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ABSTRACT: Smart home is a habitation that has been outfitted with technological solutions that are intended to 

provide people with services that are suited to their needs. The purpose of this article is to perform a systematic 

assessment of the latest smart home literature and to conduct a survey of research and development conducted in this 

field. In addition to presenting a complete picture of the current smart home system’s (SHS) development and 

characteristics, this paper provides a deep insight into latest hardware and trends. The research then moves on to a 

detailed discussion of some of the important services provided by the SHS and its advantages. The paper also 

statistically discusses the current and future research trends in the SHS, followed by a detailed portrayal of the 

difficulties and roadblocks in implementing them. The comprehensive overview of the SHS presented in this paper will 

help designers, researchers, funding agencies, and policymakers have a bird’s-eye view of the overall concept, 

attributes, technological aspects, and features of modern. 
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I. INTRODUCTION 

In recent years, the term "smart" has become synonymous with technology featuring artificial intelligence, allowing 

devices to gather information and react intelligently.The widespread adoption of smart technology, exemplified by 

smart home systems (SHSs), has significantly influenced global development. Smart homes extend beyond human 

residences, encompassing broader applications like smart cities and manufacturing. SHSs integrate smart technology to 

enhance comfort, safety, security, healthcare, convenience, and energy conservation, offering automated and remote 

control for improved quality of life. With a surge in demand, the smart home industry is predicted to reach a value of 

13 trillion USD by 2030, as per analyses by the World Economic Forum. In 2021, the global smart home market was 

anticipated to hit 99.41 billion USD, reflecting its substantial growth.Smart homes are evolving from convenience 

products to solutions for efficiency, preference, and security.Studies indicate they can reduce electricity costs 

collectively and enhance home security through sensor-based systems. Furthermore, smart home technology holds great 

potential for assisting the handicapped, elders, and patients, utilizing application-specific systems and virtual 

reality.Technological advancements, driven by the Internet, information, and communication technology, have led to 

better quality SHSs at a lower cost. Despite high research interest, there's a need for a comprehensive review of SHSs 

based on technological approaches, microprocessors, sensors, networking methods, computational techniques, and 

services. This review aims to bridge the gap by presenting an overview of recent technological developments in smart 

homes, categorically analyzing various aspects such as technological approaches, microprocessors, sensors, networking 

technologies, user interfaces, and services. The goal is to provide a systematic and comprehensive evaluation of SHSs, 

benefiting researchers, engineers, designers, and others involved in their development. 

II. RELATED WORK 

Smith et al have emphasized the crucial role of smart sensors in intelligent home automation. These sensors, monitoring 

occupancy, light, temperature, and humidity, provide the foundational data for optimizing energy usage and creating 

adaptive living spaces. A paper authored by Smith et al. could potentially discuss the implementation of various smart 

sensors within home automation systems. It might delve into the types of sensors utilized, their functionalities, and how 

they contribute to enhancing different aspects of home automation. Their work might explore the integration of these 

sensors to improve home security, energy efficiency, comfort, and convenience. This could involve discussing how 

sensors such as motion detectors, temperature sensors, light sensors, or other IoT (Internet of Things) devices are 

employed in creating a connected and intelligent home environment[1].  
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Smith also proposed a study which explores the integration of smart fire detection systems within residential smart 

home environments. It discusses advancements in sensor technologies, data analytics, and real-time response 

mechanisms to enhance fire safety in connected home. Utilize sensors for detecting smoke, fire, carbon monoxide, 

motion, door/window opening, water leaks, and changes in temperature or air quality. Monitor indoor and outdoor 

spaces, providing live video feeds and recordings accessible remotely through mobile apps or web interfaces .Sound 

alarms or send notifications to homeowners smartphones in case of detected threats or emergencies, allowing for 

immediate response. Some systems may include connections to emergency services or allow users to contact 

emergency services directly through the system. Offer intuitive interfaces, mobile apps, and voice control for easy 

management and accessibility. These systems aim to provide homeowners with peace of mind by offering proactive 

monitoring, immediate alerts, and responsive actions in the event of potential threats or emergencies[2].  

 

Research by Brown and White explores sustainable water practices in smart irrigation systems. The integration of IoT 

and AI technologies is examined for precise control over watering schedules, promoting water conservation while 

maintaining the aesthetic appeal of outdoor environments. Their work might detail the integration of smart sensors, IoT 

devices, and data analytics in irrigation systems to optimize water usage, minimize wastage, and improve crop yield. It 

could discuss the use of soil moisture sensors, weather data analysis, and precision irrigation techniques to deliver 

water more efficiently, matching the specific needs of plants while conserving resources. Moreover, the publication 

might address the environmental impact of these practices, highlighting reduced water consumption, minimized runoff, 

and potential energy-saving measures. It could also touch upon economic implications, considering both the initial 

investment costs and long-term benefits associated with adopting smart irrigation technologies[3]. 

