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Abstract 

            The project “Intelligent Living Space: Experience the Future” presents a real-time fully 

automated smart home system designed to improve comfort, safety, and energy efficiency. The 

proposed system integrates multiple Internet of Things (IoT) and Artificial Intelligence (AI) 

based modules, where all household devices are connected through a centralized control unit. 

Users can monitor and control the system remotely using a mobile application or voice 

commands. 

The system consists of several smart modules, including a Smart Entrance and Security 

System with automatic gates, smart locks, and surveillance; Smart Lighting based on motion 

and natural light; Climate Control and Energy Management for efficient power usage; Smart 

Kitchen with appliance automation and gas leak detection; Smart Water Management; and 

Smart Plant Watering using soil moisture sensors. Additional modules such as Smart Bathroom, 

Smart Bedroom, and Entertainment and Multimedia Control further enhance user convenience 

and lifestyle. 

All modules are interconnected using sensors and actuators through Wi-Fi and MQTT 

communication protocols, with a central controller based on ESP32 or Raspberry Pi. The 

proposed intelligent living space enables automation, real-time monitoring, predictive control, 

and optimized energy usage, providing a sustainable and futuristic smart home solution. 
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Introduction 

An Intelligent Living Space represents a modern approach to home automation that 

aims to improve comfort, safety, convenience, and energy efficiency. In today’s fast-paced 

world, people expect their homes to support daily activities by reducing manual effort and 

offering better control over household systems. Conventional homes depend largely on manual 

operation of lighting, appliances, security, and utilities, which often leads to energy wastage, 

higher operating costs, and limited monitoring. To address these limitations, smart home 

technologies have emerged as an effective solution by enabling automated and intelligent 

control of residential environments. 

With advancements in the Internet of Things (IoT), Artificial Intelligence (AI), and 

wireless communication, smart homes are becoming more reliable, affordable, and user-

friendly. These systems allow users to remotely monitor and manage home appliances, security 

systems, and utilities using mobile applications or voice-based interfaces. As a result, homes 

are no longer passive structures but intelligent environments that can sense, analyse, and 

respond to user needs in real time. The growing demand for comfort, safety, and sustainable 

living has significantly increased interest in intelligent living spaces. 

The project titled “Intelligent Living Space: Experience the Future” focuses on 

developing a fully automated and integrated smart home system using IoT and AI technologies. 

The proposed system is organized around a central control unit that connects multiple sensors, 

actuators, and smart devices installed throughout the home. Controllers such as ESP32 and 

Raspberry Pi collect real-time environmental data, process it, and perform automated actions 

based on predefined rules and learned user behaviour. Wireless communication technologies 

ensure fast and reliable data exchange between devices. Users can interact with the system 

through a mobile dashboard or voice assistants such as Google Assistant and Amazon Alexa, 

allowing convenient control from anywhere. 

A major advantage of the proposed system is its modular architecture, which divides 

the home into functional units. The Smart Entrance and Security module includes automatic 

gate control, smart door locks, motion detection, facial recognition, and instant alert 

mechanisms, enhancing home safety. The Smart Lighting system adjusts lighting based on 
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occupancy and natural daylight, reducing unnecessary energy consumption. The Climate 

Control module automatically regulates temperature and humidity by controlling fans, air 

conditioners, and heaters to maintain comfort while optimizing power usage. 

The system also includes an Energy Management module that monitors appliance-level 

power consumption and supports integration with renewable energy sources such as solar 

panels. The Smart Kitchen module provides appliance automation and gas leak detection to 

improve safety. Smart Water Management prevents overflow, detects leakage, and ensures 

efficient water usage, while the Smart Plant Watering system uses soil moisture sensing for 

automated irrigation. Additional smart modules for bedrooms, bathrooms, entertainment, and 

waste management further enhance convenience, hygiene, and personalized living. 

Over time, the Intelligent Living Space adapts to user behaviour by learning daily routines such 

as preferred lighting levels, room occupancy patterns, and temperature settings. This predictive 

and context-aware functionality makes the system more efficient than traditional automation 

systems, as it minimizes user intervention while improving comfort and reducing resource 

wastage. 

Overall, this project aims to create a sustainable, secure, and user-centric home 

environment where technology operates seamlessly in the background. By integrating IoT, AI, 

and intelligent control mechanisms, the proposed system demonstrates how modern homes can 

contribute to energy conservation, improved quality of life, and future smart city development. 

