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Abstract

This is in preparation to stand out in urban connectivity to be used faster for Multi-Intelligent Reflecting Surfaces
(Multi-IRS) in the latest thirst response. It will determine in advance the application of IRS technology for
electromagnetic wave control, so that it is fine-tuned at full power to boost signal transmission and coverage across
the urban areas in high-density population. It outlines flexible strategies on how to integrate the Multi-IRS system
with both past and urban future establishments in a view of making connected connectivity. In reality, multi-IRS
integrated with foundational smart city technologies such as 10T, 5G networks, Al, and others are nothing but a
leap toward accomplishing unparalleled data flow and connectivity, both very essential for the modern urban
ecosystem. Detailed case studies have demonstrated how multi-IRS systems can enable the breaking of traditional
barriers in connectivity: more essentially, it can offer higher bandwidth, lower latency, and increased
communication effectiveness. This development marks one of the serious steps under the concept of smart cities,
where the data will be spreading and flowing without barriers between the multifarious urban systems and services.
Lastly, the paper concludes with a future-looking view of urban connectivity underscored through continuous
innovation and research of multi-IRS applications within the smart city landscape. The study points out the fact
that dynamic IRS implementation creates an indispensable role in the pathway for upcoming development in smart
city connectivity solutions, thus making a case for sustained collaborative efforts in research, policy formulating,
and technological innovation for realizing the full potential of IRS technology in taming the connectivity
challenges of contemporary urban settings. Performance comparison between a sequential beam search and a
proposed model across varying Rician Factors, showing the proposed model's superior channel gain progression
from -57 dB at 5 dB to -48 dB at 30 dB, outperforming the sequential method in environments with strong direct
signals.

Keywords: Keywork one; Keywork two; Keywork three; Keyword four

1. Introduction

The intelligent reflecting surfaces (IRS) represent promising technology in wireless communications, as they
provide new means of control over the radio environment. An IRS basically comprises a real-time controllable
reflect array with a large number of small and cheap passive elements. These can effectively shift the phase of
incoming signals and help in steering toward the desired location, essentially developing a 'smart' environment for
propagation. This technology significantly improves system performance, providing increased signal coverage and
quality by up to 10 times in hard environments, including urban areas [1]. The urban smart city framework sees
IRS finding strong prospects toward improving the wireless communication system [2]. Its worst-penetrated
scenarios—mostly prevailing in built-up, high-density urban settings, under Non-Line-of-Sight (NLoS)
conditions—also prove to be quite useful for surfaces. It increases power coverage and received signal by focusing
radio waves with the help of passive beamforming. In this respect, this feature may be of help not only in
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communications but also in radar applications, including long-distance radar and indoor sensing. IRS-assisted
systems have been found to improve the signal-to-noise ratio, extend radar coverage, and suppress the interference
from co-existing emitters [3]. A versatile technology, it can be adapted into several applications, such as aerial
sensing, and hence be very applicable to smart city development with UAVSs. Besides, reconfigurability by the IRS
allows for a relaxed set of constraints in the design of wireless networks, enabling a more efficient and adaptable
communication system. This ongoing research and development effort is dedicated to securing a central role for
Intelligent Reflecting Surfaces (IRS) in the crucial development of Beyond 5G (B5G) technologies within future
wireless networks, as depicted in Figure 2. Prompted by the urgent connectivity challenges urban areas face, from
signal attenuation and interference to bandwidth limitations and network congestion, this research aims to discover
innovative alternatives to conventional methods that fall short due to the physical constraints of urban
environments. The number of connected devices rises exponentially, and the volume of traffic data ascends to
record levels; this seems to call for a clear need for new solutions to face the metropolitan challenges. Multi-IRS
systems, identified by the ability to meld the electromagnetic waves intelligently, shall promise a solution not only
to the current barriers but also to develop urban infrastructures ready for the future.

This paper contributes significantly to the domains of urban connectivity and smart city evolution in several key
aspects:

Adaptive Implementation Strategies: This encompasses cutting-edge and contemporary methods for deploying
multi-IRS systems, characterized by their flexibility and scalability, adapting continuously to the dynamic
requirements of urban settings to ensure integration is both effective and minimally intrusive to existing
frameworks.

