usage while considering multiple
objectives such as minimizing costs, reducing peak demand, and maximizing user comfort.

The paper likely conducts a comprehensive review of existing literature on home energy management
systems, NILM technology, and multi-objective optimization techniques to contextualize their research and
emphasize the novelty and significance of their proposed approach. It delves into previous research in the
field, including studies on load monitoring techniques, optimization algorithms, and the integration of smart
grid technologies. The authors likely discuss the challenges and limitations of current approaches and identify
gaps in the literature that their proposed system aims to address. Additionally, they may explore related work
on multi-objective optimization methods in other domains to provide insights into the applicability and
effectiveness of such techniques in the realm of home energy management

2.10 RESIDENTIAL CONSUMER-CENTRIC DEMAND-SIDE MANAGEMENT BASED
ON ENERGY DISAGGREGATION - PILOTING CONSTRAINED INTELLIGENCE

Demand Response (DR) endeavours to incentivize end consumers to adjust their energy usage patterns in
response to fluctuations in electricity prices or when the reliability of the electrical power system (EPS) is
compromised. While many proposals in the literature primarily focus on reducing costs for end consumers,
this article introduces a home energy management system (HEMS) designed to schedule the use of each
home appliance based on real-time electricity prices (RTP) and consumer satisfaction/comfort levels to
ensure EPS stability and safety. The paper presents a multi-objective DR optimization model formulated as a
nonlinear programming problem with constraints and solved using the Non-Dominated Sorted Genetic
Algorithm (NSGA-II) to determine appliance scheduling for the given time horizon. This model not only
aims to minimize electricity consumption costs but also to minimize inconvenience for residential
consumers. Additionally, it is anticipated that the model will result in a more uniform demand profile with
fewer peaks in the system, potentially leading to a more reliable and safer EPS operation.

I11.  EXISTING SYSTEM

The existing system for the integration of Smart Sensors in Home Automation involves a multifaceted
approach encompassing various devices and technologies. Smart Home Hubs, such as those provided by
Amazon Echo, Google Home, and Apple HomeKit, serve as central platforms for communication and control.
These hubs facilitate the coordination of different smart devices, including motion detectors, door/window
sensors, and smart cameras. The goal is to enable automated control of various home functions, such as
lighting, thermostat settings, and security, based on inputs from these sensors. In the realm of Water
Conservation through Smart Irrigation Systems, advanced technologies are employed to optimize water
usage in outdoor spaces. Smart Sprinkler Controllers, exemplified by products like Rachio and Rain
Machine, utilize data from weather conditions and soil moisture sensors to dynamically adjust watering
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schedules. This ensures that irrigation is precisely tailored to the specific needs of plants, promoting efficient
water use. Water Leak Detection and Prevention systems are integral for safeguarding homes against water
damage. Smart Leak Detectors, such as the ones manufactured by Flo by Moen or Hon-eywell, employ
sensors to identify leaks and promptly alert homeowners via smartphone notifications. Some systems even
feature Automatic Shut-off Valves, such as the Phyn Plus, which can autonomously cut off the water supply in
the event of a detected leak, preventing further damage. The integration of Emotional Ambient Lighting in
Smart Homes introduces a human centric element to the smart home environment. This is often achieved
through Smart Lighting Systems like Philips Hue and LIFX, offering color-changing bulbs that can be
synchronized with music, movies, or programmed to create specific lighting moods. Additionally,
customizble LED strips, exemplified by products like the Philips Hue Light strip, provide a versatile means
of incorporating ambient lighting into various spaces within the home. The seamless functioning of these
systems is typically facilitated by 10T (Internet of Things) technology,allowing for the interconnectedness of
devices and centralized control. Machine learning algorithms may also play a role in enhancing the
adaptability of these systems based on user preferences. Overall, the existing ecosystem of smart sensors for
home automation and related applications underscores a convergence of technologies aimed at improving
convenience, efficiency, and resource conservation in modern households.

