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4.0 Introduction  

 

Chapter 4 of the monograph explores the pivotal role of Artificial Intelligence (AI) in 

enhancing the capabilities of Reconfigurable Intelligent Surfaces (RIS) within urban 

infrastructures, particularly focusing on signal processing and environmental adaptation. 

AI is integral to the dynamic and efficient operation of RIS, enabling these systems to 

adapt in real-time to changing environmental conditions and communication demands. 

The chapter delves into various AI algorithms that optimize the performance of RIS, 

including optimization algorithms, machine learning models, and deep learning 

frameworks. Each of these plays a critical role in refining RIS operations, from 

enhancing signal propagation to managing complex data and environmental interactions. 

Optimization algorithms like genetic algorithms and particle swarm optimization adjust 

RIS configurations dynamically, ensuring optimal signal strength and coverage. 

Machine learning models, including support vector machines and decision trees, predict 

and mitigate potential disruptions in signal transmission, enhancing reliability. Deep 

learning frameworks, such as convolutional neural networks (CNNs) and recurrent 

neural networks (RNNs), offer sophisticated solutions that handle the complexities of 

urban environments, predicting the most effective RIS configurations under varying 

conditions. 

The chapter also highlights the significant autonomy these AI-driven systems offer, 

allowing RIS to operate effectively without constant human oversight. This capability is 

particularly beneficial in densely populated or complex topographical areas, where 
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traditional communication networks might struggle. By integrating AI, RIS not only 

boosts the efficiency and reliability of urban communication networks but also 

significantly contributes to the development of smart, connected cities. 

Furthermore, the narrative extends to discuss the broader implications of AI-enhanced 

RIS compared to other telecommunications technologies through a detailed comparative 

analysis. It outlines the advantages of AI-driven RIS over traditional cellular networks, 

fiber optics, and other advanced technologies like LiFi and smart antennas. The 

comparison underscores the superior flexibility, scalability, and security that AI-

enhanced RIS offers, making it particularly suitable for urban environments where 

adaptability and minimal physical intrusion are crucial. 

Overall, Chapter 4 emphasizes AI's transformative impact on urban communication 

infrastructures through RIS, proposing that these advanced technologies are not merely 

enhancements but fundamental to the evolution of smart urban environments. The 

integration of AI enables RIS to not only address the current limitations of 

telecommunication systems but also to pioneer new methods for managing urban spaces, 

making them more adaptable, resilient, and intelligent. This chapter sets the stage for 

subsequent discussions on specific applications and case studies, illustrating the practical 

benefits and future potential of AI-driven RIS in urban settings. 

 

4.1 AI Algorithms for Optimization: Types and Functions 

In the intricate realm of civil infrastructure, the optimization of Reconfigurable 

Intelligent Surfaces (RIS) is critically enhanced by the strategic application of Artificial 

Intelligence (AI). AI algorithms play an indispensable role in improving the performance 

of RIS through sophisticated signal processing and proactive environmental adaptation. 

These algorithms are categorized into three primary types: optimization algorithms, 

machine learning models, and deep learning frameworks, each contributing uniquely to 

the dynamic configuration and operational efficacy of RIS (Pan et al., 2022). These form 

the backbone of dynamic RIS configuration, aiming to achieve optimal signal 

propagation. Through real-time adjustments based on continuous feedback from both 

environmental and network conditions, these algorithms ensure that RIS elements are 

precisely tuned to maximize efficiency. Techniques such as genetic algorithms, 

simulated annealing, and particle swarm optimization are leveraged to fine-tune the RIS 

properties, allowing them to quickly adapt to changes within the communication 

environment. This minimizes signal interference and maximizes coverage, thereby 

enhancing the reliability and performance of urban communication networks (Fan et al., 

2022; Khaled et al., 2024).  
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Beyond simple optimization, machine learning models bring a higher level of 

sophistication to RIS operations. These models, including support vector machines and 

decision trees, utilize supervised learning to predict and respond to complex patterns in 

data transmission and environmental interference. Trained on vast datasets comprising 

historical data, these models enable RIS to preemptively adjust its settings to mitigate 

potential disruptions in signal transmission. This predictive capability is essential for 

maintaining uninterrupted and high-quality communication, particularly in urban areas 

where network conditions are subject to frequent fluctuations (Azam et al., 2023). 

Addressing the challenges of more complex urban environments, deep learning 

frameworks offer advanced solutions capable of managing multiple variables and 

processing high-dimensional data. Neural networks, especially convolutional neural 

networks (CNNs) for spatial data and recurrent neural networks (RNNs) for temporal 

data, excel in these settings. By learning from extensive operational data, these 

frameworks can accurately predict the most effective RIS configurations for any given 

set of conditions. The application of deep learning is particularly advantageous in 

scenarios where the interaction between electromagnetic waves and urban infrastructure 

is complex, requiring a nuanced approach to ensure optimal performance (Li et al., 

2023). 

The collective application of these AI algorithms empowers RIS to operate with 

significant autonomy, effectively adapting to environmental and network changes 

without the need for constant human oversight. This autonomy is pivotal in densely 

populated or topographically complex areas, where traditional communication networks 

might falter. By harnessing the power of AI-driven optimizations, RIS not only enhances 

the efficiency and reliability of wireless communication networks but also plays a crucial 

role in the evolution of smart, connected urban environments. These advancements in 

AI technologies demonstrate the transformative potential of integrating AI with RIS, 

promising a future where urban infrastructure is more adaptive, resilient, and intelligent 

(Yang et al., 2023). 

Equation 4.1 represents the fitness function used in genetic algorithms to optimize the 

configuration of Reconfigurable Intelligent Surfaces (RIS). It maximizes the weighted 

sum of multiple objective functions, each reflecting a key performance metric of RIS, to 

find the optimal settings for signal propagation and interference management (Peng et 

al., 2021; Zhou et al., 2023).  

Fx=maxi=1nwifi(x) (4.1) 

where F(x) is the fitness function to be maximized, x is the solution vector representing 

the configuration of the RIS elements, wi are the weights assigned to each objective 

function fi(x), and n is the number of objective functions considered. This equation 
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captures the essence of how genetic algorithms iteratively refine solutions to achieve 

optimal RIS performance. 

Figure 4.1 delineates various Artificial Intelligence (AI) optimization techniques 

employed to refine Reconfigurable Intelligent Surfaces (RIS) configurations. Starting 

with the initial RIS settings, the diagram demonstrates how Genetic Algorithms 

iteratively adjust RIS parameters using crossover and mutation techniques based on 

performance feedback to enhance operational efficacy. Simulated Annealing is shown 

to minimize energy states by exploring and refining configurations, which adaptively 

reduces signal interference. Particle Swarm Optimization is illustrated as adjusting 

settings by mimicking the social behaviors of swarms, collectively finding optimal 

configurations that contribute to the overall system efficiency. This visualization 

effectively encapsulates the strategic application of AI to optimize RIS technology, 

ensuring high-quality communication in complex environments. 

 

Figure 4.1 AI Optimization Techniques for RIS Configuration 

 

4.2 AI's Role in Signal Processing and Environmental Adaptation 

Artificial Intelligence (AI) profoundly enhances the functionalities of Reconfigurable 

Intelligent Surfaces (RIS) in the realms of signal processing and environmental 

adaptation, thereby facilitating intelligent responses to the dynamic needs of urban 

settings. This dual role of AI allows RIS not only to adjust signals by preset 

configurations but also to dynamically respond to real-time environmental changes, a 

feature pivotal to maintaining seamless and high-quality communication services 

(Aboagye et al., 2022). 
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At the heart of RIS operations, AI-driven algorithms are indispensable for the real-time 

analysis and adjustment of signals that traverse the urban landscape. Employing 

sophisticated signal processing techniques such as beamforming and signal shaping, AI 

enables more precise control over communication flows, optimizing signal strength 

while mitigating interference. This capability is crucial in densely built urban areas 

where physical obstructions posed by buildings and other structures frequently degrade 

signal quality. AI-equipped RIS systems adeptly modify their operational parameters to 

reroute signals effectively, ensuring that they navigate around obstacles and achieve 

optimal pathfinding for wireless transmissions. Such dynamic adjustments are vital for 

maintaining robust communication channels in complex urban environments (Leal Filho 

et al., 2022).  

AI's capacity to adapt to varying environmental conditions further underscores its utility 

in managing RIS. Leveraging machine learning models, AI systematically analyzes 

environmental data, including weather variations, physical obstructions, and fluctuations 

in urban density, to tailor RIS performance to the prevailing conditions. For instance, AI 

can adjust RIS settings to counteract signal attenuation during adverse weather 

conditions like heavy rain or fog. Similarly, during periods of urban transformation, such 

as construction activities or large-scale events, AI can recalibrate the RIS to sustain high 

service quality despite the emergence of new physical barriers or heightened network 

demands. This adaptive process of AI ensures that RIS systems can maintain optimal 

functionality even under rapidly changing urban conditions (Tu et al., 2024).  

Beyond reactive adaptations, AI facilitates proactive network management by predicting 

potential disruptions before they manifest and strategically adjusting RIS configurations 

in anticipation. This proactive approach is supported by continuous learning from and 

updating predictive models that evaluate the probability of network disturbances based 

on both current and historical data. By foreseeing and mitigating potential issues, AI 

ensures the resilience and reliability of urban communication networks, significantly 

enhancing both user experience and overall system efficiency (Alhussien & Gulliver, 

2024).  

In sum, the integration of AI into signal processing and environmental adaptation for 

RIS not only elevates the operational capabilities of these intelligent surfaces but also 

establishes a foundation for more adaptable and resilient urban infrastructures. Through 

its sophisticated algorithms, AI empowers RIS to autonomously optimize its 

performance, responding adeptly to both predictable and emergent urban challenges. 

