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Abstract
Keywords Reconfigurable Intelligent Surfaces (RIS) have emerged as a promising enabler of next-
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RS, Sty eneraiiton ool o) systems. Unlike conventional active technologies such as massive MIMO and relay

6G), Wireless communication . . . . . .
(6G),  stations, RIS comprises passive or semi-passive reflective elements capable of

Smart - cities, Internet of - things dynamically manipulating incident electromagnetic waves in terms of phase,

(IoT). amplitude, frequency or polarization. This capability transforms the wireless
enwvironment into a_programmable medium, leading to enhanced coverage, energy
efficiency, and communication reliability with minimal power consumption. This

Article History paper presents -a- comprehensive  SWOT (Strengths, Weaknesses, Opportunities,
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Accepted on 08 June 2025 Threats) analysis of RIS technology, identifying its core advantages such as signal

Published on 16 July 2025 coverage enhancement, low-cost deployment, sustainability, and scalability as well as

Copyright @Author its current limitations, including passive gain constraints, control complexity, and

Corresponding Author: * dependence on accurate channel state information. It also explores the expansive

Haneef Hamza
opportunities of RIS when integrated with artificial intelligence, particularly in smart

cities, IoT networks, and rural connectivity. The paper also critically assesses external
threats such as technological competition, security wvulnerabilities, and regulatory
challenges. Through this strategic analysis provides actionable insights for researchers,
engineers, and policymakers to guide the effective integration of RIS into future

wireless infrastructure.

1. Introduction to Reconfigurable Intelligent

Surfaces (RISs)

One of the revolutionary technologies in wireless 6G next generation networks, is Reconfigurable

communications, especially in the emergence of the Intelligent Surfaces (RIS). RIS is formed by large
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surfaces full of a solid set of passive or semi-passive
reflecting elements that can dynamically change the
phase, amplitude, or polarization of the
electromagnetic waves that impinge on them. Unlike
conventional antennas, these surfaces do not produce
signals but sensibly reflect the same to increase the
propagation of the signals, energy efficiency, and
overall communication efficiency [1]. Structurally, RIS
units are usually formed from programmable meta-
surfaces, a controller, and integrated circuits for real-
time manipulation of electromagnetic responses [2].
These surfaces can be positioned tactically on walls,
ceilings, or building facades so that a smart wireless
environment is created within which signals could be
manipulated and redirected to maximize coverage and
performance. The passive or even quasi-passive design
of RIS is one of the major advantages of RIS over

technologies like - the

massive Multiple Input Multiple Output (MIMO)

traditional communication
systems, repeaters, etc. While MIMO wuses active
transmission and consumes much power, RIS can
deliver comparable coverage amplification without
bringing signals to the boil and introducing noise [3].
This makes RIS much more energy efficient and
affordable, especially in a highly populated city or

desolate areas with scarce infrastructure.

The RIS is ready to transform the applications in 6G
networks due to the ability to create smart radio
environments with adaptivity, sustainability, and high-
programmability opportunities [4]. RIS, in the Internet
of Things framework, can enhance and allow low-

power wide-area network connectivity for billions of

devices with negligible interference [5]. It is also critical
for the emerging use cases such as smart buildings,
autonomous transportation, and industrial
automation [6]. Although RIS promises to do well, it is
still in its initial research and application process.
Hence, it is important to examine its technological
opportunities, dangers, and boundaries strategically. In
order to evaluate the capability of RIS technology for
use in the real world, a SWOT analysis gives strategic
guidance to policymakers, engineers, and stakeholders
who need to integrate future research and
development activities to address the market and

infrastructure demands.
2. Strengths of RIS

Reconfigurable Intelligent Surfaces (RIS) provide a
paradigm shift in wireless communication since they
allow the wireless environment to be controlled in a
programmable manner. RIS differs from conventional
technologies that use active components to manage
signal transmission and reception. It utilizes a passive
or semi-passive layer to efficiently and intelligently
reflect an incident electromagnetic wave. This new
approach opens up several latent strengths, making
RIS an extremely appealing solution for future wireless
systems [7]. Energy efficiency is one of the strongest
points of RIS. In legacy wireless infrastructure,
convolutional, relay, or massive MIMO systems
require active amplification and signal processing, thus
considerably increasing energy consumption. On the
contrary, RIS does not require active radio-frequency