Comprehensive Integration Approach: This outlines a holistic strategy for the assimilation of multi-IRS systems
within both present and future urban infrastructures, including the integration with 10T devices and the fusion with
5G networks and Al, to promote intelligent management and enhanced connectivity. For the header and the footer,
just change the journal name and the abbreviation, then leave all other information for our production team at the
ASPG editorial office to be updated after your paper acceptance.

Impactful Case Studies: The paper provides tangible examples of the benefits of multi-IRS systems in urban
contexts through detailed case studies. These highlight improvements in signal coverage,
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Figure 1. An IRS-aided multiuser communication system [3].

Increased bandwidth, and reduced latency, addressing all the major requirements for the development of ‘smart'
cities.

Synergistic Technological Synergy: Research potential multi-IRS technological synergy with key smart city
technologies (loT, 5G, Al) to showcase how such an integration may yield hitherto unseen levels of urban
connectivity and data flow.

2. Literature Review

The rising demand for new and improved urban connectivity solutions, driven by the expansion of smart city
infrastructure worldwide, has led to the exploration of advanced technologies. This need becomes even more
necessary with the advance of time and technological and communicational developments, especially in the loT
(Internet of Things), 5G networks, and artificial intelligence (Al) age, where penetration into human daily use is
at an all-time high. Here comes the Multi-Intelligent Reflecting Surfaces (Multi-IRS), a recently proposed
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technology that aims to enhance the propagation and coverage of electromagnetic waves in space, especially within
dense urban landscapes. This paper focuses on the dynamic progress and implementation of the Multi-IRS
systems—Keying into establishing a new level of connectivity that urban environments need. The paper discusses
the implementation of Intelligent Reflecting Surfaces (IRS) to improve the performance of wireless networks
through active and passive heamforming techniques. IRS incorporated into wireless networks improves the quality
of the signal through intelligent environmental reconfiguration for the purpose of propagation.
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Figure 2. IRS-aided WPT/WIPT for various 10T applications [4].

It is well known that to get an optimal solution for any linear programming problem using the direct simplex
algorithm should be processed to be in standard form, the simplex method for solving an LP problem requires the
problem to be expressed in the standard form. But not all LP problems appear in the standard form. In many cases,
some of the constraints are expressed as inequalities rather than equations; The involvement of IRS required to
enable concurrent wireless energy and information transfer is described in the paper, thereby indicating its ability
to reconfigure the environment of wireless propagation efficiently. It is thus recognized as one of the potential key
technologies for future wireless systems, which further supports the dual functions of energy harvesting together
with data communications. A comprehensive review of IRS technology clearly brings out their potentials in
revolutionizing wireless communications with improved signal propagation and network performance. The paper
will discuss various design factors in optimization of IRS functionality, such as the material properties, surface
structure, and control mechanisms. This gets to clarify the debated necessity for IRS use either actively or passively
to better wireless communication and analyses the pros and cons of either way of usage. The study indicates that
for some specific network and environmental conditions, active IRS becomes preferable due to some huge benefits
in signal strength and coverage by active IRS components. By applying IRS technology, wireless communications
security is significantly improved, offering more secure, efficient, and expansive connectivity solutions for urban
settings. The research delineates IRS's strategic enhancement of wireless channel secrecy rates, effectively
blocking eavesdroppers and bolstering secure communications. Highlighting IRS technology's dual benefits, the
study enhances communication efficiency and coverage while bolstering wireless network security. Extensive
analyses validate IRS's support in communication systems, heralding novel solutions for urban connectivity issues
and furthering smart city development. Additionally, the study presents IRS's advantages, notably its substantial
improvement in the signal-to-noise ratio (SNR) and communication system reliability. Another part [9] highlights
that Intelligent Reflecting Surfaces (IRS) shall enable carving the way for future 6G wireless communication
networks. An outlook of technology developments, bottlenecks, and possible IRS applications has been discussed,
which envisage IRS to be one of the prime enablers for the rather aggressive goals of 6G. Shedding light on current
active research trends and envisaging the future advances, this paper highlights the transforming impact of IRS on
connectivity, spectral efficiency, and energy sustainability in forthcoming wireless networks. It provides a critical
review and detailed overview of critical modelling and channel estimation aspects for IRS-supported wireless
communication, laying down, in no unclear terms, the proposal for the framework that would yield precise IRS-
assisted channel models and efficient estimation techniques to guarantee optimal IRS performance. This
underscores the importance of perfect channel estimation, which is able to exploit the full potential of the IRS,
since it sets out clear, actionable strategies toward the deployment of IRS in enhancing wireless communications.
The document goes further to explain the integration of IRS in Multiple Input Multiple Output (MIMO)
communication systems, explaining how the synergy between IRS and MIMO technologies. What it really does
show is that IRS could be of great support in significantly enhancing the performance of the MIMO system, support
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IRS for the technical problem, and propose deploying MIMO systems assisted by IRS as one of the solutions,
which again could lay further groundwork in this burgeoning research area. The next discussion is on joint
optimization of active and passive beamforming in an IRS-assisted Cognitive Internet of Things (10T) network. It
proposes a joint optimization approach of active beamforming at the base station and passive beamforming at the
IRS. It deals with serious technical challenges and demonstrates the power of IRS to revolutionize 10T networks
toward increased data transmission rates, reduced interference, and hence a more intelligent 10T ecosystem. The
following are detailed reports on the important contributions of IRS, including those from improving security and
system performance to making basic contributions towards the development of the next generation of wireless
networks. The table below presents the methods, reasons, contributions, objectives, and goals of the cited study
that verify the multi-benefits of IRS in the development of wireless communication.