This transformative role of AI not only enhances the efficiency and reliability of 

communication networks but also heralds a new era of smart urban infrastructure 

development (Almatar, 2022).  
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Table 4.1 outlines diverse Artificial Intelligence (AI) models and their applications 

within Reconfigurable Intelligent Surfaces (RIS). The table categorizes AI models such 

as Convolutional Neural Networks (CNNs), which are crucial for spatial data analysis in 

urban settings to enhance signal propagation and interference management. Recurrent 

Neural Networks (RNNs) are utilized for their sequential data processing capabilities, 

particularly in dynamic environments to predict signal changes and adapt RIS settings 

accordingly. Support Vector Machines (SVMs) and Decision Trees are implemented for 

classification and decision-making tasks, respectively, helping to refine RIS 

performance by analyzing signal quality and making informed configuration decisions 

based on environmental data. Lastly, Particle Swarm Optimization is highlighted for its 

ability to collectively find optimal RIS configurations, thereby improving overall 

network performance and signal coverage. This table showcases the integral role of 

advanced AI techniques in enhancing the functionality and efficiency of RIS 

technologies in complex communication environments (Mahmood et al., 2022; 

Pasupuleti et al., 2024)  

 Table 4.1 AI Models and Their Applications in RIS 

AI Model Description Applications in RIS 

CNNs 

(Convolutional 

Neural Networks) 

Specialize in processing data 

with a grid-like topology, 

such as images. 

Used for spatial data analysis to 

optimize signal propagation and 

interference management in 

complex urban environments. 

RNNs (Recurrent 

Neural Networks) 

Effective data where 

sequences are important, 

such as time series. 

Employed in dynamic environments 

to predict signal fluctuations and 

adjust RIS settings in real time. 

SVMs (Support 

Vector Machines) 

Supervised learning models 

that analyze data for 

classification and regression 

analysis. 

Applied to classify signal quality 

and environmental conditions to 

refine RIS performance adjustments. 

Decision Trees Model decisions and their 

possible consequences, 

creating a tree-like model of 

decisions. 

Used to decide RIS configurations 

based on multiple input parameters, 

such as user density and 

environmental interferences. 

Particle Swarm 

Optimization 

An optimization algorithm 

inspired by the social 

behavior of birds within a 

flock. 

Optimizes RIS configurations to 

achieve the best signal coverage and 

network performance. 
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4.3 Comparative Analysis of AI-Enhanced RIS with Other Telecommunications 

Technologies 

In addressing the integration and effectiveness of Artificial Intelligence (AI) enhanced 

Reconfigurable Intelligent Surfaces (RIS) within urban infrastructure, it is crucial to 

situate these advancements within the broader context of existing and emerging 

telecommunications technologies. This comparative analysis provides insights into the 

relative advantages and disadvantages of AI-enhanced RIS in comparison to other 

technologies commonly employed for similar purposes (Ahmed et al., 2023; Wu et al., 

2024).  

Table 4.2 provides a comparative analysis of various telecommunication technologies, 

including AI-enhanced Reconfigurable Intelligent Surfaces (RIS), traditional cellular 

networks, fiber optic technology, LiFi, smart antenna systems, quantum 

communications, and satellite internet. This table evaluates each technology based on 

key parameters such as cost, scalability, flexibility, security, and their suitability for 

urban environments. AI-enhanced RIS stands out with high scalability, flexibility, and 

security, making it excellent for urban settings. In contrast, technologies like quantum 

communications, while offering very high security, face challenges in scalability and 

urban adaptability due to their high cost and specific infrastructure requirements 

(Noaeen et al., 2022; Almatar, 2023).  

Table 4.2 Comparison of Telecommunication Technologies 

Technology Cost Scalability Flexibility Security 

Suitability for 

Urban 

Environments 

AI-enhanced RIS Moderate High Very High High Excellent 

Traditional 

Cellular 

Low Moderate Low Moderate Good 

Fiber Optic 

Technology 

High Low Low Very 

High 

Moderate 

LiFi Moderate Moderate Moderate High Good 

Smart Antenna 

Systems 

Moderate High High High Excellent 

Quantum 

Communications 

Very 

High 

Low Low Very 

High 

Poor 

Satellite Internet High High Moderate Moderate Moderate 
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4.3.1 In-depth Analysis of Traditional Cellular Networks versus AI-Enhanced RIS 

Traditional cellular networks have been the backbone of mobile communication 

systems, utilizing fixed base stations strategically positioned to provide coverage over 

designated areas. These networks have historically relied on a static infrastructure that 

includes cell towers and various support equipment, which can cover extensive regions 

depending on the tower's capacity and location. However, the architecture of traditional 

cellular networks often leads to several challenges, especially in densely populated urban 

environments (Rahimpour et al., 2024).  

One significant issue is signal attenuation, where building materials, urban topography, 

and other obstructions weaken the signals as they travel from the base station to the user's 

device. This attenuation is particularly problematic in cities with high-rise buildings and 

complex infrastructures, which can block or degrade the transmission of radio 

frequencies. Moreover, the fixed nature of cell towers limits the network's ability to 

adapt to dynamic changes in demand. During peak times, such as during large public 

events or in highly trafficked areas, the network can become congested, leading to 

dropped calls and slow data speeds (Deepanramkumar & Helensharmila, 2024)  

Additionally, the scalability of traditional networks in urban settings is often constrained 

by the physical and regulatory challenges of installing more towers. The process not only 

involves significant infrastructure costs but also ongoing maintenance expenses and 

logistical hurdles, such as obtaining permits and negotiating with landowners. This can 

make it difficult and expensive to expand network capacity to meet growing demands 

(Zhang et al., 2021). 

In contrast, AI-enhanced Reconfigurable Intelligent Surfaces (RIS) offer a 

transformative approach to overcoming these limitations. By integrating AI with RIS, 

the technology can dynamically manipulate incoming and outgoing signals to optimize 

coverage and signal strength without the need for additional physical transmitters. AI 

algorithms enable RIS to adjust in real-time to changes in the environment, such as 

moving vehicles and fluctuating user densities, by altering the phase and amplitude of 

reflected waves. This capability allows RIS to enhance signal propagation and 

intelligently route communications around obstacles, effectively reducing signal 

attenuation and improving connectivity (Chen et al., 2023).  

Furthermore, AI-enhanced RIS can be implemented with less physical intrusion and at 

a lower cost compared to building new cell towers. They can be installed on existing 

structures like building facades or billboards, seamlessly integrating into the urban 

landscape while consuming less energy. This not only addresses the scalability issues 
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faced by traditional networks but also significantly cuts down on urban clutter and the 

environmental impact associated with the construction and operation of additional 

network infrastructure (Trakadas et al., 2021; Tödtling et al., 2022). 

By leveraging the dynamic capabilities of AI-enhanced RIS, cities can enhance their 

telecommunications infrastructure to be more adaptive, efficient, and capable of meeting 

the modern demands of urban connectivity, positioning RIS as a viable, cost-effective 

alternative to traditional cellular networks in urban settings. 

4.3.2 Exploring Fiber Optic Technology Versus AI-Driven RIS Integration 

Fiber optic technology has revolutionized data transmission, offering a backbone for the 

world's internet and communication infrastructure. Known for its high-speed capabilities 

and extensive bandwidth, fiber optics transmits data at speeds near the speed of light, 

using light pulses to carry information across vast distances. The inherent properties of 

fiber cables allow for a much lower attenuation and interference experience compared 

to traditional copper cables, making them ideal for maintaining signal integrity over long 

distances and providing robust connectivity that supports the bandwidth-hungry 

applications of modern technology (Nemati et al., 2021; Bariah et al., 2022).  

Despite these advantages, the deployment of fiber optic cables comes with significant 

challenges, particularly in urban and rapidly changing environments. The installation 

process for fiber optics is capital-intensive, involving extensive physical groundwork to 

lay the cables underground or within structures. This process can be disruptive to 

existing infrastructure and is often slowed by geographical and regulatory hurdles. 

Furthermore, once installed, fiber networks have limited flexibility to adapt to changes. 

Expanding or modifying the network to accommodate new developments or shifting 

urban dynamics requires additional construction, which can be both costly and 

impractical in densely built-up areas (Alexandropoulos et al., 2023).  

Moreover, fiber optic technology, while ideal for static installations, does not easily cater 

to temporary needs or emergency scenarios where quick deployment is necessary. For 

instance, setting up temporary connectivity solutions for events or disaster recovery 

scenarios is less feasible with fiber due to its fixed, immovable nature (Keykhosravi et 

al., 2022).  

In contrast, AI-driven Reconfigurable Intelligent Surfaces (RIS) present a 

complementary solution that can enhance the adaptability and reach of fiber optic 

networks. RIS technology, powered by artificial intelligence, is capable of dynamically 

optimizing wireless communication pathways in real-time. This technology can 

intelligently reflect and steer electromagnetic waves to areas that are otherwise difficult 
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to reach with traditional fiber deployments or where laying physical cables is not feasible 

(Keykhosravi et al., 2023).  

AI-driven RIS can be seamlessly integrated into existing urban landscapes, mounted on 

surfaces such as the sides of buildings or street furniture, thus providing enhanced 

connectivity without the need for extensive physical infrastructure. This setup allows for 

the extension of high-quality network coverage into areas that lack fiber infrastructure, 

bridging the gap between high-speed fiber-optic networks and areas they cannot 

economically or practically reach (Diamanti et al., 2021; Zhao et al., 2022).  