 

Problem Statement 

Modern urban homes demand comfort, safety, convenience, and energy efficiency, yet 

most conventional residences rely on manual operation of lighting, appliances, security, and 

utilities. This leads to higher energy consumption, increased costs, inconvenience, and potential 

safety risks. The lack of centralized control and intelligent automation makes optimized and 

sustainable home management difficult, increasing the burden on residents. 

Existing home automation solutions are often expensive, complex, and limited in 

functionality. They rarely provide seamless integration across modules, adapt to environmental 

changes, or support real-time decision-making. Poor interoperability and minimal user-centric 

features prevent these systems from delivering a unified smart home experience. 

The main challenge is to design an affordable, modular, and integrated smart home 

system that manages lighting, climate, security, kitchen safety, water, and entertainment 

through a single platform. The system should support real-time monitoring, intelligent control, 
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secure communication, remote and voice access, and predictive automation based on user 

routines. 

 

Literature Review 

Rahman and Zhong [1] studied machine learning techniques for smart lighting and 

showed that lightweight rule-based control combined with cloud-based learning can achieve 

significant energy savings. Filipe and Peres [2] explored voice-activated smart home control 

using ESP32, emphasizing secure command routing and low-latency user interaction through 

mobile and voice interfaces. 

Jabbar and Kian [3] presented a modular IoT-based smart door lock system, 

highlighting secure hardware interfacing and scalable subsystem design. Ahmed and Ali [4] 

proposed an ESP32-based automation framework with efficient task scheduling to ensure real-

time performance when handling multiple sensors. 

Security-focused designs were discussed by Irugalbandara and Naseem [5], stressing 

authentication and encrypted communication for safe remote control of appliances. Kakani and 

Kulkarni [6] demonstrated ESP32 cloud integration using MQTT, emphasizing fail-safe 

operation during network outages. 

Trunti and Težak [7] provided practical hardware design guidelines for ESP32 sensor 

nodes, improving sensing accuracy and system reliability. Dey et al. [8] reviewed smart home 

architectures and communication protocols, supporting informed choices between edge and 

cloud processing. 

Chitukula et al. [9] introduced anomaly detection techniques for improved smart home 

safety, while John [10] outlined best practices to reduce false alerts and improve system 

stability. Majeed et al. [11] emphasized context-aware automation and secure telemetry, and G. 

K. N. et al. [12] demonstrated that hybrid Wi-Fi and Bluetooth communication enhances 

reliability and responsiveness. 

 

System Design 

The proposed Intelligent Living Space system is designed as a centralized and modular 

smart home automation framework based on the ESP32 microcontroller. The ESP32 functions 

as the core control unit, responsible for acquiring sensor data, executing automation logic, and 

controlling household devices in real time. Multiple IoT modules—such as smart lighting, 

Journal of Systems Engineering and Electronics  (ISSN NO: 1671-1793) Volume 36 ISSUE 1 2026

PAGE NO: 395



climate control, kitchen safety, security, energy monitoring, and water management—are 

integrated into the system. 

Wireless communication is achieved using Wi-Fi, enabling real-time monitoring and 

remote control through a mobile application or web dashboard. Sensors continuously monitor 

environmental parameters such as motion, temperature, humidity, gas leakage, water levels, 

and light intensity. Based on sensor inputs and predefined rules, the system automatically 

performs control actions and sends alerts when required.  

 

Main Modules 

The proposed Intelligent Living Space system consists of multiple interconnected smart 

modules that work together under the coordination of a central IoT hub based on the ESP32 

microcontroller. This hub acts as the main processing and decision-making unit, ensuring 

seamless communication between sensors, actuators, cloud services, and user interfaces. 

The Smart Entrance and Security Module provides advanced access control using RFID 

cards, password authentication, facial recognition, and mobile application support. Motion 

sensors and surveillance cameras continuously monitor entry points and surrounding areas. 

When suspicious activity is detected, the system triggers alarms, activates electronic locks, and 

sends real-time alerts with live video streaming to the user, significantly improving home 

security. 