Table 1: summarized of related work

Ref. Methods Motivation Achievement Aim and Objective

1 Review of | Address the emerging | Comprehensive Provide a tutorial-style
intelligent area of IRS-aided | overview of IRS | guide for researchers
reflecting wireless technology in wireless | and  practitioners to
surface (IRS)- | communications, communications, understand IRS
aided wireless | covering the | including active and | technology and its
communication | principles, passive beamforming, | applications in wireless
S. applications, and | channel estimation, and | communications.

challenges. optimization
techniques.

2 Survey on | Explore the potential | Detailed survey | Provide insights into the
smart wireless | of IRSs to enhance | covering various | state-of-the-art and
communication | wireless aspects of IRS | future directions of IRS-
s using | communication technology, including | assisted wireless
intelligent systems in terms of | channel modeling, | communication systems.
reflecting coverage,  capacity, | resource allocation,
surfaces and energy efficiency. | and deployment
(IRSs). scenarios.

3 Study on joint | Investigate the | Proposed approach | Develop efficient
active and | integration of active | combines active and | beamforming strategies
passive and passive | passive beamforming | for IRS deployment in
beamforming beamforming to optimize signal | wireless networks to
in IRS- | techniques to enhance | transmission and | improve coverage and
enhanced wireless network | coverage in  IRS- | capacity.
wireless performance with | enhanced networks.
networks. IRSs.

4 Overview of | Provide an overview | Comprehensive review | Offer insights into the
IRS-aided of IRS technology and | covering the principles, | potential benefits and
wireless energy | its applications in | challenges, and | challenges of integrating
and wireless energy and | applications of IRS | IRSs into  wireless
information information technology in wireless | energy and information
transmission. transmission systems. | energy and information | transmission systems.

transmission.

5 Review of | Investigate the design | Detailed review | Analyze the
intelligent and application of | discussing IRS design | effectiveness and
reflecting IRSs in beyond 5G | principles, deployment | feasibility of integrating
surface (IRS) | wireless networks to | scenarios, and | IRSs into beyond 5G
design for | enhance coverage, | performance wireless networks to
beyond 5G | capacity, and energy | evaluation metrics for | meet the increasing
wireless efficiency. beyond 5G wireless | demand for data rates
networks. networks. and connectivity.

6 Comparison of | Compare the | Analysis of the trade- | Investigate the
active and | performance of active | offs between active and | suitability of active and
passive and passive wireless | passive  IRS-assisted | passive IRS-assisted
wireless communication wireless communication systems

systems assisted by | communication for different wireless
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communication | IRSs in terms of | systems in terms of | communication
aided by IRSs. | coverage, capacity, | complexity, cost, and | scenarios and
and complexity. performance. environments.

7 Study on | Investigate the | Proposed approach | Develop secure wireless
secure wireless | potential of IRSs to | utilizes IRSs to | communication
communication | enhance the security | enhance the security of | protocols and techniques
using IRSs. of wireless | wireless using IRSs to protect

communication communication sensitive  information
systems by mitigating | systems by creating | and ensure privacy.
eavesdropping  and | secure signal paths and
interference. mitigating

eavesdropping.