Additionally, the flexibility of AI-enhanced RIS makes it ideal for providing temporary 

or emergency connectivity solutions, adapting quickly to the needs of the environment 

without the logistical constraints associated with physical cable deployment. By 

complementing fiber optic technology with RIS, cities and service providers can create 

a hybrid communication infrastructure that leverages the high-speed, reliable backbone 

of fiber optics along with the adaptable, low-impact capabilities of RIS, ensuring 

comprehensive, resilient, and future-proof connectivity across varied urban scenarios 

(Almatar, 2024; Huda et al., 2024).  

4.3.3 LiFi Technology Versus AI-Enhanced RIS: Bridging Connectivity Gaps 

LiFi, or Light Fidelity, represents a cutting-edge advancement in communication 

technology, utilizing the visible light spectrum to transmit data. This technology 

converts light emitted by LED bulbs into a medium for high-speed data communication, 

offering speeds that can rival traditional Wi-Fi systems. One of the standout features of 

LiFi is its use of light waves instead of radio frequencies, which significantly reduces 

exposure to electromagnetic radiation, a concern in densely populated urban settings 

where health and safety regulations are becoming more stringent (Sheraz et al., 2024)  

LiFi systems offer a high level of security, primarily because light cannot penetrate 

walls. This characteristic ensures that data transmission is contained within visible 

boundaries, making it exceedingly difficult for unauthorized access outside of these 

confines. Moreover, the high bandwidth available through LiFi means it can support the 

increasingly data-intensive applications of smart cities and IoT devices without the 

bandwidth constraints often experienced with conventional wireless networks (Bhide et 

al., 2024)  

However, the very nature of LiFi that contributes to its secure and fast data transmission 

also imposes significant limitations. The requirement for a direct line of sight and the 

inability of light to pass through opaque objects mean that LiFi's effective range is 

confined to the visibility of light. This line-of-sight dependency restricts the flexibility 

and scalability of LiFi, particularly in complex urban environments where obstructions 
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are common, and users may move between various indoor and outdoor settings 

seamlessly (Chaccour et al., 2024).   

In contrast, AI-enhanced Reconfigurable Intelligent Surfaces (RIS) offer a compelling 

complementary technology to LiFi. Unlike LiFi, RIS does not require line-of-sight 

connectivity. RIS can manipulate electromagnetic waves, redirecting and reshaping 

radio frequencies to navigate around physical barriers and extend coverage to shadowed 

areas where direct light cannot reach. This capability allows RIS to maintain continuous 

and flexible connectivity across a range of urban landscapes, from the interiors of 

buildings to crowded public spaces, overcoming the inherent limitations of LiFi (El-Hajj, 

2025).  

The integration of AI within RIS further enhances this capability by enabling dynamic 

adaptation to the environment. AI algorithms can analyze the propagation of signals in 

real-time and adjust the RIS settings to optimize signal paths, ensuring reliable 

connectivity even in conditions where LiFi would falter. This makes AI-driven RIS an 

ideal partner or alternative to LiFi in environments where obstructions are unavoidable 

but high-speed, secure communication is still required (Chen et al., 2021).  

In summary, while LiFi offers advantages in terms of speed, security, and reduced 

radiation exposure, its practical application is limited by environmental constraints. AI-

enhanced RIS, on the other hand, provides a versatile solution capable of overcoming 

these barriers, making it a valuable technology for enhancing urban communication 

infrastructures where both visibility and obstructions play critical roles in connectivity 

dynamics. 

4.3.4 Comparative Analysis of Smart Antenna Systems and AI-Enhanced RIS 

Smart antenna systems represent a significant advancement in wireless communication 

technology, utilizing multiple antennas for both transmission and reception to 

dynamically manage radio signals. These systems adjust their beam patterns to optimize 

signal quality and coverage, actively adapting to changes in traffic patterns and signal 

conditions. This dynamic adjustment is achieved through techniques such as 

beamforming, which focuses the antenna array's power on specific directions to enhance 

signal strength and reduce interference from other directions (Al-Hilo et al., 2022; Katwe 

et al., 2024).  

Smart antennas are particularly effective in environments where the wireless spectrum 

is crowded, and interference from multiple sources can degrade communication quality. 

By concentrating the signal in desired directions, smart antennas not only improve the 

efficiency of the transmission but also enhance the overall capacity of the network. This 
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capability is crucial in urban areas where high-density usage and the physical layout can 

create challenging signal environments (Alfattani et al., 2021).  

While smart antennas offer substantial improvements in signal management, AI-

enhanced Reconfigurable Intelligent Surfaces (RIS) extend these capabilities further by 

incorporating the physical manipulation of electromagnetic environments. Unlike smart 

antennas, which adjust beam patterns through antenna orientations and power 

distributions, RIS equipped with AI can modify the properties of the physical surface 

itself to affect how radio waves are reflected, refracted, or absorbed. This adjustment 

allows for a more intricate interaction with the environment, where the RIS can 

effectively "shape" the electromagnetic field in three-dimensional space (Dajer et al., 

2022).   

The integration of AI algorithms in RIS systems enables a deeper level of environmental 

adaptability. AI can analyze complex scenarios in real-time, adjusting the RIS 

parameters to not only direct signals away from obstacles but also to enhance signal 

fidelity and propagation in non-line-of-sight conditions. This capability is particularly 

advantageous in densely built-up areas or in scenarios where the environment is 

constantly changing, such as in urban centers with high mobility rates (Bibri et al., 2024).  

Furthermore, the AI-enhanced RIS does not just passively manage signals but actively 

participates in creating an optimal electromagnetic environment for communication. 

This proactive management can lead to significant improvements in network 

performance, including increased coverage, better signal quality, and more efficient use 

of the spectrum. These enhancements are beyond the reach of traditional smart antenna 

systems and mark a significant step forward in the evolution of telecommunications 

technology (Samuel et al., 2022).  

In conclusion, while smart antennas and AI-enhanced RIS share the goal of improving 

signal management through dynamic adjustments, the latter offers a broader range of 

environmental interactions and efficiencies. The ability of RIS to manipulate physical 

surfaces for electromagnetic optimization, combined with AI's real-time adaptive 

capabilities, provides a more comprehensive solution for challenging urban 

communication environments, making AI-enhanced RIS a superior choice in terms of 

versatility and overall performance enhancement. 

4.3.5 Evaluating Quantum Communications and Satellite Internet alongside AI-

Enhanced RIS 

Quantum communications and satellite internet are two cutting-edge technologies poised 

to redefine the landscape of global telecommunications. Quantum communications offer 

a leap forward in security, utilizing the principles of quantum mechanics to create 
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virtually unbreakable encryption. This technology is particularly appealing for critical 

infrastructure and national security applications, where the integrity of communication 

is paramount. On the other hand, satellite internet is designed to provide wide-reaching 

coverage, extending connectivity to remote and underserved areas across the globe. This 

technology is especially vital in bridging the digital divide, ensuring that geographic 

isolation does not equate to digital exclusion (Sharma et al., 2024; Xiao et al., 2024). 

Despite their transformative potential, both quantum communications and satellite 

internet face significant barriers to widespread adoption. Quantum communication 

systems are still in their nascent stages, with substantial challenges in terms of network 

integration, cost, and the need for specialized hardware that can handle quantum signals. 

Similarly, while satellite internet technology has made considerable strides, issues such 

as high latency, weather susceptibility, and the significant costs associated with 

launching and maintaining satellites persist (Narottama et al., 2023).   

AI-enhanced Reconfigurable Intelligent Surfaces (RIS) present a complementary 

technology that could mitigate some of the limitations faced by quantum 

communications and satellite internet, particularly in urban settings. For satellite 

communications, AI-enhanced RIS could improve signal quality and reduce latency by 

optimizing signal paths dynamically, thus mitigating issues related to atmospheric 

interference and physical obstructions. This capability would be invaluable in urban 

areas, where high-rise buildings and dense infrastructures can disrupt satellite signals 

(Chakravarty & Gattupalli, 2024).  

Moreover, integrating AI with RIS could also enhance the application of quantum 

communications by stabilizing quantum signals as they travel through terrestrial 

environments. AI algorithms could be trained to predict and correct quantum signal 

degradation, potentially extending the range and reliability of quantum key distribution 

(QKD) networks. By adjusting the electromagnetic properties of surfaces in real-time, 

AI-enhanced RIS could help maintain the fidelity of quantum states transmitted over 

longer distances in urban settings, thereby overcoming one of the primary challenges in 

scaling quantum communications (Bonab et al., 2023).  

The synergy between AI-enhanced RIS and these advanced technologies could lead to a 

robust hybrid communication infrastructure. For instance, RIS could amplify, and clean 

satellite signals received in urban areas while integrating seamlessly with quantum 

encryption methods to provide a layer of security that complements the inherent benefits 

of quantum communications. This integration promises a dual advantage: extending the 

reach of satellite internet to urban cores where it is traditionally weak, and enhancing the 

security of communications via quantum methods, thus offering a comprehensive 

solution that addresses both accessibility and privacy concerns (Yu et al., 2024).  
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In summary, while quantum communications and satellite internet independently 

represent significant advancements in their respective fields, their integration with AI-

enhanced RIS could accelerate their adoption and maximize their impact in urban 

environments. This tripartite technological approach could provide a multifaceted 

solution that delivers secure, reliable, and universally accessible communication 

capabilities, heralding a new era in global connectivity (Zhao et al., 2024).  

This comparative analysis underscores the versatility and potential of AI-enhanced RIS 

as a complementary technology that aligns with the current trajectory of urban 

development. By leveraging AI, RIS not only addresses the limitations of existing 

telecommunications methods but also introduces a scalable, efficient solution adaptable 

to the dynamic needs of modern cities. This positions AI-enhanced RIS as a critical 

component in the future landscape of urban telecommunications, poised to work 

alongside and enhance traditional and emerging technologies. 