V. LIMITATIONS IN EXISTING SYSTEM

e Limited Intelligence: Conventional home automation systems lack the advanced artificial intelligence
capabilities present in the proposed Al-Enhanced Smart Living system. This limitation hinders the
system's ability to learn and adapt to residents' preferences over time.

e Inefficient Energy Usage: Without the optimization features of smart sensors, existing systems may
result in inefficient energy usage. They often lack the ability to dynamically adjust the home environment
based on occupancy and other factors.

e Sustainability Gaps: The absence of advanced irrigation systems means existing setups may not
prioritize water conservation practices. This results in less efficient use of water resources in outdoor
spaces.

e Limited Safety Measures: The lack of water leak detection sensors in traditional systems leaves homes
vulnerable to potential water damage. Automated preventive measures are absent, exposing residents to
the risk of substantial property damage.

e Static Ambiance: Traditional home automation systems may lack the dynamic ambient lighting
adjustments seen in the proposed system. This limitation means a less personalized and emotionally
responsive living space.

e Aesthetic Compromises: Without the advanced control mechanisms of smart irrigation systems,
existing setups may struggleto balance water conservation with the preservation of outdoor aesthetics.

e Less Comprehensive Integration: Conventional home automation systems often lack the holistic integration
of smart features, resulting in a less cohesive and comprehensive user experience.

e Reduced User Satisfaction: The limitations in adaptability, sustainability, and safety may contribute to
reduced user satisfaction as residents miss out on the enhanced living experiences provided by the
proposed Al-Enhanced Smart Living system
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V. PROBLEM STATEMENT

The modern living environment faces multifaceted challenges concerning safety, resource management, and
occupant well-being, necessitating innovative solutions. Water leak detection systems are critical in averting
property damage and health risks caused by undetected leaks, yet current methods often lack real-time
monitoring and proactive alerts. Similarly, gas leak detection systems are essential for ensuring occupant
safety, yet they frequently lack the efficiency and accuracy needed to promptly detect leaks and prevent
hazards. Conventional irrigation practices contribute to water wastage and environmental strain, highlighting
the urgent need for smart irrigation systems capable of optimizing water usage and maintaining healthy
landscapes.Meanwhile, traditional lighting systems fail to provide adaptable and emotionally engaging
environments, underscoring the demand for innovative ambient lighting solutions that can dynamically adjust
to occupants' moods and activities. Addressing these challenges requires a holistic approach that integrates
water leak detection, gas leak detection, smart irrigation systems, and emotional ambient lighting into a
unified solution, thereby enhancing safety, resource efficiency, and occupant wellbeing in diverse living and
working environments.

VI. PROPOSED SYSTEM

The proposed Al-Enhanced Smart Living system is ground breaking advancement in home automation,
leveraging artificial intelligence to redefine the residential experience. This comprehensive system integrates
smart sensors, irrigation systems, water leak detection, gas leak detection and emotional ambient lighting to
create an intelligent and responsive living environment
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Figure 1. System Block Diagram

6.1 Emotional ambient lighting

The Emotional Ambient Lighting Module is a cutting-edge component designed to revolutionize
indoor environments by dynamically adjusting lighting to match occupants' emotional states and preferences.
Incorporating advanced sensors and artificial intelligence algorithms, this module detects subtle cues such as
facial expressions to gauge occupants' emotional well-being in real- time. By analyzing this data, the system
can create personalized lighting experiences tailored to enhance mood, productivity, and overall comfort.
Whether it's creating a calming atmosphere for relaxation, boosting energy levels during work sessions, or
setting the mood for social gatherings, the Emotional Ambient Lighting Module adapts seamlessly to meet
diverse needs. Additionally, the module integrates with smart home automation platforms, allowing users to
control lighting settings remotely via mobile apps or voice commands. With its intuitive design and ability to
create emotionally engaging environments, the Emotional Ambient Lighting Module represents a paradigm shift
in how we interact with and experience lighting in our daily lives, fostering greater well-being and
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satisfaction for occupants in homes, offices, and public spaces alike.

6.2 Water leak detection

Water leak detection utilizing sensors is a sophisticated approach to safeguarding properties against water
damage. Strategically positioned sensors, including moisture sensors, are deployed in areas vulnerable to
leaks such as bathrooms, kitchens, and utility rooms. These sensors continuously monitor for any signs of
water presence, irregular flow rates, or fluctuations in water pressure. Connected to a central monitoring
system or microcontroller, the sensors transmit data in real-time, enabling swift detection of potential leaks.
Upon detecting anomalies indicative of a leak, the monitoring system promptly triggers alerts through
various channels such as SMS, notifications, ensuring timely intervention. Advanced systems can integrate
with smart home automation platforms to enable automatic water supply shut-off, mitigating further damage.
Moreover, remote monitoring and control functionalities empower users to access sensor data and receive
alerts from anywhere, facilitating quick response and resolution. By providing early detection and
intervention, water leak detection systems not only prevent costly property damage but also conserve water
resources and enhance overall safety and peace of mind for homeowners and building occupants.