8 Analysis of | Analyze the | Performance Investigate the potential
performance in | performance evaluation of IRS- | benefits and limitations
IRS-aided characteristics of IRS- | aided communication | of IRS technology in
communication | aided communication | systems, including | improving the
systems. systems in terms of | channel modeling, | performance of wireless

coverage,  capacity, | resource allocation, | communication systems.
and energy efficiency. | and optimization
techniques.

9 Survey on | Explore the potential | Comprehensive survey | Investigate the
intelligent applications of IRSs in | discussing the role of | feasibility and
reflecting future wireless | IRSs in future wireless | effectiveness of
surfaces (IRSs) | communication communication integrating IRSs into
for future | networks, particularly | networks,  including | future wireless
wireless in 6G systems. challenges, communication
communication opportunities, and | networks to enhance
networks. deployment scenarios. | coverage, capacity, and

energy efficiency.

10 Modeling and | Develop models and | Proposed models and | Develop efficient
channel techniques for channel | techniques enable | channel estimation and
estimation for | estimation and | accurate channel | modeling techniques for
IRS-assisted modeling in IRS- | estimation and | IRS-assisted  wireless
wireless assisted wireless | modeling in  IRS- | communication systems
communication | communication assisted wireless | to improve performance
systems. systems to optimize | communication and reliability.

performance. systems for efficient
resource allocation.

11 Review of IRS- | Review the state-of- | Detailed review | Provide insights into the
assisted MIMO | the-art in IRS-assisted | discussing the | potential benefits and
communication | multiple-input principles, challenges, | challenges of integrating
systems. multiple-output and applications of | IRSs into  MIMO

(MIMO) IRS-assisted MIMO | communication systems
communication communication to improve spectral
systems, focusing on | systems in various | efficiency and coverage.
performance and | wireless
applications. communication

scenarios.

12 Optimization Propose jointly | Proposed optimization | Develop efficient
of optimizing active and | approach improves | beamforming
active/passive | passive beamforming | signal transmission and | optimization techniques
beamforming for IRS-assisted | coverage in  IRS- | for IRS-assisted
for IRS- | cognitive Internet of | assisted cognitive IoT | cognitive IoT networks
assisted Things (IoT) networks | networks by jointly | to improve network
cognitive-IoT to enhance | optimizing active and | performance and energy
networks. performance. passive beamforming. | efficiency.
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13 Study on IRS- | Investigate the | Proposed approach | Investigate the
assisted OAM | performance of IRS- | utilizes IRSs to | feasibility and
with  NOMA | assisted orbital | enhance the | effectiveness of
under angular momentum | performance of OAM- | integrating IRSs into
imperfect SIC. | (OAM) with non- | based NOMA systems | OAM-based NOMA

orthogonal multiple | by mitigating | systems to improve
access (NOMA) under | interference and | spectral efficiency and
imperfect successive | improving  signal-to- | reliability.

interference interference-plus-noise

cancellation (SIC). ratio (SINR).

14 Development Propose an  IRS- | Proposed system | Develop an efficient and
of IRS-assisted | assisted ~ unmanned | utilizes transfer | adaptable UAV
UAV aerial vehicle (UAV) | learning and IRSs to | inspection system using
inspection inspection system | enhance the | IRSs  and  transfer
system based | based on transfer | performance and | learning techniques to
on transfer | learning to improve | adaptability of UAV | improve inspection
learning. system performance | inspection systems for | efficiency and

and adaptability. various environmental | reliability.
conditions.

15 Survey of | Explore the potential | Comprehensive survey | Investigate the
physical layer | of IRSs to enhance | discussing the | feasibility and
secret key | physical layer secret | principles, challenges, | effectiveness of
generation key generation in | and applications of | integrating IRSs into
enhanced by | wireless using IRSs to enhance | physical layer secret key
IRSs. communication physical layer secret | generation systems to

systems. key  generation in | improve security and
wireless privacy.
communication
systems.

16 Study on IRS | Investigate the | Proposed approach | Develop secure and
backscatter- potential  of IRS | utilizes IRS | reliable communication
based secrecy | backscatter-based backscatter-based techniques using IRS
enhancement techniques to enhance | techniques to enhance | backscatter-based
against active | secrecy in wireless | the security of wireless | techniques to protect
eavesdropping. | communication communication against active

systems against active | systems by creating | eavesdropping attacks.
eavesdropping secure and private
attacks. communication links.