 

4.4 Case Studies: AI-Driven RIS Adaptations 

Exploring practical implementations of AI-driven Reconfigurable Intelligent Surfaces 

(RIS) can provide valuable insights into their impact and effectiveness in real-world 

scenarios. Below are selected case studies that highlight the transformative role of AI in 

optimizing RIS for enhanced connectivity and performance in diverse urban settings. 

4.4.1 Smart City Connectivity in Singapore 

Singapore's transformation into a "Smart Nation" has been significantly advanced by its 

pioneering integration of Reconfigurable Intelligent Surfaces (RIS) and Artificial 

Intelligence (AI) within its urban infrastructure, marking a substantial enhancement in 

city-wide connectivity and supporting a broad array of IoT applications and services. In 

a strategic effort to boost urban connectivity, Singapore implemented RIS on the 

exteriors of key buildings and major public transportation hubs. This deployment was 

aimed primarily at enhancing signal coverage in densely populated areas where 

traditional communication networks often face difficulties with signal penetration and 

interference. The use of advanced AI algorithms was crucial in dynamically managing 

the RIS configurations to optimize signal propagation based on real-time environmental 

data and user demand, ensuring robust connectivity even in areas typically challenged 

by poor signal penetration (Kumar et al., 2024). 

The operational effectiveness of this AI-driven RIS deployment is evident in the 

quantitative improvements in network performance. Enhanced metrics such as increased 

signal strength and coverage, along with reduced connectivity drop-offs by 

approximately 30% in previously under-served areas, illustrate the tangible benefits of 
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this technology. Additionally, network throughput increased by up to 25%, significantly 

boosting data transmission speeds across the network. These improvements not only 

enhanced the quality of connectivity but also facilitated more efficient handling of 

network traffic, effectively reducing bottlenecks during peak times. AI's predictive 

capabilities enabled proactive network management, allowing for anticipatory 

adjustments to maintain optimal service levels continuously, which was instrumental in 

ensuring the network's robustness and reliability (Payadnya et al., 2024).  

The societal impacts of deploying AI-enhanced RIS technology are profound, with 

residents and businesses experiencing improved mobile connectivity and faster internet 

speeds, facilitating the broader adoption of smart technologies such as autonomous 

vehicles and advanced home automation systems. This technological integration has not 

only enriched the daily lives of Singapore's citizens but also enhanced urban operability 

and efficiency. Moreover, the project has contributed positively to sustainability efforts; 

optimizing network efficiency has led to significant energy savings and reduced carbon 

emissions, further aligning with Singapore's environmental and sustainability goals 

(Mishra & Singh, 2023).  

Encouraged by the success of this project, Singapore plans to expand the deployment of 

RIS technology throughout the city. Future initiatives aim to integrate RIS with other 

emerging smart technologies, such as 5G networks and beyond, to further enhance the 

capabilities of urban infrastructure. This expansion is expected to support more advanced 

applications, including augmented reality experiences and comprehensive urban 

management systems, driving forward Singapore's vision of a fully integrated Smart 

Nation (Chen et al., 2023). 

This case study not only highlights the effective use of AI-driven RIS in enhancing urban 

connectivity but also sets a benchmark for other cities aiming to transform into smart 

urban environments. Singapore's methodical approach and successful integration of 

cutting-edge technologies provide a scalable and replicable model for other metropolises 

seeking to enhance their infrastructural and operational dynamics, fostering smarter, 

more sustainable communities worldwide. 

Figure 4.2 illustrates the sophisticated integration of Reconfigurable Intelligent Surfaces 

(RIS) and Artificial Intelligence (AI) within Singapore's urban landscape, pivotal in 

transforming it into a Smart Nation. Key icons represent the deployment of RIS on 

critical infrastructure and AI's role in dynamically managing these systems for enhanced 

city-wide connectivity. The diagram also highlights the extensive use of IoT applications 

enabled by robust signal improvements, the societal benefits of improved connectivity 

such as advanced urban mobility and automation, and the contribution to sustainability 

goals through optimized network efficiencies and reduced emissions. This case study 
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exemplifies the effective use of cutting-edge technologies to foster a highly connected, 

sustainable urban environment. 

 

Figure 4.2 Integration of RIS and AI in Singapore's Smart City Infrastructure 

4.4.2 Emergency Response Enhancement in San Francisco 

San Francisco, a city frequently confronted by natural disasters such as earthquakes and 

wildfires, has taken a proactive step in enhancing its emergency response capabilities 

through the innovative integration of Reconfigurable Intelligent Surfaces (RIS) equipped 

with Artificial Intelligence (AI). This case study demonstrates how this technology has 

been critical in maintaining essential communication lines during disasters, thereby 

significantly bolstering the city's resilience and response strategies. In anticipation of the 

vulnerabilities associated with traditional communication networks which include 

susceptibility to physical damage and power outages during disasters San Francisco has 

strategically deployed RIS technology at various critical locations such as emergency 

shelters, hospitals, and fire stations. The core objective of this initiative has been to 

ensure that communication networks remain operational even in the most severe 

circumstances, thereby facilitating effective coordination among emergency services 

(Mohsen, 2024). 

The role of AI in this deployment cannot be overstated, as it enables the real-time 

adaptation of RIS to swiftly change environmental conditions. Following disasters, AI 

systems are tasked with quickly assessing the altered urban landscape to identify new 

optimal paths for signal transmission that circumvent disrupted areas. This capability 
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was particularly pivotal during the aftermath of the 2023 San Francisco earthquake, 

where AI-driven RIS played an essential role in swiftly restoring communication, thus 

ensuring uninterrupted coordination of rescue and relief efforts. The quantitative impact 

of this deployment during the earthquake included a 40% reduction in communication 

downtime and a 30% increase in the efficiency of emergency response operations 

compared to previous disasters (Felicetti & Niccolucci, 2024).  

The deployment of AI-enhanced RIS proved instrumental during such critical times, 

significantly reducing the downtime of communication networks and thereby 

accelerating the emergency response. The robustness of this system allowed first 

responders and medical teams to communicate effectively across the impacted areas, 

optimizing rescue operations and medical interventions. This capability not only 

enhanced public safety and community resilience but also contributed to a faster overall 

recovery for the city (Liu & Huang, 2020).  

Looking ahead, San Francisco is committed to expanding the use of RIS technology to 

further bolster its disaster preparedness and emergency response framework. Future 

enhancements will focus on integrating RIS with other emerging technologies such as 

drone communication systems and mobile command centers. This strategic direction 

aims to create a more interconnected and resilient emergency management infrastructure 

that can anticipate and respond to the dynamic challenges of urban disasters (Hanafi et 

al., 2024).  

This case study not only underscores the transformative impact of AI-driven RIS in 

enhancing emergency communication capabilities in disaster-prone urban settings but 

also provides a replicable model for other cities aiming to fortify their emergency 

response systems using advanced technology. San Francisco's approach highlights the 

city's commitment to leveraging cutting-edge innovations to ensure a quicker, more 

efficient, and effective response to natural disasters, thereby enhancing urban resilience 

and safeguarding public safety. 

4.4.3 Traffic Management in Dubai 

Dubai, renowned for its commitment to futuristic infrastructure and substantial 

investments in smart city technologies, has embraced the integration of Reconfigurable 

Intelligent Surfaces (RIS) augmented with Artificial Intelligence (AI) to transform its 

traffic management systems. This case study explores how Dubai has effectively 

implemented this technology to enhance vehicle-to-infrastructure (V2I) communication, 

thereby significantly improving traffic flow and reducing congestion on its roads. As 

part of its strategy to manage escalating traffic demands and enhance road safety, Dubai 

has deployed RIS technology along major highways and crucial intersections. This 

initiative is aimed at strengthening communication between vehicles and traffic control 
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systems, which facilitates a smoother flow of traffic and heightens the responsiveness of 

the infrastructure to real-time traffic conditions (Elassy et al., 2024).  

AI plays a pivotal role in this technological integration, where it analyzes traffic data 

collected from various sensors and cameras in real-time. The AI algorithms are crucial 

as they dynamically adjust the RIS to optimize signal transmission between vehicles and 

infrastructure, ensuring clear and continuous communication. This advanced capability 

supports sophisticated traffic management strategies, such as adaptive traffic signaling 

and real-time rerouting advisories. These strategies are instrumental in alleviating 

congestion and minimizing delays, thus streamlining urban traffic flows (Kataria et al., 

2024). 

The implementation of AI-driven RIS has profoundly impacted traffic management in 

Dubai. Enhanced V2I communication has facilitated a more efficient utilization of traffic 

signals and dynamic message signs, leading to a significant reduction in traffic jams and 

road accidents. Quantitatively, the improvements have led to a 25% reduction in average 

travel time during peak hours and a 30% decrease in traffic-related incidents annually. 

Moreover, the system boosts the operational efficiency of public transportation and 

emergency services by providing them with priority routing and dedicated 

communication channels, thereby enhancing the overall public service delivery and 

response times during emergencies (Ponnusamy et al., 2024).  

Looking forward, Dubai is encouraged by the success of this project and plans to further 

expand the deployment of RIS technology to more areas of the city. Additionally, future 

initiatives aim to integrate RIS with upcoming autonomous vehicle networks and 

leverage AI-enhanced RIS for environmental monitoring and management. By using 

real-time data to adjust traffic flows based on environmental conditions and pollution 

levels, these initiatives will contribute to Dubai's sustainability goals and help manage 

urban environmental impacts more effectively (Butt et al., 2022).  