(RF) chains and power-hungry components. Reflective
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parts of RIS, whose design is commonly based on meta
surfaces or liquid crystal-based materials, require very
little energy to modify phase shifts; hence, the
technology is very energy-conservative [8]. Another
advantage lies in cost-effectiveness. Because RIS has no
power amplifiers, RF chains, and complex hardware,
manufacturing, deploying, and servicing are naturally
cheaper than active devices such as relay stations or
base stations. This allows for cost-conscious
deployments, especially in rural or notwell-developed

areas, where a lack of funds keeps the infrastructure

expansion at bay [9].

The RIS technology is also very programmable
regarding the dynamic manipulation of beamforming
and directionality of signals. RIS can adjust to
changing network scenarios and propagate paths using
integrated control units and real-time configurations.
Such adaptability becomes particularly important in-a
mobile or signal quality-variable environment, such as
urban/indoor [10]. Programmability means that RIS

can program the wireless environment itself, instead of

changing the transmitter or receiver, which is a
powerful change from old paradigms. One more vital
strength of RIS is its scalability. Passive RIS panels
allow for dense, wide-scale fielding without significant
energy and heat anxiety. These panels can be mounted
easily on walls, windows, and ceilings to bring big-scale
changes in signal coverage with no impact on space

and infrastructure [11].

The RIS improves a network's capacity and overall
range by providing a custom-made propagation
in better user

environment [12]. This results

experience, less latency, and increased spectral
efficiency. RIS encourages environmentfriendly or
green communication. RIS reduces the requirement of
power-hungry components and optimizes the
propagation of the existing signals, thus helping to cut
carbon ‘emissions and running costs. This goes very
well with' sustainability goals in the world and the
increased demand for eco-conscious solutions in

technological fields [13].
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Figure 1: Block diagram of Strengths of Reconfigurable Intelligent Surface

3. Weaknesses of RIS

Although the Reconfigurable Intelligent Surfaces (RIS)
offer attractive benefits, several technical and practical
barriers prevent a widespread implementation of this
technology today. These weaknesses must be amended
before RIS can grow and become a credible and
trustworthy technology in future wireless networks.
One of the major issues is the small gain because it is
passive. RIS elements do not have the same function
of amplifying signals as active relays or base stations doj;
they just reflect signals. This implies that the
fundamental limitation of RIS’s capability of
enhancing the signal exists. The reflected signal level is
usually far less effective than active solutions can

provide when paid for, especially in terms of length

coverage or a path loss-prone environment [14]. As a

result, RIS may need huge surface areas or accurate
placement to perform effectively, which can be
difficult in the real world. RIS is also faced with
complex control and coordination. As pointed out,
actuating the behavior of hundreds or thousands of
reflective elements is not a trivial task that entails
refined control algorithms and live processing. This
complexity is further heightened regarding system size
and extent of user mobility, making it hard for the
systems to use responsive and stable control
architectures [15]. Also, it is possible to face difficulty
in using current hardware to support low-latency
reconfiguration for all the elements in a scalable and
power-efficient approach [16]. Dependence on correct

Channel State Information (CSI) is another major

limitation. The performance of RIS largely depends on
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the accurate knowledge of the wireless channel

between the base station, RIS, and user equipment

(17].

Degradation in performance in fastvarying settings is
also a limiting factor to RIS applications. With
inherent latency in sensing and reconfiguration, RIS

may not be able to respond quickly in very dynamic

scenarios, such as vehicular communications or drones.

For such cases, the traditional adaptive antennas or
active MIMO systems are still better than RIS in
response and reliability [18]. No standardization and a

lack of regulatory frameworks make RIS deployment

Limited
Gain
Performance
Drops in Fast-
Varing =
Environment
WEAKNESSES
Hardware
Limitation
and
Impairment
-s
Lack of
Standardiz
-ation and
Regulation

more complex. RIS, a relatively new technology, has
not been fully harmonized with the existing wireless
standards.  This down

communication slows

commercial system integration and affects legacy

infrastructure interoperability [19].