17 Development Propose a  deep | Proposed approach | Develop efficient and
of deep | reinforcement utilizes DRL to | adaptive resource
reinforcement | learning (DRL)-based | optimize resource | allocation  techniques
learning approach for resource | allocation in IRS- | using DRL for IRS-
(DRL)-based allocation in IRS- | assisted semantic | assisted semantic
resource assisted semantic | communication communication systems
allocation for | communication systems for efficient | to enhance network
IRS-assisted systems to improve | signal transmission and | performance.
semantic efficiency. coverage.
communication

18 Investigation of | Investigate the | Proposed approach | Investigate the
dual IRS-aided | potential of dual IRSs | utilizes dual IRSs to | feasibility and
decode-and- to enhance decode- | enhance decode-and- | effectiveness of using
forward and-forward relaying | forward relaying | dual IRSs to enhance
relaying with | systems with wireless | systems with wireless | decode-and-forward
wireless power | power transfer for | power transfer for | relaying systems with
transfer. improved energy | improved energy | wireless power transfer.

efficiency. efficiency and
coverage.
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19 Development Propose a  deep | Proposed approach | Develop efficient and
of dynamic | deterministic policy | utilizes DDPG and | adaptive resource
resource gradient (DDPG) and | TD3  to  optimize | allocation  techniques
allocation in | twin delayed deep | resource allocation in | using DDPG and TD3
IRS-assisted deterministic  policy | IRS-assisted UAV | for IRS-assisted UAV
UAV wideband | gradient (TD3) | wideband  cognitive | wideband cognitive
cognitive radio | approach for dynamic | radio networks for | radio  networks  to
networks. resource allocation in | efficient spectrum | improve spectral

IRS-assisted UAV | utilization and | efficiency and coverage.
wideband  cognitive | coverage.
radio networks.

20 Development Propose an efficient | Proposed  algorithm | Develop efficient
of efficient | algorithm for resource | optimizes resource | resource optimization
algorithm for | optimization in IRS- | allocation in IRS- | algorithms for IRS-
resource assisted  millimeter | assisted mmWave- | assisted mmWave-
optimization in | wave (mmWave) non- | NOMA B5G wireless | NOMA B5G wireless
IRS-mmWave- | orthogonal multiple | networks for efficient | networks to improve
NOMA BS5G | access (NOMA) | spectrum  utilization | spectral efficiency and
wireless beyond 5G (B5G) | and coverage. coverage.
networks. wireless networks.

21 Optimization Propose an optimized | Proposed scheme | Develop energy-
of energy- | scheme for energy- | optimizes resource | efficient wireless
efficient efficient wireless | allocation and signal | communication
wireless communication using | transmission in IRS- | protocols and techniques
communication | IRSs to  improve | assisted wireless | using IRSs to reduce
via IRSs. energy efficiency and | communication energy consumption and

coverage. systems for improved | enhance network
energy efficiency and | coverage.
coverage.