This case study not only underscores Dubai's innovative approach to managing its 

complex traffic systems through AI-enhanced RIS but also sets a benchmark for other 

cities aiming to improve urban mobility and safety through advanced technology. 

Dubai's proactive and forward-thinking implementation serves as a model for how 

integrating cutting-edge technologies like RIS and AI can significantly advance urban 

infrastructure, making cities smarter, more connected, and more sustainable. 

4.4.4 Public Safety Communications in Tokyo 

Tokyo, a city known for its dense population and high technological integration, has 

recently implemented Reconfigurable Intelligent Surfaces (RIS) equipped with Artificial 

Intelligence (AI) to improve its public safety communications systems. This case study 
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delves into how Tokyo has utilized AI-driven RIS to significantly enhance emergency 

response capabilities across the city, particularly in disaster-prone areas (Kanbara et al., 

2024).  

The integration of RIS technology in Tokyo was strategically planned to enhance 

communication during emergencies such as earthquakes, typhoons, and other natural 

disasters, which are frequent in Japan. These intelligent surfaces have been installed in 

critical public safety infrastructure locations including emergency operation centers, 

hospitals, and schools. The primary objective of this deployment is to ensure robust and 

resilient communication links that remain operational even when conventional networks 

fail (Pauu et al., 2024) . 

AI algorithms play a critical role in this deployment by continuously analyzing 

communication traffic and environmental conditions to optimize the RIS settings in real-

time. This dynamic adjustment is essential during emergencies, where rapid changes in 

the network load and physical obstructions due to debris can disrupt standard 

communications. For instance, during the 2021 Tokyo earthquake, AI-enhanced RIS 

systems were instrumental in rerouting communications to ensure uninterrupted contact 

between first responders and command centers (Lauri et al., 2023).  

The outcomes of implementing AI-driven RIS in Tokyo have been profoundly positive, 

with a 40% improvement in communication reliability during disasters and a 50% 

reduction in the restoration time of communication networks post-disaster. These 

enhancements have allowed for quicker coordination of emergency services, 

significantly improving rescue operations and medical response times (Adu-Gyamfi et 

al., 2024).  

Looking ahead, Tokyo plans to expand this technology to include more areas within the 

city and to integrate further with other disaster management technologies, such as 

satellite communications and advanced predictive analytics. This expansion aims to 

create a more comprehensive and integrated emergency communication and 

management system, enhancing the city’s overall resilience to natural disasters. 

This case study illustrates the critical role of AI-driven RIS in enhancing public safety 

communications in Tokyo, providing a replicable model for other cities with similar 

challenges and technological capabilities. Tokyo's use of cutting-edge technology to 

safeguard its inhabitants sets a standard in disaster resilience and emergency response 

optimization. 

4.4.5 Environmental Monitoring and Public Health in Helsinki 

Helsinki has leveraged Reconfigurable Intelligent Surfaces (RIS) equipped with 

Artificial Intelligence (AI) to enhance environmental monitoring and public health 
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management. This case study explores how this integration has revolutionized the city's 

approach to managing air quality and environmental hazards, contributing significantly 

to public health (Tiwari et al., 2023).  

In response to increasing concerns about urban air quality and its impact on public health, 

Helsinki initiated the deployment of RIS technology integrated with AI across multiple 

urban zones known for high pollution levels. These zones include major traffic arteries, 

industrial areas, and densely populated residential sectors. The primary goal of this 

innovative approach was to optimize real-time monitoring and management of 

environmental pollutants and to disseminate information rapidly to the public and 

relevant authorities (Al-Raeei, 2024).  

AI algorithms are integral to this system, processing data from environmental sensors 

that measure pollutants like NO2, PM2.5, and CO2. RIS technology enhances the range 

and accuracy of sensor data transmission across Helsinki's urban landscape, enabling a 

comprehensive real-time environmental monitoring network. AI's role extends to 

analyzing patterns in environmental data to predict pollution hotspots and potential 

public health risks, facilitating proactive measures (Sipola et al., 2023).  

The impact of this AI-driven RIS deployment has been significant. For example, during 

a recent smog event, the system identified elevated pollution levels in real-time, 

triggering alerts that advised residents in affected areas to minimize outdoor activities. 

Additionally, the system provided data-driven insights to city planners, who used this 

information to adjust traffic flow and industrial operations, effectively reducing pollutant 

levels (Byeon, 2021).  

Future plans in Helsinki involve scaling this technology to include predictive health 

advisories and integrating with healthcare systems to manage population health more 

dynamically. This expansion aims to use AI-enhanced RIS not only for monitoring but 

also for actively managing the city's environment in ways that directly bolster public 

health. 

This case study underscores Helsinki's innovative use of AI-enhanced RIS in 

environmental monitoring as a crucial element of its public health strategy, setting a 

precedent for other cities aiming to enhance urban health outcomes through advanced 

technological integration. 

4.4.6 Energy Management in Tokyo 

In a groundbreaking approach to urban energy management, Tokyo has integrated 

Artificial Intelligence (AI) with Reconfigurable Intelligent Surfaces (RIS) to create a 

highly efficient, responsive, and sustainable energy distribution system. This case study 

explores the deployment of this innovative technology across Tokyo's urban landscape, 
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focusing on its effectiveness in enhancing energy efficiency and sustainability within the 

metropolitan area. 

The city's strategy involved installing RIS panels on the facades of buildings and other 

key infrastructures, transforming these passive structures into active components of the 

energy network. The placement of these panels was meticulously planned to capture 

ambient electromagnetic energies and optimize their redistribution across the city, 

particularly during periods of fluctuating energy demand (Takeda et al., 2021). 

Central to the success of this initiative is the use of sophisticated AI algorithms that 

continuously monitor and analyze energy consumption patterns throughout the city. 

These algorithms are designed to adapt the RIS configurations in real-time, allowing for 

the absorption of surplus energy during off-peak hours and its redirection during peak 

demand periods. This dynamic management helps balance the energy load on the grid, 

reducing stress and enhancing the efficiency of the city's power distribution framework 

(Stecuła et al., 2023).  

The impact of this technology has been significant, particularly in improving the 

resilience of Tokyo's energy infrastructure. By effectively managing energy distribution, 

the system helps prevent power outages, reduces reliance on non-renewable power 

sources during peak times, and decreases overall energy waste. For example, during 

periods of high demand in the summer, the system has been crucial in managing the load 

without the need for additional power generation, which typically incurs high costs and 

environmental impacts (Yang et al., 2021).  

Looking forward, Tokyo is set to further advance this system by integrating it with 

renewable energy projects, such as solar and wind power. The next phase of development 

aims to use AI-enhanced RIS to stabilize the grid as these renewable sources are 

introduced, ensuring that the transition to a greener energy mix does not compromise the 

reliability of the power supply. 

This initiative not only underscores Tokyo's commitment to technological innovation in 

urban planning but also serves as a model for other cities aiming to enhance their energy 

management systems and reduce their carbon footprint. The use of AI-driven RIS in this 

context illustrates the potential for smart technologies to significantly improve urban 

sustainability and efficiency. 

Table 4.3 illustrates the distinct outcomes and benefits of AI-driven Reconfigurable 

Intelligent Surfaces (RIS) in enhancing public safety communications and energy 

management in Tokyo. The table highlights key performance metrics such as 

communication reliability, energy savings, and operational efficiency improvements. In 

the realm of public safety, AI-driven RIS has significantly improved communication 
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reliability by 40% and halved emergency response times, critical in disaster-prone urban 

settings like Tokyo. Conversely, in energy management, these systems have facilitated 

a 20% reduction in energy consumption and enhanced load balancing, contributing to a 

more sustainable urban infrastructure (Lifelo et al., 2024) (Safari et al., 2024).  

Table 4.3 Comparative Impact of AI-Driven RIS on Public Safety and Energy 

Management 

Parameter Public Safety in Tokyo Energy Management in Tokyo 

Communication Reliability Improved by 40% Stability Enhanced 

Energy Savings N/A Reduced Consumption by 20% 

Operational Efficiency Response Time Halved Load Balancing Improved 

 

 

4.5 Conclusion 

In conclusion, Chapter 4 of the monograph delineates the critical role of Artificial 

Intelligence (AI) in significantly enhancing the capabilities of Reconfigurable Intelligent 

Surfaces (RIS) within urban infrastructures, particularly in the realms of signal 

processing and environmental adaptation. The discussions within the chapter underscore 

the transformative potential of AI in dynamically optimizing RIS to meet the unique and 

fluctuating demands of urban communication networks, thereby facilitating smarter, 

more connected cities. 

AI's integration into RIS is not merely an incremental improvement but a paradigm shift 

that offers profound enhancements in how urban infrastructures communicate and 

interact with their environments. The use of various AI algorithms—ranging from 

optimization algorithms and machine learning models to deep learning frameworks—

enables RIS to dynamically adjust to changing environmental conditions and 

communication requirements. This capability allows for unprecedented adaptability and 

efficiency, turning urban areas into highly responsive and intelligent environments. 

Furthermore, the chapter articulates how AI-driven RIS can significantly outperform 

traditional telecommunications technologies by offering greater flexibility, scalability, 

and security. The ability of AI-enhanced RIS to optimize signal propagation dynamically 

and manage complex data and environmental interactions far exceeds the capabilities of 

existing technologies, including traditional cellular networks, fiber optics, and even 

emerging technologies like LiFi and smart antennas. 
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The detailed comparative analysis presented in the chapter highlights the superiority of 

AI-enhanced RIS in urban settings, where adaptability and minimal physical intrusion 

are paramount. This analysis not only positions AI-driven RIS as a pivotal technology 

for contemporary urban challenges but also emphasizes its role as a foundational 

technology for future urban development. AI-enhanced RIS technologies are portrayed 

not just as tools for improving connectivity but as essential components of sustainable 

urban growth, supporting a wide range of applications from IoT integration to 

autonomous vehicle networking. 