These issues involving electromagnetic compatibility,
security, and spectrum management are unanswered.
Lastly, physical vulnerability and alignment sensitivity

are other issues [20]. RIS must move from

experimental setups to scalable commercial solutions
to overcome these limitations, especially for passive

gain, control complexity and CSI dependency [21].

Complex
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Figure 2: Block diagram of Weaknesses of Reconfigurable Intelligent Surface

4. Opportunities of RIS

Reconfigurable Intelligent Surfaces (RIS) can generate
many opportunities that can greatly improve the

performance of future wireless communication systems

and some others fields also. As the World prepares for
6G, RIS emerges as the core facilitator of intelligent

radio environments (IREs) networks where the
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environment gets programmable and receptive to
communication requirements [22]. One of the most
promising opportunity for RIS is its integration into
sixth generation (6G) mobile system. It differs from
previous generations, which focused on higher data
rates and low latency, to 6G, which utilizes ambient
intelligence, network adaptability, and energy
efficiency [23]. RIS is consistent with these objectives
since it allows on-demand steering of signals, the
suppression of interference, and environmentaware
communication. In 6G architectures, RIS can control
the propagation environment at will, creating a

dynamic and self-optimizing communication scenario

(24]. RIS will also greatly benefit from integrating

Artificial Intelligence (AI) and Machine Learning (ML).

The application of Al is beneficial to optimize RIS
configuration in real-time, multi-user interference, and
prediction of wireless channel conditions. Machine
learning models can be taught to predict changes in
channel states and update RIS phase shifts accordingly
in very mobile or dense environments [25]. This
of RIS and Al adaptive

combination forms

beamforming systems that are more sensitive and

efficient than traditional rule-based control. Looking
within the scope of urban planning, RIS provides

possibilities for revolution in smart cities and smart

buildings [26].

Another important opportunity is to provide low-cost
rural deployment. Conventional cellular infrastructure
is sometimes expensive and poses a significant
challenge to implement in distant or poor regions.
Because it is passive and inexpensive, RIS can provide
signal coverage in such areas without requiring large-
scale base stations/fiber backhaul [27]. This can be
used to close the digital gap as it ensures that the
internet is available in the underserved communities.
RIS also has potential in cross-industry uses outside of
telecommunication. RIS can  help vehicular
communications in automotive systems, as signal
strengths - and reliability can be enhanced along
highways or urban roads. In healthcare, RIS can help
provide high-reliability, low-latency connectivity
required for telemedicine or wireless monitoring of
patients inside smart hospitals [28]. Industries such as

industrial automation, logistics, and defense can also

profit from this flexible technology [29].

https://sesjournal.com

| Haneef Hamza at al 2025 | Page 538


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

Volume 3, Issue 7, 2025

6G and
Beyond
Smart
Grose: Cities/Sm
Indestry -art
Adoption Environm
-ent
OPPORTUNITIES
Enabling
Internet of IntAeL/rlz\a/'IcIi_on
Things g
. Improving :
Radar and
Sensing
System

Figure 3: Block diagram of Opportunities of Reconfigurable Intelligent Surface

5. Threats of RIS

Despite the promising developments and prospects of

Reconfigurable Intelligent Surfaces (RIS), the
widespread adoption of this technology is confronted
by several external risks and difficulties. These threats
are spread across technical, industrial, legal, and
strategic domains. They must be removed to enable
RIS to grow into a useful, scalable, and secure part of
future communication networks [30]. One of the main
threats to RIS is from the rival emerging technologies,
including massive MIMO (Multiple-Input Multiple-
Output), millimeterwave (mmWave), and terahertz
communications. Such technologies are more mature
and are being rolled out commercially, particularly in

the advanced 5G and pre-6 G world [31]. The fact is
that massive MIMO, for example, can provide high

and multiplexing gains without the

capacity
complexity of external reflective surfaces [32]. Privacy
and security risks related to RIS are another problem.
With

the way RIS alters the transmission of

electromagnetic waves, there is a possibility of
malicious use like signal spoofing, jamming, and
unauthorized signal manipulation [33]. RIS might
reflect sensitive data unwittingly in the directions of
unintended recipients or might open exploitable

backdoors in secure communication channels [34].