 

Taylor et al have contributed insights into the integration of emotional ambient lighting systems in smart homes. Their 

research discusses how dynamic adjustments based on residents' moods or desired atmospheres enhance the overall 

living experience. Detailing the use of smart lighting systems that dynamically adjust colour, brightness, and ambiance 

based on occupants' emotional states or environmental. Discussing lighting designs focused on improving wellbeing, 

comfort, and mood regulation within living spaces through specific colour temperatures, intensities, and patterns. 

Exploring how sensors, such as biometric or motion sensors, might be used to track occupants' emotional states or 

activities, enabling the lighting system to respond accordingly. Investigating the impact of emotional ambient lighting 

on occupants' moods, productivity, relaxation,or sleep patterns within the home environment .Assessing user 

preferences,perceptions, and acceptance of emotionally adaptive lighting systems, considering factors such as 

personalization, ease of control, and usability. Addressing technical challenges related to system reliability, accuracy in 

emotion detection, energy efficiency, and interoperability with other smart home devices[4].  

 

The broader scope of integrating artificial intelligence into home automation is explored by Williams et al . Their work 

investigates the transformative potential of AI in shaping the future of smart homes, emphasizing its role in seamlessly 

integrating technology with sustainability, safety, and personalized living experiences. Detailing the incorporation of 

AI algorithms and techniques (such as machine learning, natural language processing, or computer vision) into smart 

home devices and systems. Discussing how AI enables smart devices to make informed decisions based on user 

preferences, behavioural patterns, and contextual data collected from various sensors within the home environment. 

Exploring how AI-driven automation improves user convenience by learning and adapting to occupants' habits, 

optimizing energy usage, automating routine tasks, and providing personalized experiences. Explaining how AI 

algorithms enable smart systems to understand and respond to changes in the environment, user presence, and external 

factors to adjust settings and services accordingly. Addressing challenges related to data privacy, security, reliability of 

AI algorithms, and potential biases while also considering the ethical implications of AI-driven automation within 

household. Discussing emerging trends, advancements, and potential future developments in AI-driven home 

automation, such as integrating AI with IoT devices, robotics, or voice-controlled assistants [5].  

 

David Johnson mainly focused on the human centric principles in the home automation systems. Discussing the 

significance of designing smart home automation systems that prioritize the needs, preferences, and behaviours of 

users. It might emphasize creating interfaces and functionalities that are intuitive, easy to use, and adaptable to different 

user requirements. Exploring the integration of technologies that enable smart homes to learn and adapt to occupants' 

habits, preferences, and routines. This might include adaptive lighting, temperature control, or automated routines 

tailored to specific user patterns. Addressing the importance of ensuring that smart home systems are accessible to all 

users, including individuals with disabilities or diverse needs. This could involve features like voice control, assistive 

technologies, or customizable interfaces. Smart home automation can contribute to occupants' emotional well-being by 

creating environments that foster comfort, relaxation, and productivity. This might involve elements such as ambient 
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lighting, music, or environmental settings. Highlighting the significance of building trust through transparent data 

handling and emphasizing user privacy in the collection and use of personal data within smart home systems. Ethical 

considerations in designing and implementing smart home technologies, including issues related to data security, biases 

in AI algorithms, and the broader societal impact of these systems are addressed[6]. 

 

A publication authored by Sarah Brown on voice assistant technologies in smart home environments detailing the 

prevalent voice assistant technologies (such as Amazon Alexa, Google Assistant, Apple's Siri, etc.) and their 

integration within smart home ecosystems. A range of tasks and functionalities these voice assistants offer within smart 

homes, including controlling devices, providing information, managing schedules, and facilitating various services 

through voice commands is explored. A publication authored by Sarah Brown on voice assistant technologies in smart 

home environments. Voice assistant technologies interface with other smart devices and systems within a home 

environment, enabling users to control multiple devices or access services seamlessly. Analysing user experiences, 

preferences, and challenges in adopting voice assistant technologies in smart homes. This might include aspects related 

to usability, privacy concerns, and the learning curve associated with voice-based interactions. Emerging trends, 

developments, and potential advancements in voice assistant technologies, such as improved natural language 

processing, expanded device compatibility, or context-aware interactions is noted. Addressing privacy concerns related 

to voice data collection, storage, and usage within smart home environments, highlighting ethical considerations and 

potential risks associated with voice assistant technologies[7].  