Overall, Chapter 4 convincingly sets the stage for subsequent discussions on specific 

applications and case studies, illustrating the practical benefits and future potential of 

AI-driven RIS in urban settings. By thoroughly discussing the theoretical and practical 

aspects of AI applications in RIS, the chapter provides a comprehensive understanding 

of this advanced technology’s role in crafting the smart cities of the future. It highlights 

how AI-enhanced RIS is not merely an addition to the urban technological landscape but 

a critical infrastructure evolution that will drive the smart cities agenda forward, making 

urban areas more adaptable, resilient, and intelligent. 

 

References  

Pan, C., Zhou, G., Zhi, K., Hong, S., Wu, T., Pan, Y., ... & Zhang, A. Y. (2022). An overview of 

signal processing techniques for RIS/IRS-aided wireless systems. IEEE Journal of Selected 

Topics in Signal Processing, 16(5), 883-917. https://doi.org/10.1109/JSTSP.2022.3195671 

Fan, X., Liu, M., Chen, Y., Sun, S., Li, Z., & Guo, X. (2022). RIS-assisted UAV for fresh data 

collection in 3D urban environments: A deep reinforcement learning approach. IEEE 

Transactions on Vehicular Technology, 72(1), 632-647. 

https://doi.org/10.1109/TVT.2022.3203008 

Khaled, A., Alwakeel, A. S., Shaheen, A. M., Fouda, M. M., & Ismail, M. I. (2024). Placement 

Optimization and Power Management in a Multiuser Wireless Communication System With 

Reconfigurable Intelligent Surfaces. IEEE Open Journal of the Communications Society.  

Azam, Z., Islam, M. M., & Huda, M. N. (2023). Comparative analysis of intrusion detection 

systems and machine learning based model analysis through decision tree. IEEE Access. 

https://doi.org/10.1109/ACCESS.2023.3296444 

Li, F., Yigitcanlar, T., Nepal, M., Nguyen, K., & Dur, F. (2023). Machine learning and remote 

sensing integration for leveraging urban sustainability: A review and framework. Sustainable 

Cities and Society, 96, 104653. https://doi.org/10.1016/j.scs.2023.104653 

Yang, B., Cao, X., Xu, J., Huang, C., Alexandropoulos, G. C., Dai, L., ... & Yuen, C. (2023). 

Reconfigurable intelligent computational surfaces: When wave propagation control meets 

computing. IEEE Wireless Communications, 30(3), 120-128. 

https://doi.org/10.1109/MWC.005.2200487 

https://doi.org/10.1109/JSTSP.2022.3195671
https://doi.org/10.1109/TVT.2022.3203008
https://doi.org/10.1109/ACCESS.2023.3296444
https://doi.org/10.1016/j.scs.2023.104653
https://doi.org/10.1109/MWC.005.2200487


  

https://deepscienceresearch.com 82 

Peng, Z., Li, T., Pan, C., Ren, H., Xu, W., & Di Renzo, M. (2021). Analysis and optimization for 

RIS-aided multi-pair communications relying on statistical CSI. IEEE Transactions on 

Vehicular Technology, 70(4), 3897-3901. https://doi.org/10.1109/TVT.2021.3062710 

Zhou, H., Erol-Kantarci, M., Liu, Y., & Poor, H. V. (2023). A survey on model-based, heuristic, 

and machine learning optimization approaches in RIS-aided wireless networks. IEEE 

Communications Surveys & Tutorials. https://doi.org/10.1109/COMST.2023.3340099 

Aboagye, S., Ndjiongue, A. R., Ngatched, T. M., Dobre, O. A., & Poor, H. V. (2022). RIS-

assisted visible light communication systems: A tutorial. IEEE Communications Surveys & 

Tutorials, 25(1), 251-288. https://doi.org/10.1109/COMST.2022.3225859 

Leal Filho, W., Wall, T., Mucova, S. A. R., Nagy, G. J., Balogun, A. L., Luetz, J. M., ... & Gandhi, 

O. (2022). Deploying artificial intelligence for climate change adaptation. Technological 

Forecasting and Social Change, 180, 121662. https://doi.org/10.1016/j.techfore.2022.121662 

Tu, Q., Dong, Z., Xie, C., Zou, X., Wei, N., Li, Y., & Xu, F. (2024). A Deep Reinforcement 

Learning‐Based Physical Layer Security Enhancement Design for RIS‐Aided mmWave 

Communications With Practical Constraints. Transactions on Emerging Telecommunications 

Technologies, 35(11), e70007. https://doi.org/10.1002/ett.70007 

Alhussien, N., & Gulliver, T. A. (2024). Toward AI-Enabled Green 6G Networks: A Resource 

Management Perspective. IEEE Access. https://doi.org/10.1109/ACCESS.2024.3460656 

Almatar, K. M. (2022). Transit-oriented development in Saudi Arabia: Riyadh as a case study. 

Sustainability, 14(23), 16129. https://doi.org/10.3390/su142316129 

Mahmood, M. R., Matin, M. A., Sarigiannidis, P., & Goudos, S. K. (2022). A comprehensive 

review on artificial intelligence/machine learning algorithms for empowering the future IoT 

toward 6G era. IEEE Access, 10, 87535-87562. 

https://doi.org/10.1109/ACCESS.2022.3199689 

Pasupuleti, V., Thuraka, B., Kodete, C. S., & Malisetty, S. (2024). Enhancing supply chain agility 

and sustainability through machine learning: Optimization techniques for logistics and 

inventory management. Logistics, 8(3), 73. https://doi.org/10.3390/logistics8030073 

Wu, N., Jiang, R., Wang, X., Yang, L., Zhang, K., Yi, W., & Nallanathan, A. (2024). AI-

Enhanced Integrated Sensing and Communications: Advancements, Challenges, and 

Prospects. IEEE Communications Magazine, 62(9), 144-150. 

https://doi.org/10.1109/MCOM.001.2300724 

Ahmed, M., Wahid, A., Laique, S. S., Khan, W. U., Ihsan, A., Xu, F., ... & Han, Z. (2023). A 

survey on STAR-RIS: Use cases, recent advances, and future research challenges. IEEE 

Internet of Things Journal, 10(16), 14689-14711. https://doi.org/10.1109/JIOT.2023.3279357 

Almatar, K. M. (2023). Traffic congestion patterns in the urban road network:(Dammam 

metropolitan area). Ain Shams engineering journal, 14(3), 101886. 

https://doi.org/10.1016/j.asej.2022.101886 

Noaeen, M., Naik, A., Goodman, L., Crebo, J., Abrar, T., Abad, Z. S. H., ... & Far, B. (2022). 

Reinforcement learning in urban network traffic signal control: A systematic literature review. 

Expert Systems with Applications, 199, 116830. https://doi.org/10.1016/j.eswa.2022.116830 

Rahimpour, H., Amini, A. B., Sharifi, F., Fahmi, A., & Zinatloo-Ajabshir, S. (2024). Facile 

fabrication of next-generation sustainable brick and mortar through geopolymerization of 

construction debris. Scientific Reports, 14(1), 10914. https://doi.org/10.1038/s41598-024-

61688-x 

https://doi.org/10.1109/TVT.2021.3062710
https://doi.org/10.1109/COMST.2023.3340099
https://doi.org/10.1109/COMST.2022.3225859
https://doi.org/10.1016/j.techfore.2022.121662
https://doi.org/10.1002/ett.70007
https://doi.org/10.1109/ACCESS.2024.3460656
https://doi.org/10.3390/su142316129
https://doi.org/10.1109/ACCESS.2022.3199689
https://doi.org/10.3390/logistics8030073
https://doi.org/10.1109/MCOM.001.2300724
https://doi.org/10.1109/JIOT.2023.3279357
https://doi.org/10.1016/j.asej.2022.101886
https://doi.org/10.1016/j.eswa.2022.116830
https://doi.org/10.1038/s41598-024-61688-x
https://doi.org/10.1038/s41598-024-61688-x


  

https://deepscienceresearch.com 83 

Deepanramkumar, P., & Helensharmila, A. (2024). AI-Enhanced Quantum-Secured IoT 

Communication Framework for 6G Cognitive Radio Networks. IEEE Access. 

https://doi.org/10.1109/ACCESS.2024.3471711 

Zhang, J., Liu, H., Wu, Q., Jin, Y., Chen, Y., Ai, B., ... & Cui, T. J. (2021). RIS-aided next-

generation high-speed train communications: Challenges, solutions, and future directions. 

