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ABSTRACT: This paper explains deeply into the transformative impact of Explainable Artificial Intelligence (XAI)
on the Internet of Things (IoT) environments, emphasizing its role in bolstering transparency, interpretability, and
trustworthiness in Al-powered systems. The convergence of Explainable Artificial Intelligence (XAI) with the
burgeoning landscape of the Internet of Things(IoT) holds immense potential for fostering trust and transparency in Al-
driven IoT systems.

Internet of Things (IoT) market needs to be trustworthy for the end-users. However, a comprehensive survey examining
the utilization of XAI specifically tailored for IoT applications remains notably absent in existing literature. Addressing
this gap, this paper presents a systematicexploration of XAl frameworks, focusing on their unique characteristics and
applicability within the IoT domain. We delve into the prevalent XAl services employed across diverse IoT sectors,
including security enhancement, The Internet of Medical Things (IoMT), Industrial IoT (IloT), and the Internet of City
Things (IoCT), elucidating their roles and implications. Furthermore, we provide insights into the selection and
implementation of XAI models within [oT ecosystems, accompanied by pertinent examples that highlight their efficacy
and relevance. Additionally, we delve into cutting-edge advancements in edge XAI architecture and their synergies
with emergingsixth-generation (6G) communication technologies, offering a glimpse into the future of Al- enabled IoT
paradigms. By synthesizing current trends and future prospects, this paper serves as aseminal contribution, offering a
holistic examination of XAl-based frameworks specifically designed to meet the evolving demands of IoT use cases.
This paper delves into the significant role of Explainable Artificial Intelligence (XAI) in revolutionizing the Internet of
Things (IoT) landscaped by bolstering trust in Al-powered IoT systems. Despite the rapid proliferation of connected
devices, there exists a notable gap in comprehensive research focusing on XAl's application within the IoT realm.
Addressing this deficiency, we conduct a meticulous examination of tailored XAl frameworks for IoT, elucidating their
distinctive features and contributions across diverse domain including security, healthcare (IoMT), industry (IloT), and
smart cities (IoCT). We expound upon the selection and implementation strategies of XAI models within IoT
environments, complemented by illustrative examples. Furthermore, we delve into thelatest advancements in edge XAl
architectures and their seamless integration with emerging 6G communication technologies. Serving as a foundational
resource, this paper offers valuable insights into the evolving landscape of XAl-enabled IoT applications, thereby
charting a course for future research initiatives in this burgeoning domain.

KEYWORDS: Artificial intelligence, explainability, Internet of Things, machine learning, deeplearning.
I. INTRODUCTION

Explainable Artificial Intelligence (XAI) is witnessing a surge in interest across diverse sectors, owing to its ability to
foster transparency, trustworthiness, and interpretability in Al systems. Explainable Artificial Intelligence (XAI) has
garnered increasing attention across various domains due to its ability to create highly transparent, trustworthy, and
interpretable systems. As Artificial Intelligence (Al) systems evolve with more sophisticated features, the demand for
transparency and trustworthiness becomes paramount, especially in scenarios where Al interacts directly with human
users. Despite the widespread adoption of Al in business operations and dailylife, concerns regarding model bias, lack
of code confidence, and trust issues persist. The emergence of XAl addresses these concerns by providing meaningful
interpretations of Al systems' decisions, thereby enhancing transparency and trust.

XAI holds significant implications for various industries, including healthcare, finance, security, military, and legal
sectors. Its potential to replace conventional Al systems in these domains offersthe prospect of greater impact, growth,
and sustainable development. However, while XAl technology has made considerable strides, its application in Internet
of Things (IoT) environments remains relatively limited. IoT, characterized by a vast network of interconnected
devices, presentsunique challenges and opportunities for deploying XAl. This research aims to explain the role of XAI
in IoT environments, focusing on its potential to enhance transparency, interpretability, and trustworthiness of Al-
driven IoT systems. We delve into the challenges and opportunities associated with integrating XAl into IoT
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applications, examining its implications across various sectors such as healthcare, finance, security, and industry. This
paper endeavors to explore the pivotal role of XAl in IoT landscapes, with a keen eye on its potential to elevate
transparency and interpretability in Al-driven IoT systems. By delving into the intricacies of integrating XAl into IoT
applications, we aim to shed light on its transformative impact across sectors such as healthcare, finance, security, and
industry. Furthermore, we delve into recent advancements in edge XAl architectures and their symbiotic relationship
with emerging communication technologies like 6G. We discuss recent advancements in edge XAl architectures and
their integration with upcoming communication technologies like 6G.