3. Methodology

This paper focuses on deploying Multiple Intelligent Reflecting Surfaces (Multi-IRS) throughout city
environments to enhance the reach and quality of wireless communication. This effort addresses the widespread
connectivity issues found in densely populated areas. The initiative began by pinpointing urban areas plagued by
connectivity challenges, such as significant signal degradation, severe interference, and high levels of network
congestion. A comprehensive method is employed, gathering data from network operators, community input, and
live traffic reports complemented by detailed outputs from loT sensors, to thoroughly understand urban
connectivity problems [1]. The use of GIS mapping, integrated with network simulation tools, visually represents
the connectivity issues against the backdrop of city landscapes, highlighting spatial patterns. Advanced simulation
tools and machine learning algorithms are utilized to visualize the planned deployment in various scenarios. This
aids in understanding how different IRS configurations impact signal spread across various urban settings. Insights
from simulations guide the selection of the best locations and configurations for Multi-IRS placement, aiming to
maximize signal coverage, reduce interference, and increase network capacity. The strategy includes adjustments
for environmental changes such as vegetation growth, building developments, and weather variations that affect
signal strength, employing machine learning forecasts to adapt deployment strategies dynamically. A vast array of
network sensors and monitoring devices are installed throughout the network to continually track signal strength,
traffic flow, and user satisfaction, providing immediate feedback on the effectiveness of the Multi-IRS system.
Software-controlled IRS units are developed with adjustable reflective properties, allowing real-time tuning in
response to changes in network conditions, such as variations in reflection angles and phase shifts. A structured
feedback loop is established, leveraging monitoring data to continuously refine and update the Multi-IRS
configuration, ensuring alignment with current conditions and enabling predictive analysis of trends through
machine learning. Account for environmental shifts such as vegetation growth, construction developments, and
climatic variations impacting signal transmission, guided by machine learning-driven predictions for adaptive
deployment strategies. Deployment of a large number of network sensors and monitoring devices all across the
network to monitor signal strength, network traffic, and user satisfaction continuously, providing instant feedback
about the operational effectiveness of the Multi-IRS framework. A smart city shown in the background as a
panoramic view. Showcasing multi-IRS panels installed across all urban infrastructures in strategic locations.
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Showing how Multi-IRS would enable the integration of 10T enhancements and 5G network improvements in this
illustration. Flow diagrams of connectivity, which will explain how data interactions would take place among the
components of devices, infrastructure, and Multi-IRS setups. Highlights were made on results to clearly showcase
how Multi-IRS increases bandwidth, reduces latency, and increases the efficiency of communication. Presenting
the improvements in Multi-IRS through showcased real-life case studies. It involves an analysis of how future
urban connectedness will be more improved by emerging technologies and sound Multi-IRS infrastructure.
Applying MULTI-IRS (Multiple Intelligent Reflecting Surfaces) in urban settings involves a strategic and
methodical approach to enhance the quality and coverage of wireless communications amidst the complexities of
an urban landscape. Initially, a thorough analysis of the urban geography is conducted, where factors such as
building heights, materials, densities, and urban layout are studied to determine the optimal placement of IRS
panels. These panels are strategically installed on the facades of high-rise buildings and integrated into public
infrastructures such as lampposts and bus stops. This placement ensures that both Line-of-Sight (LoS) and Non-
Line-of-Sight (NLoS) propagation challenges are addressed, effectively extending wireless coverage and
improving signal reliability across densely populated areas.

The core of the MULTI-IRS application lies in the implementation of advanced optimization algorithms designed
to dynamically adjust the phase shifts of each IRS element.

To apply the Pelican Optimization Algorithm (POA) in Multi-IRS (Intelligent Reflecting Surfaces) setups within
urban environments, a series of steps should be followed. First, urban environment modeling involves using RF
simulation software such as CST Studio and ANSYS HFSS to create detailed 3D city models. These models
incorporate accurate representations of urban elements such as building geometries, materials, and population
densities, helping to simulate electromagnetic wave propagation and IRS interactions in complex urban
landscapes. Next, extensive data collection is crucial, including datasets on urban topography, building materials,
historical traffic patterns, and previous wireless network performance metrics. These datasets can be sourced from
urban planning agencies or mobile network operators to enhance simulation accuracy.

Simulations then generate key performance indicators like coverage area, Signal-to-Noise Ratio (SNR), network
throughput, and user equipment (UE) connectivity rates. Analyzing these metrics helps evaluate the effectiveness
of various IRS configurations and placements. Integrating optimization algorithms involves combining POA with
techniques such as Convex Optimization and Gradient-Based Algorithms.

City Background Multi-IRS Deployment

Buildings/Homes Infrastructure Streetlights

T

IRS Panels on Buildings

Technology Integration

loT Devices 5G Towers Al Systems
Data Flow Enhanced Coverage Smart Services

~__ \

‘ Increased Bandwidth/Reduced Latency

I

‘ Case Studies Insets Future Vision of Urban Connectivity ‘

Figure 3. Procedure of the Proposed Method

Convex optimization, such as Semidefinite Relaxation, can maximize SNR or minimize power consumption, while
gradient-based algorithms adjust IRS phase shifts in real-time. Additionally, adaptive algorithms, including
machine learning models like reinforcement learning, adapt IRS settings based on real-time data inputs. Heuristic
methods such as Genetic Algorithms (GA) or Particle Swarm Optimization (PSO) are applied for complex, non-
convex optimization landscapes.
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To apply POA, start by defining the objective function to maximize network performance metrics such as SNR,
coverage area, and throughput, while considering constraints like power limitations, IRS hardware constraints, and
environmental factors. Initialize the pelican population, where pelican agents represent potential solutions (i.e.,
IRS phase shift configurations) and initial positions are set based on random or heuristic-based initialization within
the feasible solution space. Evaluate each solution using CST Studio and ANSY'S HFSS to simulate and assess the
performance of each IRS configuration, calculating key performance indicators for each solution.