 

V Raghav Shankar have contributed to the study on environment energy optimization for smart home automation in 

multi-cloud emvironment. With technological development, connecting with everyday applications engage the user 

over a remote environment via a mobile device like a Smartphone with Internet connectivity has become a common 

practice. The proposed work encompasses a system in which household interactions are made much easier through 

automation, safety and the Internet of Things helps to develop a system that allows anyone to remotely monitor and 

control certain parts of a house from anywhere remotely and also makes them safe with multi-cloud design to ensure 

greater safety. The project's basic idea is the use of multi-cloud and low energy IC to incorporate home automation with 

high security. Using the widely available Google Cloud Platform, the proposed system is efficiently designed to control 

the various elements of the smart home. This system is significantly coupled with the low cost Integrated Circuits 

controlling the electrical components which eventually results in an efficient and power effective Smart Home 

Solution[8].  

 

These reviewed works collectively highlight the diverse applications and advancements in smart home automation and 

underscore the importance of smart sensors in optimizing energy usage and creating adaptive living spaces, with a 

focus on security and fire detection.Explore sustainable water practices in smart irrigation systems, emphasizing IoT 

and AI integration for efficient water usage.Delve into emotional ambient lighting systems, considering the impact on 

residents' well-being and provides a comprehensive overview of AI's transformative role in shaping the future of smart 

homes, addressing challenges and potential developments. Emphasizes human-centric principles, focusing on user 

needs, adaptability, accessibility, and ethical considerations.These works contribute to a holistic understanding of the 

advancements, challenges, and potential future directions in the field of smart home automation. 

III. RESEARCH TOPICS 

A. Smart Home Systems: 

 In the last decade, the SHS has achieved unprecedented success, and researchers are continuously working to im-prove 

on its past works. With the help of IoT, it is now easier than ever to establish communication between home appliances 

and users. An IoT-based SHS has become the most popular choice in recent years. By connecting all of the devices 

through the Internet, it is now possible to maintain all of the home equipment simultaneously. Users can now monitor 

and control several aspects of their house from anywhere in the world with the help of IoT-enabled devices, through 

machine learning and artificial intelligence, smart homes can now recognize shapes, sounds, and gestures, thus making 

the smart home experience much more comfortable.The availability of powerful processors facilitates the 

implementation of much more complex and processor-hungry smart home systems.  

 

To provide such services, all smart home systems are built following a basic structure. It involves three phases as 

follows:  

(i) Collection of information through sensors,cameras,microphones,and other home appliances. (ii) Storing and 

processing the collected information with the help of the main processing unit. (iii) Generating results and delivering 
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services depending on the processed information. In the first step, the SHS uses sensors such as motion,temperature, 

humidity, flame, gas, and LDR for collecting atmospheric data alongside other devices such as a camera and 

microphone for recording video and audio of home occupants. Aside from these, the system can also use home devices 

connected through IoT to collect information about their status.After collecting the information, it is sent to the main 

processing unit either wired or wirelessly. The processor stores and analyzes the data and determines the next action 

based on this information. For example, home temperature and humidity are compared against a predetermined 

value,and if the current value exceeds or vice versa, then a notification is sent to the owner for further action. Similarly, 

any intrusion detected on the camera is immediately reported.In the final step, the information collected and processed 

is used to provide various services such as home comfort,intrusion alert, elderly care, and appliance control. Users can 

control room temperature remotely and have the home heated or cooled down before arriving. Similarly, by using flame 

and gas sensors, any fire breakout or gas leakage can instantly be found, and necessary steps can be taken. With the 

help of machine learning, voice commands can be carried out and gestures can be used to control appliances, and with 

the help of artificial intelligence, camera feeds can be used to differentiate between an intruder and home occupants. 

 

B. Technological Approach: 

After thoroughly reading and analyzing the research articles selected for this review, a variety of technological 

approaches to SHSs have been detected. A thorough analysis and evaluation of these technological approaches utilized 

by the SHS have been presented in this section. Wireless Sensor Network (WSN)-Based SHS. Wireless sensor network 

(WSN) can be defined as a network of spatially scattered sensors that are wirelessly connected and dedicated to 

observing various environmental characteris- tics such as temperature, sound, humidity, force, and pressure. Apart from 

environmental aspects, other sensors detect movement, smoke, gas, flame, and various other things. All these sensors 

are part of a WSN that collects the data from all these sensors wirelessly and then sends the data to processing. In a 

