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Abstract: The rapid evolution of smart home automation systems has ushered in an era where connected devices and systems
seamlessly manage daily tasks. However, traditional cloud-centric architectures often face latency, bandwidth, and security
challenges, limiting the efficacy of these systems. Edge computing has emerged as a transformative paradigm, addressing these
limitations by processing data closer to the source. This paper reviews the importance of edge computing in smart home automation
systems, highlighting its advantages in latency reduction, data security, energy efficiency, and scalability. Additionally, it discusses
challenges and future research directions to optimize edge computing for next-generation smart homes.
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1. Introduction

Home automation systems are one of the greatest innovations in the modern way of living because they bring together comfort,
efficiency, and security [1]. These systems include a wide variety of 10T devices, such as smart thermostats, lighting setups, security
cameras, and voice-controlled assistants. Traditionally, these systems relied on cloud computing to process and analyze data from
connected devices at central servers. Although such a cloud-centric architecture is suitable for particular applications, it has in-built
limitations, especially where the number of connected devices is exponentially increasing. In fact, some of the major concerns
associated with cloud computing include high latency, bandwidth consumption, and privacy.

Edge computing, characterized by its decentralized methodology that facilitates data processing in proximity to its origin, has
emerged as a viable solution to such challenges [2]. For example, consider an intelligent security system that is charged with the
real-time identification of a potential intruder. In such scenarios, depending on cloud processing can often lead to substantial lags
that may be catastrophic. This model circumvents essential performance constraints while augmenting the reliability of the system
by allowing immediate data processing at the edge of the network. Moreover, edge computing ensures that smart homes work even
in the absence of networks, ensuring that automation and management continue. For instance, a smart thermostat can adjust
temperatures by processing locally in real time and thus keep comfort even if the internet is disconnected.

The importance of edge computing is increasing with the advancement in the smart home technology sector. This research explores
how the revolutionary impact of edge computing on smart home automation frameworks can be used in enhancing response times,
strengthening data security, reducing bandwidth usage, and ensuring system scalability. Based on the comprehensive usage analysis,
difficulties, and prospects of edge computing, this paper reflects on its importance toward determining the future development of
the intelligent residential environment.

2. The Role of Edge Computing in Smart Homes

Edge computing is a fundamental shift in processing data from centralised processing in the cloud servers, to localized processing,
mostly at or near the data origin [3]. This architectural change offers significant benefits for smart home automation systems, which
require seamless and efficient operation to meet user expectations. One of the most critical advantages of edge computing is its
ability to reduce latency. The devices, like security cameras, motion sensors, and voice-activated assistants, in a smart home need
fast response. For example, if a motion detector picks unusual movements at night, an edge-computing system can instantly turn on
the lights and alert the homeowner [1]. A cloud-based system could delay this response, and with local data processing, the device
can be sure of performing without latency, hence making the experience better for the user.

Additionally, edge computing plays a critical role in improving data privacy and security. Since edge devices send fewer sensitive
data to the cloud, this minimizes exposure to potential cyber-attacks while maintaining strict regulations of privacy. For instance,
voice assistants processing user commands locally avoid sending private conversations to distant servers and minimize the concern
for privacy. Finally, the other significant advantage is a reduction in bandwidth consumption. Edge computing reduces network
congestion and the cost of data transfer since only processed and vital data is transmitted to the cloud. Reliability is one of the key
areas through which edge computing contributes to smart homes. For instance, in case of internet outages, a locally processed smart
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thermostat can still manage home temperature and continue delivering comfort and saving energy with no interruption. The benefits
presented collectively make edge computing an indispensable piece of modern smart home automation systems that can effectively
address weaknesses in conventional cloud-based frameworks, enable new applications, and improve user satisfaction.

3. Applications of Edge Computing in Smart Home Automation

The inclusion of edge computing into smart home systems brings together an incredibly wide range of applications that enhance
functionality, efficiency, and user experience in a home [4]. One big application is in smart home security systems, particularly
through the local processing on edge devices of real-time video analytics and facial recognition. For example, smart doorbells use
their capability to edge process and distinguish family members from delivery personnel or would-be intruders, all without
uploading video to the cloud. Provided that video is processed at the edge, they can recognize danger in real time and activate alarm
triggers for quick reaction without compromising data privacy.

Energy management is another important application of edge devices. It will examine data from smart meters and connected
appliances to optimize energy usage, minimize waste, and decrease utility costs. For example, a smart refrigerator that possesses
edge capabilities can detect times when electricity demand is low and adjust its cooling cycle accordingly, thus contributing to
general energy efficiency [5]. Another essential aspect of smart homes is voice assistants, which also make use of edge computing.
This enables the recognition of local speech and fast response to the directives provided by the users without raising the chances of
breaching confidential discussions with cloud-based servers. For example, a smart speaker that takes commands locally will respond
within a short period, switching off lights or playing music even during network breakdowns.