As the capabilities of Artificial Intelligence continue to evolve rapidly, concerns regarding biases, uncertainties, and
lack of transparency persist, necessitating the adoption of XAI frameworks. By providing insights into the evolving
landscape of XAl-enabled IoT applications, this paper seeks to pave the way for future research endeavors in this
burgeoning field. Through a comprehensive examination of XAI frameworks tailored for IoT, we aim to contribute to
the development of trustworthy and ethical Al-driven IoT systems that cater to the diverse needs of users and
stakeholders.

II. ROLE OF XAI IN IOT

By analysing the data from various IoT devices, it becomes possible to understand activities in aspecific scenario. Al
plays a crucial role in the IoT (Internet of Things) by enabling devices to become smarter, more efficient by detecting
anomalies, and enhancing decision-making.

Predictive maintenance becomes possible as Al predicts when devices are likely to fail, enabling preventive
maintenance and minimizing breakdown. Enhanced automation is achieved as Al empowers [oT devices to intelligently
automate tasks, adjusting settings based on real-time data inputs. Energy efficiency improves through Al optimization
of energy usage patterns, while security is strengthened with Al-powered threat detection systems. Recognition
techniques, often based on Al methods like machine learning and deep learning, can offer accurate decisions. The role
of Al in IoT applications can be categorized into three stages: collecting data from sensors and feeding it into Al
algorithms, using Al to enhance IoT services, and supervising Al elements within the IoT domain. However,
conventional Al techniques often lack in giving explanations to humans about the decisions making.

Acquiring clear explanations for such decisions serves multiple objectives, including better model interpretation and
provision of context-aware services. XAl models, integrated with meta-learning strategies, are extensively used in
Industry 4.0's cyber-physical systems, ensuring efficient production and enhanced service quality. The growing
importance of XAl in IoT, especially in healthcare, facilitates disease prediction and diagnosis. The interpretability
offered by XAI algorithms allows models to understand individual decisions, addressing challenges in limited resource
IoT devices. The increasing trust in XAl-enabled IoT devices in commercial and public settings underscores the
importance of transparent decision-making. Simplified and explainable models driven by key elements of XAI ensure
quality, accuracy, cost-effectiveness in model training and deployment. Al integration with IoT optimizes industrial
processes, minimizing downtime and enhancing product quality through automated inspections. This synergy boosts
operational efficiency and resource utilization while enabling proactive decision-making.

ITII. EXPLAINABLE AI AND TRADITIONAL AI

The primary difference between Explainable AI (XAI) and conventional Al resides in their transparency and
interpretability. Traditional Al typically functions as a black box, obscuring the decision-making process from end-
users, making it challenging for them to comprehend why specific decisions are made. Conversely, XAl prioritizes
transparency by providing insights into how AI systems arrive at their decisions. By furnishing understandable
explanations for these decisions, XAl renders the decision-making process more transparent and comprehensible to
users.

This emphasis on interpretability ensures that users can trust Al systems and make informed decisions based on their
output. Overall, XAl's emphasis on transparency and interpretability distinguishes it from traditional Al, which often
operates with opaque decision-making processes.In summary, while traditional Al often operates as a black box with
opaque decision-making processes, XAl focuses on transparency and interpretability, providing explanations for its
decisions and fostering trust between users and Al systems.
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Explainable Al (XAI) models are designed to offer clear explanations of how they make decisions, catering to the
needs of both model creators and users. Model examiners often seek insights into the inner workings of the model,
while users require understandable explanations of the decision-making process. XAl introduces key concepts like
interpretability, transparency, and trustworthiness. Interpretability ensures that the model's decisions are clear and
understandable, although it may decrease with increased complexity. Transparency allows users to analyze the model's
core mechanisms, fostering trust and fairness. Trustworthiness involves building resilient models that protect user
privacy through secure interactions. However, there's often a trade-off between completeness and interpretability,
where more complex models may sacrifice explainability for accuracy. XAI aims to balance accuracy and
explainability, ensuring users can understand and trust the decisions made by Al systems.
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IV. APPLICATION OF XAI OVER IOT