WSN of smoke, gas, and temperature sensors is proposed to detect and alarm early fire detection in a smart home. The 

sink node is connected to the sensors in a WSN system via a wireless connection. A wireless sensor network has been 

used in along with Raspberry Pi to design and implement a smart home environment monitoring structure. Due to its 

flexibility, low cost, and scalable structure, the WSN has gained exceptional popularity among SHS developers. Many 

of the research articles reviewed in this paper utilize the WSN system. Multiagent System-Based SHS. A multiagent 

system(MAS) is a problem-solving approach based on self-organizing computing that utilizes multiple intelligent 

methods to solve problems that are otherwise difficult to solve for a single system. Due to the effectiveness of the 

system, researchers have applied MAS in the development of SHSs. An MAS reduces the total compu- tational and 

data transmission time of the total system which results in reduced energy consumption. Image Processing (IP)-Based 

SHS. Image processing in SHSs deals with the analysis of data collected from single or multiple cameras to obtain 

various services such as gesture control of smart homes, smart home security systems based on object detection, gesture 

controlling features for elderly people, and smart home antitheft systems. Since these image processing systems are 

dependent on real-time videos and images from the smart home, image processing-based SHSs generally have a high 

rate of data transmission between the camera and the data processing section. Image processing has been utilized by 

several au- thors because of its wide range of functions, from antitheft systems to elderly support. However, since 

cameras are affected by shadows, distortions, insufficient light, and other factors, the image processing system 

sometimes fails to deliver the expected result. Internet of Things (IoT)-Based SHS. The Internet of things (IoT) is an 

arrangement of interconnected computing devices, mechanical and digital machines, sensors, micro- controllers, and 

other electronic devices that are uniquely identifiable, and these unique devices can communicate through the Internet 

with one another without requiring human or computer interaction. IoT is a relatively new technology and has gained 

excessive popularity among re searchers. IoT has become one of the key technologies in the development of SIISs. In 

an IoTbased SIIS, the main controller, sensors, and computational devices are all in- ternally connected through the 

Internet. All these devices can receive and transfer data automatically without any human intervention. In an IoT 

system, the connection between nodes (sensor node, computational node, etc.) can be established wired or wirelessly. 

Artificial Intelligence (AI)-Based SHS: Artificial intelligence (AI) is defined as a computing system that is capable of 

performing tasks that generally demand human intelligence, such as visual object detection, speech recognition, and 

decision-making. Al has been used by researchers frequently due to its wide range of functions. Artificial Intelligence is 
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paving the way for more in- telligent SHSs. Furthermore, developments in this field can result in more resilient, 

interactive, and comfortable smart homes Machine Learning (ML)-Based SHS. Machine learning is a subsection of 

artificial intelligence that deals with learning patterns from given data by a machine to make sense of previously 

unfamiliar data. It also deals with the processing of a large amount of data to recognize images, patterns, and speech. In 

a machine learning-based SHS, the data collected from the smart home are analyzed and used to predict the status and 

control of the home equipment , Machine learning is used to detect the early signs of dementia among elderly people. 

Machine learning based. systems can also monitor the security systems of smart homes. 

 

C. User Interfaces In Smart Home Automation: 

 

In SHSs, a user-end communication interface is set up for the user to receive important messages from the system and 

send commands. This interface could be a smartphone ,application or a website. This section presents a description of 

the interfaces used in SHSs. Web Application-Based SHS: A web application-based interface provides a graphical user 

interface (GUI) for monitoring and controlling SHSs. These web applications are mainly based on the Hypertext 

Transfer Protocol (HTTP) and Transmission Protocol/Internet Protocol (TCP/ IP). A user can access the sensor reading 

from the SHS, turn on/off certain appliances, get a security breach alert, and check the health condition of the elderly 

by using these web applications. Smartphone Application-Based SHS: Since the introduction of Android and IOS 

devices, the usage of smartphone applications has become widespread. As a re sult, SHS researchers are opting more 

and more for application-based interfaces. Similar to web applications, smartphone applications also provide the user 

with a GUI for interaction, and the user can get a real-time update about SHSs. Smartphone applications provide all 

types of data and information just like web applications. 

C. Discussion 

 

Concurrently, the landscape of smart home technology continues to evolve with several recent innovations. The Thread 

Protocol, a wireless communication standard, ensures reliable connectivity among devices, promoting interoperability 

and efficient data transmission. Matter, previously known as Project CHIP, is pioneering a unified standard for smart 

home devices, striving to establish seamless compatibility across different brands and ecosystems. Advancements in 

edge computing empower devices to process data locally, enhancing speed, privacy, and responsiveness. Integration of 

AI and machine learning enables systems to learn user behaviors, tailor automation, and provide personalized 

experiences. Security enhancements and a growing focus on health and wellness monitoring further expand the 

capabilities of smart home systems, ensuring data protection and offering insights into users' well-being.It can also be 

seen that IoT-based SHSs are by far the most popular choice among researchers, which is mainly due to the low cost. 