Health data related to monitoring within the context of intelligent residential environments are further evaluated in real-time with
edge computing technologies. Technologies used through wearables and sensors enable alerts on anomalies like arrhythmia or
unexplained changes in glucose level so that users or caregivers could act quickly. Thus, a diabetic patient may immediately get
warned about blood sugar falling at abnormally low levels, using an edge computing-capable wearable device. This allows for more
local processing to occur, avoiding reliance on the cloud when it comes to getting critical information out quickly. This example
shows edge computing can indeed be possible in a smart home situation, where these new approaches meet the varied needs of
users while working to counteract latency, security, and bandwidth issues.

4. Challenges in Implementing Edge Computing for Smart Homes

Despite all the benefits that edge computing can provide for the automation of smart homes, there are also significant challenges in
implementing this technology [2]. One of the most important challenges lies in the hardware limitations of edge devices. These
need to balance computational power, energy efficiency, and cost in order to be optimal in a resource-constrained environment. For
instance, the development of a small and cost-effective edge device capable of running complex video analytics for a smart security
camera requires innovative hardware approaches.

Interoperability presents a significant challenge, given that smart home ecosystems typically consist of devices produced by various
manufacturers that utilize distinct communication protocols [3]. Achieving smooth integration and communication among these
diverse devices necessitates the establishment of standardization and comprehensive interoperability frameworks. For example,
facilitating effective communication between a smart thermostat and a motion sensor originating from a different manufacturer can
become complicated in the absence of standardized protocols.

Scalability is a significant concern given the increasing number of devices connected in a smart home. The growth in scale of edge
infrastructure requires novel approaches to effective resource use and maintaining performance levels. For instance, the installation
of edge hubs that support a number of devices within a home network can assist in scalability management. On the other hand,
though security is viewed as a strength of edge computing, it presents some challenges simultaneously. Distributed edge nodes are
vulnerable to cyberattacks, which requires a strong security measure to safeguard data and ensure system integrity. For example,
an edge-enabled smart lock needs advanced encryption and authentication protocols to stop unauthorized access.

Tackling these challenges requires an interdisciplinary strategy that integrates advancements in hardware engineering, software
programming, and cybersecurity measures. By surmounting these barriers, edge computing has the capacity to fully realize its
transformative potential in redefining smart home automation systems.

5. Future Directions and Research Opportunities

The future of edge computing in smart home automation holds much promise and research and innovation opportunities. The area
with the greatest focus will be on developing efficient algorithms optimized for real-time data processing on resource-constrained
edge devices. Optimizing lightweight machine learning models for the edge will allow features like predictive maintenance of smart
appliances without burdening the hardware.

Another important focus is interoperability between devices. The development of standard protocols and frameworks may further
support integration and, therefore, continued communication across the various smart home ecosystems. For instance, open-source
platforms that allow for a wide variety of devices may help achieve better compatibility and user-friendliness. Also, Al and ML at
the edge mark a significant research opportunity. Advanced Al models deployed locally can enable predictive analytics, autonomous
decision-making, and personalized user experiences. For instance, an Al-driven edge device can learn the preferences of a home
owner for lighting and temperature and automatically adjust the settings based on occupancy and time of day.

JETIR2412598 | Journal of Emerging Technologies and Innovative Research (JETIR) www_jetir.org | 896


http://www.jetir.org/

© 2024 JETIR December 2024, Volume 11, Issue 12 www jetir.org (ISSN-2349-5162)

Another dimension is sustainability. Energy-efficient edge devices and architectures may be designed to contribute toward the
reduction of environmental impacts of smart homes toward the global vision of sustainable living. For example, renewable energy
sources-based edge devices or energy-harvesting technologies can be used toward greener smart homes. More research in hybrid
edge and cloud architectures could provide a more balanced approach using the benefits of both paradigms to improve performance
and reduce cost. For example, a hybrid system may use edge computing for tasks that require instant attention, like surveillance of
security systems, but rely on the cloud for storage and analysis over a long period.

By focusing on the domains of inquiry, the discipline of edge computing may advance towards realizing sophisticated, robust, and
user-oriented smart home automation solutions.

6. Conclusion

Edge computing is revolutionizing smart home automation by addressing the limitations of traditional cloud-centric architectures.
Its ability to process data locally enhances system responsiveness, security, and efficiency, making it a cornerstone for future smart
home solutions. The applications of edge computing are diverse, ranging from real-time video analytics to energy management and
healthcare monitoring. For example, a smart doorbell with edge capabilities can instantly identify and alert homeowners of an
intruder without requiring cloud processing, showcasing its practicality and reliability.

However, challenges such as hardware constraints, interoperability issues, scalability, and security concerns must be addressed to
fully realize its potential. These hurdles call for continued research and development to create robust and seamless edge-enabled
solutions. Future research and innovation in areas such as efficient algorithms, Al integration, and sustainability will be pivotal in
optimizing edge computing for smart homes. Moreover, the synergy between edge and cloud computing through hybrid
architectures promises to unlock new possibilities, blending the best of both paradigms.

As the demand for smart homes grows, edge computing is poised to transform them into intelligent, autonomous, and sustainable
living environments. By bridging performance gaps, enhancing user experiences, and ensuring data privacy, edge computing not
only meets current technological demands but also lays a foundation for the future of home automation systems.
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