The Smart Lighting Module utilizes PIR sensors to detect occupancy and LDR sensors 

to measure ambient light intensity. Based on these inputs, lights are automatically switched on 

or off to ensure comfort and minimize unnecessary energy usage. The module also supports 

manual override, scheduling, and remote control through a mobile application. 

The Climate Control Module maintains indoor comfort by continuously monitoring 

temperature and humidity levels. According to predefined thresholds or user preferences, the 

system automatically controls fans, air conditioners, heaters, and ventilation systems, ensuring 

a comfortable and healthy living environment. 

The Energy Management Module measures real-time power consumption using voltage 

and current sensors connected to household loads. Collected data is analyzed to identify usage 

patterns, prevent overload conditions, and optimize energy distribution. The module also 

supports integration with renewable energy sources, promoting sustainable energy utilization. 

The Smart Kitchen Module focuses on safety and automation by detecting gas leakage 

and smoke using dedicated sensors. In emergency situations, the system automatically shuts 
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off gas valves, activates exhaust fans, and sends immediate alerts to the user to prevent 

accidents. 

The Smart Water Management Module monitors water tank levels and flow rates to 

control pumps automatically. It prevents overflow, detects leakage, and ensures efficient water 

usage throughout the house. 

The Smart Plant Watering Module uses soil moisture sensors to automate irrigation. 

Watering is performed only when required, maintaining healthy plant growth while conserving 

water. 

The Smart Living Areas Module integrates bedroom, living room, bathroom, and 

entertainment functions. It supports automated lighting, smart curtains, multimedia control, 

touchless water operation, humidity-based ventilation, and personalized comfort modes. 

The Smart Waste Management Module employs ultrasonic sensors to monitor bin levels and 

sends notifications when waste bins are full, supporting cleanliness and efficient waste 

disposal. 

At the core of the entire system, the Central IoT Hub handles data acquisition, 

automation logic, device control, and secure communication with mobile and web dashboards 

via Wi-Fi, enabling real-time monitoring, remote access, and intelligent home automation. 

 

System Operation 

The Intelligent Living Space System operates through seamless coordination between 

multiple ESP32-based sensing and control modules distributed across the home. Each module 

is designed to perform a specific function independently, while remaining continuously 

connected to the central IoT hub for synchronized operation. This centralized coordination 

ensures real-time responsiveness and smooth system behavior. 

Sensors installed in different areas of the house continuously monitor environmental 

parameters such as motion, light intensity, temperature, humidity, gas concentration, water 

level, and soil moisture. The sensed data is transmitted wirelessly to the ESP32 controller using 

Wi-Fi-based communication. This real-time data collection enables the system to detect even 

small changes in environmental conditions instantly. 

When sensor readings cross predefined threshold values, the ESP32 executes 

automation rules without user intervention. For example, lights automatically turn on when 

motion is detected in low-light conditions, and they turn off when no occupancy is sensed. 
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Similarly, fans, air conditioners, or heaters are activated based on temperature and humidity 

levels to maintain indoor comfort. 

In safety-critical situations such as gas leakage, smoke detection, or unauthorized entry, 

the system immediately triggers alarms, activates exhaust fans or locking mechanisms, and 

sends emergency notifications to the user’s mobile device. These rapid responses help prevent 

accidents and enhance household safety. 

Water management operations are handled intelligently by monitoring tank levels and 

flow rates. The ESP32 switches pumps on or off automatically to avoid overflow, leakage, or 

dry running. The plant watering system also operates autonomously by activating irrigation 

only when soil moisture drops below the desired level. 

A user-friendly mobile or web dashboard provides real-time visualization of sensor 

data, device status, and system alerts. Users can manually control appliances, adjust threshold 

values, enable or disable automation modes, and schedule operations according to their 

preferences. 

The system supports both automatic and manual modes, ensuring flexibility for the user. 

All data communication between devices, cloud services, and user interfaces is encrypted to 

ensure secure and reliable operation. 

The modular design allows easy expansion of the system by adding new sensors or 

modules without disturbing existing functionality. Scheduled tasks such as night-mode 

lighting, energy-saving routines, and security monitoring run continuously in the background. 

Self-diagnostic and fault-detection mechanisms monitor sensor health, connectivity status, and 

actuator response. If any abnormal behavior or failure is detected, the system immediately 

informs the user through alerts. 