Update positions using POA-specific rules that mimic the cooperative hunting behavior of pelicans, balancing
exploration and exploitation to improve optimization. Define convergence criteria, such as a maximum number of
iterations or a threshold improvement in performance metrics, to determine when to stop the algorithm. Finally,
validate the optimized IRS configurations using detailed simulations and plan for the real-world deployment of
IRS panels in the urban environment based on the optimized configurations.

4. Result and analysis

The paper on Intelligent Reflecting Surfaces (IRS) in urban environments—mechanisms of reflection and
optimisation—highlights its potential for significantly boosting urban connectivity. It talks about the challenges
presented through a multi-IRS configuration and focusses attention toward the essentiality of the Line-of-Sight
(LoS) wave propagation within an urban setup. All simulation data used the simulation of the Multi-IRS in [1].

A. Line-of-Sight Dominant Channel Model: The paper investigates the model of line-of-sight dominant channels
that affect the users of multiple input single output (MISO) channels. The influence is derived from the integrated
impact of channels from Base Station (BS) to IRS, among IRSs, from and to the users of IRS in the respective
domains.

With thorough Channel State Information (CSI), POA are applied to iteratively enhance active and passive
beamforming at the BS and each IRS. While advanced algorithms such as deep reinforcement learning or block
minorization-maximization are applicable where there is a common reflection path for all users, they necessitate a
complete understanding of all link channels, leading to considerable channel training and estimation demands.
This complexity increases with scenarios featuring multiple reflections and numerous IRSs. Dense IRS
deployment aims to secure LoS transmission through multiple BS-IRS and IRS-user links, alleviating channel
estimation complexities. Thus, this segment primarily focuses on LoS links, treating Non-Line-of-Sight (NLoS)
links as minor environmental contributors.

To ascertain LoS availability between any two points, binary indicators uij are utilized. These are set to one under
certain conditions: the presence of a direct LoS path, the outward reflection of the signal (excluding signals aimed
directly at users), and viable reflection under a 180-degree constraint by each IRS. If IRS j lies outside user k's
effective area, uj,J+k defaults to zero. These indicators are crucial for offline LoS detection and for adjusting to
changes in user mobility.

Using these LoS conditions, we define A as the set of all n-reflection LoS paths from the BS to user k through
IRSs within Dy, simplifying the MISO channel equation to:

K |A~Kkn|
hk=fk+z Z h,  kek
n=1 I=1

This simplification excludes NLoS reflection paths, focusing on the stronger LoS paths facilitated by the
pronounced Cooperative Passive Beamforming (CPB) gain.

B. Multi-reflection beam routing optimization: This segment explores methods to enhance both active and passive
beam routing for single and multiple user scenarios. In a single-user context, we analyze how to optimize effective
channel gain, focusing on balancing the enhancement of Circular Polarization Beam (CPB) gain against reducing
multiplicative path loss, especially when a Line-of-Sight (LoS) path exists. For multi-user environments, we set
constraints to segregate paths to diminish inter-user interference, adjusting reflection paths and beamforming
strategies to fairly distribute performance across users. The process of optimization for multiple users is a balance
between reducing interference and taking care of the benefits in efficiency and performance gains of different
paths. Such a difficult scenario exploits graph theory for better problem-solving and integrates tangible
applications of distributed beam training. The localized beam training tables (BTTs) with coordination offline at
the submaster cluster are what the system uses to minimize overhead in real-time training, so as to make the IRS
optimization manageable in intricate multi-IRS setups. In-depth analysis confirms the detailed strategies required
for the best functioning of IRS-assisted communication systems at the same time bringing to focus the wide
application of IRS and algorithmic orientation needed to maneuver through problems of multi-reflection signal
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transmissions. The graph of the signal paths in the wireless network across an urban scene is provided in Figure 4.
In the drawing, the signals travel across the cityscape originating at ground level along linear paths. It starts with
"User 1" and "User 2," where the routes of both users appear, marking through little colored notches; blue goes
for user 1 and red for user 2, bouncing signals from urban elements such as buildings. The multi-layered complex
signal interaction seems to allude to the hindrances of smooth and unambiguously clear communication in a given
urban context. Central to the diagram is the "BS" (Base Station) reflection, the point of convergence of all reflected
signal paths, reflecting the core of urban wireless communication. It shows, by means of annotations or a legend,
all visual cues: ticks, colors, and patterns, so one can have a holistic understanding of the signal paths and
reflections within the urban landscape. Figure 5 conducts a comparative analysis of two strategies for optimizing
signal transmission in urban environments, measuring Effective Channel Gain (dB) against the Rician Factor, K
(dB). It compares the performance of the 'Sequential beam search' and the 'Proposed model' across a Rician Factor
range of 5 dB to 30 dB, providing a visual overview of how each strategy fares in diverse urban conditions.
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Figure 4: Linear Depiction of Signal Reflections in an Urban Environment