IEEE Wireless Communications, 28(6), 145-151. https://doi.org/10.1109/MWC.001.2100170 

Chen, H., Kim, H., Ammous, M., Seco-Granados, G., Alexandropoulos, G. C., Valaee, S., & 

Wymeersch, H. (2023). RISs and sidelink communications in smart cities: The key to 

seamless localization and sensing. IEEE Communications Magazine, 61(8), 140-146. 

https://doi.org/10.1109/MCOM.001.2200970 

Trakadas, P., Sarakis, L., Giannopoulos, A., Spantideas, S., Capsalis, N., Gkonis, P., ... & 

Conceição, L. (2021). A cost-efficient 5G non-public network architectural approach: Key 

concepts and enablers, building blocks and potential use cases. Sensors, 21(16), 5578. 

https://doi.org/10.3390/s21165578 

Tödtling, F., Trippl, M., & Desch, V. (2022). New directions for RIS studies and policies in the 

face of grand societal challenges. European Planning Studies, 30(11), 2139-2156. 

https://doi.org/10.1080/09654313.2021.1951177 

Nemati, M., Maham, B., Pokhrel, S. R., & Choi, J. (2021). Modeling RIS empowered outdoor-

to-indoor communication in mmWave cellular networks. IEEE Transactions on 

Communications, 69(11), 7837-7850. https://doi.org/10.1109/TCOMM.2021.3104878 

Bariah, L., Mohjazi, L., Abumarshoud, H., Selim, B., Muhaidat, S., Tatipamula, M., ... & Haas, 

H. (2022). RIS-assisted space-air-ground integrated networks: New horizons for flexible 

access and connectivity. IEEE Network, 37(3), 118-125. 

https://doi.org/10.1109/MNET.123.2100761 

Alexandropoulos, G. C., Phan-Huy, D. T., Katsanos, K. D., Crozzoli, M., Wymeersch, H., 

Popovski, P., ... & Strinati, E. C. (2023). RIS-enabled smart wireless environments: 

Deployment scenarios, network architecture, bandwidth and area of influence. EURASIP 

Journal on Wireless Communications and Networking, 2023(1), 103. 

https://doi.org/10.1186/s13638-023-02295-8 

Keykhosravi, K., Keskin, M. F., Seco-Granados, G., Popovski, P., & Wymeersch, H. (2022). RIS-

enabled SISO localization under user mobility and spatial-wideband effects. IEEE Journal of 

Selected Topics in Signal Processing, 16(5), 1125-1140. 

https://doi.org/10.1109/JSTSP.2022.3175036 

Keykhosravi, K., Denis, B., Alexandropoulos, G. C., He, Z. S., Albanese, A., Sciancalepore, V., 

& Wymeersch, H. (2023). Leveraging RIS-enabled smart signal propagation for solving 

infeasible localization problems: Scenarios, key research directions, and open challenges. 

IEEE Vehicular Technology Magazine, 18(2), 20-28. 

https://doi.org/10.1109/MVT.2023.3237004 

Diamanti, M., Charatsaris, P., Tsiropoulou, E. E., & Papavassiliou, S. (2021). The prospect of 

reconfigurable intelligent surfaces in integrated access and backhaul networks. IEEE 

Transactions on Green Communications and Networking, 6(2), 859-872. 

https://doi.org/10.1109/TGCN.2021.3126784 

Zhao, J., Zhu, Y., Mu, X., Cai, K., Liu, Y., & Hanzo, L. (2022). Simultaneously transmitting and 

reflecting reconfigurable intelligent surface (STAR-RIS) assisted UAV communications. 

https://doi.org/10.1109/ACCESS.2024.3471711
https://doi.org/10.1109/MWC.001.2100170
https://doi.org/10.1109/MCOM.001.2200970
https://doi.org/10.3390/s21165578
https://doi.org/10.1080/09654313.2021.1951177
https://doi.org/10.1109/TCOMM.2021.3104878
https://doi.org/10.1109/MNET.123.2100761
https://doi.org/10.1186/s13638-023-02295-8
https://doi.org/10.1109/JSTSP.2022.3175036
https://doi.org/10.1109/MVT.2023.3237004
https://doi.org/10.1109/TGCN.2021.3126784


  

https://deepscienceresearch.com 84 

IEEE Journal on Selected Areas in Communications, 40(10), 3041-3056. 

https://doi.org/10.1109/JSAC.2022.3196102 

Almatar, K. M. (2024). Smart transportation planning and its challenges in the Kingdom of Saudi 

Arabia. Sustainable Futures, 8, 100238. https://doi.org/10.1016/j.sftr.2024.100238 

Huda, N. U., Ahmed, I., Adnan, M., Ali, M., & Naeem, F. (2024). Experts and intelligent systems 

for smart homes’ Transformation to Sustainable Smart Cities: A comprehensive review. 

Expert Systems with Applications, 238, 122380. https://doi.org/10.1016/j.eswa.2023.122380 

Sheraz, M., Chuah, T. C., Lee, Y. L., Alam, M. M., & Han, Z. (2024). A Comprehensive Survey 

on Revolutionizing Connectivity Through Artificial Intelligence-Enabled Digital Twin 

Network in 6G. IEEE Access. https://doi.org/10.1109/ACCESS.2024.3384272 

Bhide, P., Shetty, D., & Mikkili, S. (2024). Review on 6G communication and its architecture, 

technologies included, challenges, security challenges and requirements, applications, with 

respect to AI domain. IET Quantum Communication. https://doi.org/10.1049/qtc2.12114 

Chaccour, C., Saad, W., Debbah, M., & Poor, H. V. (2024). Joint sensing, communication, and 

AI: A trifecta for resilient THz user experiences. IEEE Transactions on Wireless 

Communications. https://doi.org/10.1109/TWC.2024.3382192 

El-Hajj, M. (2025). Enhancing Communication Networks in the New Era with Artificial 

Intelligence: Techniques, Applications, and Future Directions. Network, 5(1), 1. 

https://doi.org/10.3390/network5010001 

Chen, J., Ramanathan, L., & Alazab, M. (2021). Holistic big data integrated artificial intelligent 

modeling to improve privacy and security in data management of smart cities. 

Microprocessors and Microsystems, 81, 103722. 

https://doi.org/10.1016/j.micpro.2020.103722 

Katwe, M. V., Kaushik, A., Mohjazi, L., Abualhayja'a, M., Dardari, D., Singh, K., ... & Dobre, 

O. A. (2024). An Overview of Intelligent Meta-Surfaces for 6G and Beyond: Opportunities, 

Trends, and Challenges. IEEE Communications Standards Magazine, 8(4), 62-69. 

https://doi.org/10.1109/MCOMSTD.0001.2400032 

Al-Hilo, A., Samir, M., Elhattab, M., Assi, C., & Sharafeddine, S. (2022). Reconfigurable 

intelligent surface enabled vehicular communication: Joint user scheduling and passive 

beamforming. IEEE Transactions on Vehicular Technology, 71(3), 2333-2345. 

https://doi.org/10.1109/TVT.2022.3141935 

Alfattani, S., Jaafar, W., Hmamouche, Y., Yanikomeroglu, H., & Yongaçoglu, A. (2021). Link 

budget analysis for reconfigurable smart surfaces in aerial platforms. IEEE Open Journal of 

the Communications Society, 2, 1980-1995. https://doi.org/10.1109/OJCOMS.2021.3105933 

Dajer, M., Ma, Z., Piazzi, L., Prasad, N., Qi, X. F., Sheen, B., ... & Yue, G. (2022). Reconfigurable 

intelligent surface: Design the channel–A new opportunity for future wireless networks. 

Digital Communications and Networks, 8(2), 87-104. 

https://doi.org/10.1016/j.dcan.2021.11.002 

Bibri, S. E., Huang, J., Jagatheesaperumal, S. K., & Krogstie, J. (2024). The synergistic interplay 

of artificial intelligence and digital twin in environmentally planning sustainable smart cities: 

a comprehensive systematic review. Environmental Science and Ecotechnology, 

Samuel, O., Javaid, N., Alghamdi, T. A., & Kumar, N. (2022). Towards sustainable smart cities: 

A secure and scalable trading system for residential homes using blockchain and artificial 

https://doi.org/10.1109/JSAC.2022.3196102
https://doi.org/10.1016/j.sftr.2024.100238
https://doi.org/10.1016/j.eswa.2023.122380
https://doi.org/10.1109/ACCESS.2024.3384272
https://doi.org/10.1049/qtc2.12114
https://doi.org/10.1109/TWC.2024.3382192
https://doi.org/10.3390/network5010001
https://doi.org/10.1016/j.micpro.2020.103722
https://doi.org/10.1109/MCOMSTD.0001.2400032
https://doi.org/10.1109/TVT.2022.3141935
https://doi.org/10.1109/OJCOMS.2021.3105933
https://doi.org/10.1016/j.dcan.2021.11.002


  

https://deepscienceresearch.com 85 

intelligence. Sustainable Cities and Society, 76, 103371. 

https://doi.org/10.1016/j.scs.2021.103371 

Sharma, D., Tilwari, V., & Pack, S. (2024). An overview for Designing 6G Networks: 

Technologies, Spectrum Management, Enhanced Air Interface and AI/ML Optimization. 

IEEE Internet of Things Journal. https://doi.org/10.1109/JIOT.2024.3505617 

Xiao, Y., Ye, Z., Wu, M., Li, H., Xiao, M., Alouini, M. S., ... & Cioni, S. (2024). Space-Air-

Ground Integrated Wireless Networks for 6G: Basics, Key Technologies and Future Trends. 

IEEE Journal on Selected Areas in Communications. 

https://doi.org/10.1109/JSAC.2024.3492720 

Narottama, B., Mohamed, Z., & Aïssa, S. (2023). Quantum machine learning for next-G wireless 

communications: Fundamentals and the path ahead. IEEE Open Journal of the 

Communications Society. https://doi.org/10.1109/OJCOMS.2023.3309268 

Chakravarty, P., & Gattupalli, S. (2024). Integration of Indigenous Traditional Knowledge and 

AI in Hurricane Resilience and Adaptation. In Advances in Hurricane Risk in a Changing 

Climate (pp. 125-158). Cham: Springer Nature Switzerland. https://doi.org/10.1007/978-3-

031-63186-3_6 

Bonab, A. B., Fedele, M., Formisano, V., & Rudko, I. (2023). Urban quantum leap: A 

comprehensive review and analysis of quantum technologies for smart cities. Cities, 140, 

104459. https://doi.org/10.1016/j.cities.2023.104459 

Yu, K., Chakraborty, C., Xu, D., Zhang, T., Zhu, H., Alfarraj, O., & Tolba, A. (2024). Hybrid 

Quantum Classical Optimization for Low-Carbon Sustainable Edge Architecture in RIS-

Assisted AIoT Healthcare Systems. IEEE Internet of Things Journal. 

https://doi.org/10.1109/JIOT.2024.3399234 

Zhao, J., Gao, X., Wu, Z., Zhang, Q., & Han, H. (2024). Artificial intelligence in rail transit 

wireless communication systems: Status, challenges and solutions. Physical Communication, 

102484. https://doi.org/10.1016/j.phycom.2024.102484 

Kumar, S., Verma, A. K., & Mirza, A. (2024). Artificial intelligence-driven governance systems: 

smart cities and smart governance. In Digital Transformation, Artificial Intelligence and 

Society: Opportunities and Challenges (pp. 73-90). Singapore: Springer Nature Singapore.  