Other methods, such as WSN, Bluetooth, are also fairly popular. Machine learning and AI based SHSs are also gaining 

ground among researchers. After reviewing all the studies on SHSs, we can say that most of the development routes 

choose both wired and wireless communication media to connect sensors and other devices to the main controller, 

while mainly wireless connectivity is preferred in the connection between. the smart home and the user. Even though 

wireless con- nectivity between the sensor and processor is a trend, it is comparatively more expensive than a wired 

connection since another device is required for the majority of microprocessors to wirelessly receive and send data. In 

the case of user interfaces, both web application based and smartphone application-based interfaces are popular. 

Though the latter might be preferred since web-based in- terfaces need to remember the web address or user credentials 

to log into the system, smartphone-based applications are not that complex. The extra steps required in. web interfaces 

to access the system might be considered. unnecessary annoyance by the user, while smartphone based interfaces are 

specifically designed to reduce the amount of complexity for the user. Recent developments in SIISs have introduced 

different types of services in SHSs that make smart homes more secure, comfortable, and user-friendly. High emphasis 

has been given to networks and home security, which makes home less prone to security threats. Systems to neutralize 

both. physical and network threats have been developed over the years. Energy management has been another major 

sector of development that helps smart homes be energy efficient and environmentally friendly. With the help of image 

processing machine learning, and deep learning, gesture recognition has become more accurate and efficient, which 

allows users to control appliances. nees with mere gestures. For elderly and physically challenged people, researchers 

have developed specialized smart homes that make the lives of elderly people easier, more comfortable, and more 

attentive to medical needs. Moreover, finally, remote appliance control has added a new dimension to the comfort level 

of the smart home user, which allows remote access and control of home appliances. 
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IV. ADVANTAGES OF SMART HOME AUTOMATION SYSTEM 

Smart home automation systems offer unparalleled convenience by allowing remote control of various devices, from 

lighting to security, via smartphones. They promote energy efficiency through automated climate and lighting 

management, potentially reducing costs. Enhanced security features, such as smart cameras and locks, provide remote 

monitoring and control. Customization options enable personalized routines, seamlessly integrating with voice 

assistants and other devices. The ability to monitor your home remotely enhances safety, while the integration of 

entertainment systems adds to the overall enjoyment. Additionally, these systems can increase home value and improve 

accessibility for individuals with disabilities, making them a valuable addition to modern living. The evolving 

landscape of smart home technology showcases advancements such as the Thread Protocol and Matter, promoting 

interoperability and unified standards. Edge computing enhances speed and privacy, while AI and machine learning 

personalize automation. The popularity of IoTbased systems, combining wired and wireless communication, reflects 

cost-effectiveness. Smartphone-based interfaces are favored for user-friendly experiences, reducing complexity 

compared to web interfaces. Security and health monitoring advancements, along with energy management, contribute 

to secure, comfortable, and environmentally friendly smart homes. Gesture recognition, specialized solutions for the 

elderly, and remote appliance control further enhance the convenience and well-being of smart home users.  

V. CONCLUSION 

The development process of SHSs has been going on for decades, and break throughs have been achieved by re-

searchers in this field. In recent years, due to population blasts and rapid industrialization, the standard of living has 

been decreasing rapidly. Smart homes provide a secure, comfortable, and efficient way of living. In this study, we have 

presented a thorough analysis of the recent development of SHSs. This systematic literature review sheds light on the 

various technological approaches taken by re-searchers in the development. idel from these, a detailed analysis and 

review of the networking technologies adopted, user interfaces provided and several services such as energy 

management, gesture recognition, elderly care systems, and appliance control mechanisms have been presented in this 

study. Moreover, a detailed comparison of the data collected from the various articles has been provided in the 

discussion part, where it can be seen that multiple approach-based SHSs are becoming more popular due to their added 

functionality from the utilization of multiple approaches. For that same reason, multiple microcontroller-based SHSs 

are also coming in trend. An IoT-based SHS is becoming a dominant competitor. For the user interface, smartphome  

application- based interfaces will play a key role in the future due to their ease of access and better functionality. 

Because the network and physical vulnerability will remain a major threat in the SHS, more and more emphasis is 

being given to networks and physical security, and this research for a better secured SHS can be expected to continue. 
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