The X-axis signifies the Rician Factor, which measures the strength of the direct signal path relative to the
combined power of all reflected or scattered signals. This measure is crucial in urban wireless systems, where
multipath effects are prevalent. On the Y-axis, we chart the Effective Channel Gain in decibels, which reflects the
system's received signal strength, influencing the communication link's quality. As the Rician Factor rises,
indicating a more dominant line-of-sight component, both methods register improved channel gains, though at
differing rates. The "Sequential beam search" approach, illustrated by a blue dashed line, shows the details of
specific increments at every Rician Factor stage, where the gain of the channel increases from about -54.6 dB at a
5 dB Rician Factor to about -47.5 dB at a 30 dB Rician Factor. On the other side, the proposed model, which is
denoted with red dashed lines, points out at the 30 dB Rician Factor marked "49" (most likely indicating -49 dB
according to standard effective channel gain notation). This model would show a steadier performance across
various levels of the Rician Factor, meaning it might provide more consistent or predictably improved performance
across scenarios. It clearly shows the effectiveness of the proposed model within urban landscapes, where
multipath reflection complexity and the NLOS phenomenon are massive interferences to signal optimization. More
importantly, under such high Rician Factor conditions, the performance of the proposed model seems to suggest a
possible edge either in keeping or enhancing channel gain under the complex environment of the urban area.
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Figure 5. Performance Comparison of Sequential Beam Search and Proposed Model in Urban Signal
Optimization

5. Conclusion

This paper is the first step forward toward the solution of the issues related to the massively populated urban areas
by applying Multi-Intelligent Reflecting Surfaces (Multi-IRS) over the urban framework for connectivity. In
conclusion, the paper has shown how technology by IRS can revolutionize the urban connectivity of a place by
enhancing the manipulation of electromagnetic waves to guarantee better propagation and coverage of the signal.
It outlines the integration of multi-IRS systems into existing and emerging urban infrastructures and provides a
solid basis for such connection, thus offering flexible strategies and guidelines on the same that are pertinent to
smart city development. The paper highlights, through several case studies, how multi-IRS systems surpass
traditional interconnectivity barriers, promoting significantly improved bandwidth, reduced latency, and enhanced
overall efficiency of communication—mainly supported in the ideal smart city context by a continuous flow and
connection of data across diversified urban systems and services. The comparison showcases the proposed model's
performance against the sequential beam search across various Rician Factors, revealing an enhanced channel gain
progression from -57 dB at 5 dB to -48 dB at 30 dB. This illustrates that the proposed model excels over the
sequential method in environments with strong direct signals. Moreover, the multi-IRS systems, when integrated
into the core smart city technologies of the Internet of Things, 5G networks, and Al, represent a real breakthrough
as a preparation for future urban ecosystems, with a degree of interconnection and information exchange hitherto
unseen. Such integration should be all-encompassing, marking a transformative approach to urban connectivity,
and placing at its heart the dynamic and intelligent manipulation of electromagnetic waves. In summary, this paper
has highlighted a very important role of the dynamic IRS implementation in the handling of the urban connectivity
challenges and the progressive research and innovation agenda. Thus, the developing and multitudinous multi-IRS
technologies implementations within smart city paradigms bring in new aspects of urban connectivity, leading to
the creation of increasingly resilient, efficient, and intelligent urban environments. This vision, however, will build
on sustained collaboration among all stakeholders in research, policy formulation, and technological innovation
that seeks to optimize the benefits from the IRS technology in overcoming connectivity challenges evident in the
modern urban landscape.
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