The control units that deal with RIS configuration can
be attacked by cybercriminals, putting vast network
segments at risk [4]. A significant challenge is inherent
in integrating RIS with preexisting wireless

infrastructure. Intelligent environmental surfaces were
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not considered when the current network architecture

and protocols were made [35].

In industry opposition from the existing telecom
stakeholders the adoption of RIS.
established

can delay

Telecommunication providers prefer
supply chains, chains that return on investment (ROI),
and industry backup logics [36]. To persuade such
stakeholders to shift directions towards a relatively
untested way of doing things, such as RIS adaptation,
may be hard, particularly in capital-intensive areas
where risk-aversion is significant [37]. RIS also suffers

an imminent threat of technological obsolescence. The

speed of development of wireless solutions will be such
that new, efficient solutions may appear before RIS is
commercialized [38]. If the competing technologies
provide similar or better performance without RIS's
complexity, the technology will be marginalized or
relegated to niche applications [39]. Finally, patent
disagreements and licensing contests can hamper the
development and deployment of RIS. Consequently,
institutions and firms rush to patent RIS-related
and

innovations, leading to overlapping claims

intellectual ~ property  conflicts, posing legal

obstructions to manufacturers and innovators [40].
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Figure 4: Block diagram of Threats of Reconfigurable Intelligent Surface
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Table 1: Comparative SWOT Analysis of Reconfigurable Intelligent Surfaces (RIS)

Strengths

Weaknesses (in comparison)

Passive design saves energy

Cannot amplify signals due to passive nature

Cost-effective compared to active technologies

Complex control and coordination of reflective elements

Programmable for dynamic beamforming

Depends heavily on accurate Channel State Information (CSI)

Scalable and modular deployment

Difficult to integrate with existing wireless infrastructure

Enhances coverage in non-line-of-sight (NLOS)

areas

Performance reduces in mobile or fast-changing environments

Supports green and sustainable communication

Physically vulnerable to damage, misalignment, or obstruction

Opportunities

Threats (in comparison)

Key role in 6G and intelligent radio

environments

Competing technologies like massive MIMO and THz

communication

Integration with AI/ML for smart beamforming

Requires high computation; may introduce latency or system

load

Useful in smart cities, smart buildings, and IoT

systems

Existing infrastructure may not support RIS integration easily

Low-cost connectivity for rural and remote areas

Lack of global standards and regulations can delay deployment

Cross-industry use: automotive, healthcare,

factories

Security risks such as signal spoofing or hacking of RIS control

units

Hybrid use with MIMO or relay systems for
reliability

Rapid tech advancement could make RIS obsolete before full

adoption

Aligns with sustainability and energy-saving goals

Patent and licensing issues may increase legal and commercial

hurdles

Conclusion

radio environments are utilized, controlled, and

optimized in the era of 6G and beyond. By enabling

Reconfigurable Intelligent Surfaces (RIS) represent a

groundbreaking advancement in

passive or semi-passive manipulation of

wireless

electromagnetic waves, RIS provides a sustainable,

communication, offering the potential to reshape how
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energy-efficient, and cost-effective alternative to

traditional active communication technologies. The
conducted SWOT analysis highlights that RIS excels
in programmability, scalability, and alignment with
global sustainability goals. Critical challenges such as
amplification, complex control

limited signal

requirements, reliance on precise channel state
information, and the absence of standardized
regulatory frameworks must be addressed before large-

scale deployment can be realized.

Despite these limitations, the technology's integration
with artificial intelligence and machine learning opens
pathways for intelligent, adaptive, and resilient wireless
networks. Moreover, RIS holds promise across diverse
domains including smart cities, rural connectivity,
healthcare, transportation, and industrial automation.
Nonetheless, external threats from competing
technologies, security concerns, and legal uncertainties
may delay or hinder widespread adoption. To harness
the full potential of RIS, focused research, cross-
industry  collaboration, and  proactive  policy
development are essential. With strategic efforts, RIS
can become a cornerstone of future communication
intelligent and  sustainable

systems, enabling

connectivity across global networks.
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