Payadnya, I. P. A. A., Putri, G. A. M. A., Suwija, I. K., Saelee, S., & Jayantika, I. G. A. N. T. 

(2024). Cultural integration in AI-enhanced mathematics education: insights from Southeast 

Asian educators. Journal for Multicultural Education. https://doi.org/10.1108/JME-09-2024-

0119 

Mishra, P., & Singh, G. (2023). Energy management systems in sustainable smart cities based on 

the internet of energy: A technical review. Energies, 16(19), 6903. 

https://doi.org/10.3390/en16196903 

Chen, W., Lin, X., Lee, J., Toskala, A., Sun, S., Chiasserini, C. F., & Liu, L. (2023). 5G-advanced 

toward 6G: Past, present, and future. IEEE Journal on Selected Areas in Communications, 

41(6), 1592-1619. https://doi.org/10.1109/JSAC.2023.3274037 

Mohsen, B. M. (2024). AI-Driven Optimization of Urban Logistics in Smart Cities: Integrating 

Autonomous Vehicles and IoT for Efficient Delivery Systems. Sustainability, 16(24), 11265. 

https://doi.org/10.3390/su162411265 

Felicetti, A., & Niccolucci, F. (2024). Artificial Intelligence and Ontologies for the Management 

of Heritage Digital Twins Data. Data, 10(1), 1. https://doi.org/10.3390/data10010001 

https://doi.org/10.1016/j.scs.2021.103371
https://doi.org/10.1109/JIOT.2024.3505617
https://doi.org/10.1109/JSAC.2024.3492720
https://doi.org/10.1109/OJCOMS.2023.3309268
https://doi.org/10.1007/978-3-031-63186-3_6
https://doi.org/10.1007/978-3-031-63186-3_6
https://doi.org/10.1016/j.cities.2023.104459
https://doi.org/10.1109/JIOT.2024.3399234
https://doi.org/10.1016/j.phycom.2024.102484
https://doi.org/10.1108/JME-09-2024-0119
https://doi.org/10.1108/JME-09-2024-0119
https://doi.org/10.3390/en16196903
https://doi.org/10.1109/JSAC.2023.3274037
https://doi.org/10.3390/su162411265
https://doi.org/10.3390/data10010001


  

https://deepscienceresearch.com 86 

Liu, B. J., & Huang, H. K. (2020). Picture archiving and communication systems and electronic 

medical records for the healthcare enterprise. In Biomedical information technology (pp. 105-

164). Academic Press. https://doi.org/10.1016/B978-0-12-816034-3.00004-3 

Hanafi, M. R., Rahimpour, H., Zinatloo-Ajabshir, S., Moodi, F., & Fahmi, A. (2024). 

Performance enhancement, life cycle assessment, and feature analysis of wheat starch-based 

NaCl-binder as a sustainable alternative to OPC mortar. Results in Engineering, 24, 103281. 

https://doi.org/10.1016/j.rineng.2024.103281 

Elassy, M., Al-Hattab, M., Takruri, M., & Badawi, S. (2024). Intelligent transportation systems 

for sustainable smart cities. Transportation Engineering, 100252. 

https://doi.org/10.1016/j.treng.2024.100252 

Kataria, A., Rani, S., & Kautish, S. (2024). Artificial Intelligence of Things for Sustainable 

Development of Smart City Infrastructures. In Digital Technologies to Implement the UN 

Sustainable Development Goals (pp. 187-213). Cham: Springer Nature Switzerland. 

https://doi.org/10.1007/978-3-031-68427-2_10 

Ponnusamy, S., Chourasia, H., Rathod, S. B., & Patil, D. AI-Driven Traffic Management 

Systems: Reducing Congestion and Improving Safety in Smart Cities. In Smart Cities (pp. 

96-121). CRC Press. 

Butt, F. A., Chattha, J. N., Ahmad, J., Zia, M. U., Rizwan, M., & Naqvi, I. H. (2022). On the 

integration of enabling wireless technologies and sensor fusion for next-generation connected 

and autonomous vehicles. IEEE Access, 10, 14643-14668. 

https://doi.org/10.1109/ACCESS.2022.3145972 

Kanbara, S., Shaw, R., Eguchi, K., & Das, S. (2024). Lessons from the 2024 Noto Peninsula 

Earthquake: Need for digital transformation in disaster response. Progress in Disaster Science, 

100400. https://doi.org/10.1016/j.pdisas.2024.100400 

Pauu, K. T., Pan, Q., Wu, J., Bashir, A. K., & Omar, M. (2024). IRS-Aided Federated Learning 

with Dynamic Differential Privacy for UAVs in Emergency Response. IEEE Internet of 

Things Magazine, 7(4), 108-115. https://doi.org/10.1109/IOTM.001.2400021 

Lauri, C., Shimpo, F., & Sokołowski, M. M. (2023). Artificial intelligence and robotics on the 

frontlines of the pandemic response: the regulatory models for technology adoption and the 

development of resilient organisations in smart cities. Journal of Ambient Intelligence and 

Humanized Computing, 14(11), 14753-14764. https://doi.org/10.1007/s12652-023-04556-2 

Adu-Gyamfi, B., Zuquan, H., Yamazawa, N., Kato, A., & Shaw, R. (2024). Reflections on 

science, technology and innovation on the aspirations of the Sendai framework for disaster 

risk reduction. International journal of disaster resilience in the built environment, 15(2), 289-

302. https://doi.org/10.1108/IJDRBE-06-2022-0062 

Tiwari, A., Adhikari, S., Kaya, D., Islam, M. A., Malla, B., Sherchan, S. P., ... & Pitkänen, T. 

(2023). Monkeypox outbreak: Wastewater and environmental surveillance perspective. 

Science of the total environment, 856, 159166. 

https://doi.org/10.1016/j.scitotenv.2022.159166 

Al‐Raeei, M. (2024). The smart future for sustainable development: Artificial intelligence 

solutions for sustainable urbanization. Sustainable Development. 

https://doi.org/10.1002/sd.3131 

Sipola, J., Saunila, M., & Ukko, J. (2023). Adopting artificial intelligence in sustainable business. 

Journal of Cleaner Production, 426, 139197. https://doi.org/10.1016/j.jclepro.2023.139197 

https://doi.org/10.1016/B978-0-12-816034-3.00004-3
https://doi.org/10.1016/j.rineng.2024.103281
https://doi.org/10.1016/j.treng.2024.100252
https://doi.org/10.1007/978-3-031-68427-2_10
https://doi.org/10.1109/ACCESS.2022.3145972
https://doi.org/10.1016/j.pdisas.2024.100400
https://doi.org/10.1109/IOTM.001.2400021
https://doi.org/10.1007/s12652-023-04556-2
https://doi.org/10.1108/IJDRBE-06-2022-0062
https://doi.org/10.1016/j.scitotenv.2022.159166
https://doi.org/10.1002/sd.3131
https://doi.org/10.1016/j.jclepro.2023.139197


  

https://deepscienceresearch.com 87 

Byeon, H. (2021). Exploring factors for predicting anxiety disorders of the elderly living alone in 

South Korea using interpretable machine learning: A population-based study. International 

Journal of Environmental Research and Public Health, 18(14), 7625. 

https://doi.org/10.3390/ijerph18147625 

Takeda, T., Kato, J., Matsumura, T., Murakami, T., & Abeynayaka, A. (2021). Governance of 

artificial intelligence in water and wastewater management: The case study of Japan. 

Hydrology, 8(3), 120. https://doi.org/10.3390/hydrology8030120 

Stecuła, K., Wolniak, R., & Grebski, W. W. (2023). AI-Driven urban energy solutions—from 

individuals to society: a review. Energies, 16(24), 7988. https://doi.org/10.3390/en16247988 

Yang, B., Cao, X., Huang, C., Yuen, C., Qian, L., & Di Renzo, M. (2021). Intelligent spectrum 

learning for wireless networks with reconfigurable intelligent surfaces. IEEE Transactions on 

Vehicular Technology, 70(4), 3920-3925. https://doi.org/10.1109/TVT.2021.3064042 

Lifelo, Z., Ding, J., Ning, H., & Dhelim, S. (2024). Artificial Intelligence-Enabled Metaverse for 

Sustainable Smart Cities: Technologies, Applications, Challenges, and Future Directions. 

Electronics, 13(24), 4874. https://doi.org/10.3390/electronics13244874 

Safari, A., Daneshvar, M., & Anvari-Moghaddam, A. (2024). Energy Intelligence: A Systematic 

Review of Artificial Intelligence for Energy Management. Applied Sciences, 14(23), 11112. 

https://doi.org/10.3390/app142311112 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

https://doi.org/10.3390/ijerph18147625
https://doi.org/10.3390/hydrology8030120
https://doi.org/10.3390/en16247988
https://doi.org/10.1109/TVT.2021.3064042
https://doi.org/10.3390/electronics13244874
https://doi.org/10.3390/app142311112