We start by outlining the motivation behind our endeavor to gather Explainable Artificial Intelligence (XAI) solutions
for IoT systems. We introduce the application of XAI across differentIoT contexts. Specifically, we delve into how
XAI mechanisms bolster security while ensuring simplicity and readability, the healthcare sector, the Internet of
Robotic Things, IIoT, and commercial IoT use cases. In recent years, Explainable Al (XAI) models have significantly
impacted wireless communication service and the Internet of Things (IoT). As IoT and smart devices continue to
evolve, there's a growing need for transparent and trustworthy interactions between humans and smart [oT systems. The
advancement of edge and cloud computing platformsenables IoT devices to store, process, analyze environmental data.
With the integration of AI, XAl models are increasingly used to enhance trust in data collection, processing, and
analysis for autonomous tasks. XAl frameworks find application in two main areas within the IoT landscape. Firstly,
they're deployed at the core of IoT systems for predictive analytics, anomaly detection, intelligent decision-making. For
example, XAl models can analyze data from IoT devices to predict machine operations and enable predictive
maintenance in industries, optimizing resources and time. Additionally, in vertical domain applications like smart cities
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and agriculture, IoT devices generate vast amounts of data requiring robust analytics platforms. XAI models provide
trustworthiness by offering explanations for system decisions, ensuring reliable smart city servicesand interpretability
in agricultural monitoring systems. In agriculture, IoT devices aid in irrigation control through sensor networks
monitoring environmental conditions like humidity and temperature. To enhance interpretability and trustworthiness in
automated agricultural monitoring, XAl-based decision support systems have been developed. These systems use fuzzy
rule-based automation, providing interpretable explanations for irrigation decisions. Similarly, in human- centric Al
domains like smart kitchens, XAI models track user behaviors and support decisions based on auto-generated
explanations, improving user support services.

In our exploration of using Explainable AI (XAI) to secure IoT devices, we've shown how XAI frameworks can make
attacks on IoT devices transparent. Essentially, XAl helps us see how theseattacks affect IoT devices, allowing us to
take the right steps to ensure safe and secure data transmission between them. By decision-making process clear, XAl
supported by B5G/6G services plays a crucial role in providing secure and automated actions for modern
communicationsystems. This contributes to building a stronger IoT framework and helps us anticipate security threats
more effectively.

V. EXISTING STATEMENT

It explains deeply into the transformative impact of Explainable Artificial Intelligence (XAI) in Internet of Things (IoT)
environments emphasizing its role in bolstering transparency interpretability and trustworthiness in Al-powered
systems. Despite extensive research in XAl, there is no comprehensive survey of XAl applications in IoT services. The
integration of XAI in fields like IoT networks, security, healthcare, industrial sectors remains underexplored
Explainable Artificial Intelligence (XAI) is witnessing a surge in interest across diverse sectors owing to its ability to
foster transparency trustworthiness and interpretability in Al systems. By analysing the data from various IoT devices,
it becomes possible to understand activities in a specific scenario. Al plays a crucial role in IoT (Internet of Things) by
enabling devices to become smarter, more efficient by detecting anomalies and enhancing decision-making, The
primary difference betweenExplainable Al (XAI) and conventional Al resides in their transparency and interpretability.
Traditional Al typically functions as a black box obscuring the decision-making process from end-users making it
challenging for them to comprehend why specific decisions are made. We initiate with an overview of the motivation
that inspires us to compile XAl solutions for IoT systems. We introduce the use of XAl for various IoT applications.
This research opens doors to revolutionizingloT application domains by ensuring dependable services alongside other
supporting technologies. These advancements enable flexible deployment of IoT infrastructure driving operational
enhancements while providing end-users with clear insights into the decisions made by smart devices

VI. PROPOSED STATEMENT

This investigates the transformative impact of Explainable Artificial Intelligence (XAI) within the Internet of Things
(IoT) environments, highlighting its critical role in enhancing transparency, interpretability, and trustworthiness in Al-
driven systems,The integration of explainable Al (XAI) within the Internet of Things (IoT) systems has emerged as a
critical area of study. Explanations in Al systems are necessary not only to enhance model accuracy and reliability but
also to provide transparency in decision-making processes, which is crucial for applications in sectors such as security
and healthcare. Existing research has focused on comparing various XAl frameworks within deep learning and
automated decision-making contexts While numerous studies have investigated XAlI, a focused survey addressing its
application in IoT environments is lacking. This paper aims to fill that gap by reviewing the potential of XAI in
enhancing IoT networks, security protocols, healthcare services, and industrial operations. The rapid expansion of IoT,
along with the growing demand for automation, has raised concerns about user trust due to opaque operations within
smart device networks. XAI frameworks can introduce novel solutions to enhance trust in IoT devices and networks,
but resource limitations of IoT devices pose challenges to implementing comprehensive and trustworthy services for
end-users. It discusses advanced developments in dependable IoT services enabled by XAl and identifies futureresearch
directions