All sensor readings, events, and operational logs are stored for future analysis, enabling 

performance optimization and improved decision-making. Overall, every subsystem works in 

coordination to create a smart, adaptive, and intelligent living environment where the home 

automatically responds to user habits, environmental changes, and safety requirements. 
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Block Diagram — Intelligent Living Space 
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Block Diagram Explanation 

The block diagram of the Intelligent Living Space represents a centralized smart home 

automation architecture coordinated by an ESP32-based Central IoT Hub. All sensing, 

processing, communication, and control operations are performed through this hub, ensuring 

synchronized and intelligent system behaviour. 

Various sensors installed throughout the home—such as PIR motion sensors, LDRs, 

temperature and humidity sensors, gas sensors, water level sensors, soil moisture sensors, and 

ultrasonic sensors—continuously collect real-time environmental and operational data. This 

data is transmitted wirelessly to the ESP32 through Wi-Fi. The ESP32 processes the sensor 

inputs using predefined automation rules and decision logic. 

Based on the processed data, the ESP32 controls multiple actuators, including relays, 

motors, solenoid valves, pumps, exhaust fans, alarms, lighting units, and door locks. For 

example, motion detection triggers security alerts, lighting is adjusted based on occupancy and 

daylight, climate devices respond to temperature and humidity variations, gas leakage activates 

safety mechanisms, and water pumps operate automatically based on tank levels. 

The system also integrates an energy monitoring block, where voltage and current 

sensors measure appliance-level power consumption. This information is used for load 

optimization, overload protection, and long-term energy analysis. Safety-critical modules such 

as kitchen gas detection and water leakage monitoring generate instant alerts and initiate 

automatic protective actions. 

A cloud platform is connected to the ESP32 for data storage, visualization, and 

analytics. Long-term sensor data enables usage analysis, anomaly detection, and predictive 

automation. Users interact with the system through a mobile application or web dashboard, 

which provides real-time monitoring, alerts, remote control, and manual override options. 

Voice assistants can also be integrated for hands-free operation. 

Overall, the block diagram demonstrates a modular, scalable, and fully integrated smart 

home architecture, where all modules communicate seamlessly with the ESP32 hub. This 

design ensures real-time responsiveness, improved safety, optimized resource usage, and 

enhanced user comfort, transforming a conventional house into an intelligent living space. 
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Flowchart of System Operation 
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Flow Chart Explanation 

The flow chart illustrates the complete operational workflow of the Intelligent Living 

Space system. The process begins with system initialization, where the ESP32 hub, sensors, 

and communication modules are activated and prepared for operation. 

Once initialized, various sensors continuously collect real-time environmental data 

such as motion, light intensity, temperature, humidity, gas presence, water level, and soil 

moisture. This data is transmitted to the ESP32 hub, where it is processed by filtering noise 

and comparing sensor readings with predefined threshold values. 

Based on the processed data, the system enters the decision-making stage. The ESP32 

determines the appropriate response according to current conditions. The workflow then 

follows one of two paths: user-controlled operation or automatic operation. In user-controlled 

mode, commands are received through a mobile application or voice interface.  

The selected actions are executed in the device operation stage, where actuators such 

as relays, motors, alarms, valves, and lighting units respond accordingly. After execution, the 

system enters a monitoring and feedback stage, where sensors reassess the environment to 

verify the effectiveness of the performed actions. 

This feedback loop enables continuous monitoring and self-correction, ensuring 

reliable and stable operation. The cycle then repeats continuously, allowing the system to 

remain active, adaptive, and responsive to changing conditions within the home environment. 

 

Conclusion 

The Intelligent Living Space project demonstrates an efficient, secure, and modular IoT-

based home automation system. By integrating smart modules such as automated lighting, 

climate control, security, water and waste management, and appliance control, the system 

enhances convenience, safety, and energy efficiency. The central ESP32 hub enables real-time 

data processing, decision-making, and seamless coordination among sensors, actuators, and 

user interfaces. 

The project highlights the potential of IoT in transforming conventional homes into 

adaptive, eco-friendly, and user-centric living spaces. Its modular and scalable architecture 

ensures suitability for real-world deployment, research, and future commercial applications. 

With further integration of machine learning, predictive analytics, advanced security, 

and renewable energy management, the system can evolve into a fully autonomous smart home 

ecosystem, paving the way for sustainable and intelligent residential environments. 
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