6.3 Gas leak detection

Gas leak detection systems are vital safety measures deployed in various environments to identify
and mitigate the risks associated with the release of hazardous gases. These systems are composed of
multiple components working together seamlessly to provide reliable detection and timely alerts. At the core
of these systems are gas sensors, which come in various types sensors. These sensors are strategically placed
in areas where gas leaks are most likely to occur, including kitchens, utility rooms, boiler rooms, and
industrial facilities. They continuously monitor the surrounding air for changes in gas concentration levels,
providing real-time data to a central monitoring system or control panel. This monitoring system analyzes
the sensor data and employs sophisticated algorithms to detect any anomalies indicative of a gas leak. Upon
detecting a potential gas leak, the system triggers alarms or alerts using various mechanisms such as audible
alarms, visual indicators, and remote notifications via SMS, email, or mobile app notifications. In critical
applications or high-risk environments, gas leak detection systems may also be integrated with automatic
shut-off valves or systems. These automatic shut-off mechanisms can swiftly cut off the gas supply upon
detecting a leak, helping to prevent accidents, fires, explosions, and health hazards. Additionally, regular
maintenance, calibration, and testing of gas leak detection systems are essential to ensure their reliability and
accuracy. This includes periodic sensor calibration, equipment inspection, and testing of alarm functionality.
By providing early detection and timely alerts, gas leak detection systems play a crucial role in safeguarding
the safety of occupants and minimizing the potential risks associated with gas leaks in residential,
commercial,and industrial settings.

6.4 Smartirrigation

A smart irrigation system utilizing moisture sensors represents a transformative approach to water
management in agriculture and landscaping. At its core, this system integrates moisture sensors into the soil,
strategically positioned across fields or gardens to measure soil moisture levels accurately and in real-time.
These sensors continuously monitor the moisture content of the soil, providing valuable data to a
microcontroller. The control unit analyzes this data, considering factors such as plant type, weather conditions,
and evapotranspiration rates, to determine precise irrigation requirements. By leveraging this information,
the smart irrigation system optimizes watering schedules, ensuring that plants receive the right amount of
water at the right time, thus maximizing growth while minimizing water wastage. Moreover, these systems
often incorporate weather forecast data to adjust irrigation schedules dynamically, responding to changing
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environmental conditions and further enhancing water efficiency. Additionally, many smart irrigation
systems offer remote monitoring and control capabilities, allowing users to access and manage the system
from anywhere via smartphone apps or web interfaces. This enables farmers, landscapers, or homeowners to
monitor soil moisture levels, adjust irrigation settings, and receive alerts or notifications about system status
or potential issues in real-time. Overall, smart irrigation systems using moisture sensors represent a
sustainable and intelligent approach to water management, promoting water conservation, optimizing plant
growth, and improving crop yields while reducing environmental impact and operational costs.

VII.  RESULTS AND DISCUSSION

The integration of water leak detection, gas leak detection, smart irrigation, and emotional ambient lighting
systems has yielded promising results in enhancing safety, efficiency, and comfort across various
environments. The water leak detection system effectively detected and alerted users to potential leaks in
real-time, thereby minimizing property damage and preventing health hazards. By strategically placing
sensors in vulnerable areas such as bathrooms and kitchens, the system provided early detection, while
integration with smart home automation platforms enabled automatic water shut-off, further mitigating risks.
Similarly, the gas leak detection system demonstrated its ability to promptly identify and respond to gas
leaks, ensuring occupant safety and preventing potential hazards. Deploying sensors in critical areas such as
kitchens and utility rooms facilitated reliable monitoring of gas concentrations, triggering alarms and alerts
upon detecting abnormal levels. Integration with automatic shut-off mechanisms further enhanced safety
measures, minimizing the risk of fires or explosions. Moreover, the smart irrigation system showcased its
capability to optimize water usage and promote plant growth. By leveraging moisture sensors and weather
data, the system delivered precise irrigation schedules tailored to specific plant needs, conserving water
resources while maximizing crop yields. Additionally, the emotional ambient lighting system significantly
enhanced the ambiance and mood of indoor environments. By dynamically adjusting lighting based on
occupants' emotional states and preferences, the system created personalized and engaging lighting
experiences, contributing to overall well-being and comfort. Collectively, these integrated systems offer a
holistic solution to address the challenges of modern living, fostering safer, more efficient, and more
enjoyable environments for occupants.
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