VII. LESSONS LEARNT AND FUTURE SCOPE

XAI (Explainable Al) structures and 6G services in delivering trustworthy IoT applications. Edge XAlI, supported by
technologies like RL (Reinforcement Learning), FL (Federated Learning), and blockchain, develop interpretability and
responsiveness in applications such as smart cities and health care. It facilitates the integration of large volumes of IoT
data, ensuring faithful integration of data analytics, engines, cloud services. However, the integration of 6G services
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into IoT application is currently limited by the lack of supporting technologies. Scalable architecture and access to real-
time communications are key demands, with potential for green communication concepts to support modern
communication needs.This research opens doors to revolutionizing IoT application domains by ensuring dependable
services alongside other supporting technologies.These advancements enable flexible

Deployment of IoT infrastructure, driving operational enhancements while providing end-users with clear insights into
the decisions made by smart devices. Despite the maturation of XAI andIoT, new research challenges are surfacing,
demanding attention from the research community. This section offers a concise overview of the benefits, hurdles, and
constraints related to interoperability among X Al-driven IoT applications.

This survey delves into the essential aspects of Explainable Al (XAI), particularly in the context of IoT system design,
highlighting XAl enabling technologies and the importance of transparent decision-making in IoT applications.

However, there remains substantial room for advancing the successful integration of XAl into practical IoT systems.
Future research and development endeavors could focus on several keyareas to address existing challenges and unlock
new opportunities:

1. Semantic Communication: Exploring the potential of XAl in terahertz (THz) and semantic communication within
IoT systems could lead to breakthroughs in data transmission, processing,and interpretation. Investigating how XAI can
enhance the efficiency and reliability of communication protocols in these domains presents a promising avenue for
future research.

2. High Energy-Efficiency Challenges: Addressing the high energy consumption associated with IoT devices is
crucial for sustainable deployment. Future work could concentrate on developing XAl-driven approaches to optimize
energy usage, mitigate power consumption, and extend the longevity of IoT systems without compromising
performance.

3. Synchronization and Signal Processing: Introducing new explainable models for signal processing tasks, such as
joint channel sencing and transmission, holds significant potential for improving IoT network performance. By
integrating XAI techniques into synchronization mechanisms and signal processing algorithms, researchers can
enhance the robustness and accuracy of IoT systems.

4. Low-Cost, Low-Power Hardware Design: Designing cost-effective and energy-efficient hardware for X Al-enabled
devices in IoT environments is essential for widespread adoption. Future research efforts could focus on developing
innovative hardware architecture, sensor technologies, and system-on-chip (SoC) designs tailored specifically for XAl
applications, ensuring affordability and scalability.

By addressing these research directions, future endeavors aim to overcome existing limitations andpave the way for the
seamless integration of XAl into practical IoT systems, unlocking new capabilities and facilitating the realization of the
full potential of Al-driven IoT technologies.

VIII. CONCLUSION

The rapid expansion of IoT coupled with the increasing demand for automation has raised concerns regarding user
trust, primarily due to opaque operations within smart device networks. While XAI frameworks can introduce novel
capabilities and solutions to enhance trust in IoT devices and networks, the resource limitations of IoT devices pose
challenges to implementing comprehensive trustworthy services for end-users. To address this, researchers and industry
leaders are turning to XAl as a promising solution. XAl frameworks offer the potential to enhance trustworthiness in
IoT systems, although challenges remain due to resource limitations in IoT devices.

Also highlighted IoT use cases based on the explainable features imparted in such systems. Furthermore, Widly
explored XAI over IoT flexible solutions using emerging architecture based on 5G services, big data management,
cloud service. This paper has provided a comprehensive survey of XAl solutions for IoT, covering key characteristics,
roles in modern use cases, and theimperative for trustworthy systems.

It has explored recent research activities, emphasizing the development of explainable systems and their application in
various IoT domains. By examining emerging architectures and use cases, including those in IIoT and smart
applications, the paper has shed light on the potential of XAI in transforming IoT landscapes. However, significant
research challenges persist, necessitating immediate attention from the research community. Overall, this paper offers
valuable insights into the intersection of XAl and IoT, highlighting research gaps and paving the way for future
advancements in the field.
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