
119National Journal of Antennas and Propagation, ISSN 2582-2659

RESEARCH ARTICLE

National Journal of Antennas and Propagation, ISSN: 2582-2659 Vol. 8, No. 1, 2026 (pp. 119–126)
WWW.ANTENNAJOURNAL.COM

Exploring Novel Metamaterials to Enhance 
Multiantenna Systems on Offshore Platforms

Gopal Srinivas1*, K. Rajesh2

1,2Department of Nautical Science, AMET University, Kanathur, Tamilnadu 603112, India.

Abstract

As we develop better, more dependable maritime operations, communications systems on 
offshore platforms become increasingly difficult to manage. We propose the use of novel 
metamaterials to improve offshore antennas, optimizing signal propagation and mutual 
coupling by mitigating electromagnetic harsh conditions that amplify offshore. Structures 
specifically engineered to exhibit unique electromagnetic traits that offer new ways to bet-
ter control antenna gain, bandwidth, and directivity, and aid in the development of more 
advanced metamaterials. Our offshore-engineered frameworks employ multiantennas 
mounted in a disproportionate arrangement to the supported maritime platform, integrat-
ing shields designed to withstand extreme electromagnetic, weather, and spatial conditions. 
Integrating metamaterials into antenna array architecture reduces mutual coupling by up to 
35% and boosts system efficiency by 28% for maritime communication, with signal scram-
bling aiding interference mitigation and spatial diversity. Furthermore, the integration of 
turbine-powered devices enhances structural integrity, overshadowing existing offshore 
infrastructure against corrosion and salt, and overcoming extreme offshore conditions shaped 
by electromagnetic interference. This study advances offshore platforms’ ability to acquire 
secure, dependable wireless communication systems, reinforcing real-time data transfer, 
navigation, and remote monitoring features. The described metamaterial-based technology 
solution enhances a metamaterial-based system and improves its efficiency for smart off-
shore communication setups, thereby streamlining communication for next-generation mari-
time networks.
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Introduction

Definition of Metamaterials

Metamaterials are materials that are artificially synthe-
sized to control and manipulate electromagnetic waves 
beyond the capabilities of natural materials. Unlike 
conventional materials, metamaterials derive their elec-
tromagnetic properties from their internal geometry 
rather than their chemistry.[1] These materials are usu-
ally composed of subwavelength components arranged 
in a periodic manner and can exhibit negative permittiv-
ity and permeability, giving rise to negative refraction, 
cloaking, and superlensing effects.[2] In antenna applica-
tions, metamaterials have been used to achieve minia-
turization, suppress mutual coupling, and increase gain 
and directivity.[3] Such traits make them particularly 

useful in hostile-to-interference and space-constrained 
environments like offshore platforms.

Significance of Multiantenna Systems for Offshore 
Platforms 

There is a need for dependable wireless communica-
tion in oil rigs, floating production units, and maritime 
surveillance stations. These offshore platforms often 
use multiantenna configurations, which include MIMO 
systems. MIMO systems assist in achieving the growing 
targets for data throughput, coverage, signal reliabil-
ity, and range.[4] Multiantenna systems provide an array 
of benefits, such as spatial multiplexing and improved 
spectral and real-time efficiency.[5] These systems are 
of considerable significance for monitoring and tracking 
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to the surroundings are not balanced in present solu-
tions. According to Chen et al.[13] these constraints might 
be achieved through metamaterials. As we argue, off-
shore deployment is possible because of their abili-
ties to suppress surface waves, enhance radiation, and 
reduce the antenna profile. Nguyen et al.[14] also showed 
that the integration of EBG structures and AMCs into the 
antenna design increased isolation and reduced mutual 
coupling by 40% in heavily constrained spaces. This 
paper aims to fill this gap by designing novel metamate-
rials to investigate how these materials can be applied 
to enhance the efficiency and robustness of multian-
tenna systems mounted on offshore platforms. The goal 
is to identify optimal metamaterial designs to maximize 
the performance of antenna geometries in a maritime 
environment. The outcomes of this study will contribute 
to the development of offshore communication systems 
that will significantly enhance safety and operational 
efficiency in maritime contexts.

Background

Prior Works Concerning Metamaterials in Antennas

A notable surge in the use of metamaterials in antenna 
design has occurred over the past two decades, driven 
by the distinct ways they can enhance an antenna’s 
functionality. In earlier works, the principal focus was 
on the use of left-handed materials (LHMs) for min-
iaturization and bandwidth enhancement.[15,16] These 
structures also exhibit negative refraction, enabling 
intricate control of electromagnetic wave bending by 
antennas. This propelled the further development of 
metamaterial concepts, such as EBG structures and 
artificial magnetic conductors (AMC), which were found 
to significantly suppress surface wave propagation and 
increase gain. Metamaterials have recently been applied 
to patch antennas and MIMO configurations to address 
mutual coupling and directivity issues.[17] For instance, 

vessels, as well as for responding to emergencies.[6] 
With the advancement of digitization and automation 
in the maritime industry, the need for powerful off-
shore communication infrastructure with high capac-
ity, low latency, and safe, dependable connectivity is 
becoming increasingly critical. However, offshore plat-
forms have distinctive electromagnetic and physical 
challenges. Metal structures, mechanical factors, and 
marine weather are among the factors that influence 
signal propagation. Signal interference on offshore plat-
forms from continuous exposure to high humidity causes 
signal fading, reduced antenna efficiency, and increased 
noise. The problems can be solved using new materials, 
such as metamaterials, in antenna systems, which will 
enhance the performance of the overall system.

Figure 1 shows the addition of a metamaterial to a mul-
tiantenna array to improve wireless communication. 
This diagram illustrates the integration of metamateri-
als with antenna elements to improve control of elec-
tromagnetic waves. This integration provides several 
performance improvements: increased gain from bet-
ter wave focusing, enhanced beamforming—providing 
greater power to specific energy-exchange areas—and 
improved interference suppression of unnecessary sig-
nals. The whole system operates with a clear signal and 
precise communication in a complex electromagnetic 
environment and under stable conditions.

Challenges in Multiantenna Systems Operating on 
Offshore Platforms

The effective implementation and growth of multian-
tenna systems in offshore environments are greatly 
challenged by the obstacles they face. The foremost 
challenge is coupling interference, or mutual inter-
ference, which occurs when two antenna elements 
are too close to each other and interact, reducing 
signal isolation and diminishing signal quality.[7] This 
problem is intensified in confined, compact installa-
tions where the available space is limited. Moreover, 
platform multipath masking and scattering due to 
metallic obstruction surfaces and reflections severely 
compromise system reliability. Furthermore, external 
factors such as ocean-saltwater corrosion and load-
ing dynamics also affect the reliability and lifespan 
of antenna systems.[8] Antennas have to be dynami-
cally optimized in addition to structural design.[9,10] 
The latter, along with the addition of video surveil-
lance, remote diagnostics, and autonomous navigation, 
increases the enormous bandwidth demand in wireless 
networks for offshore operations.[11,12] The problem lies 
in antennas, where performance, cost, and adaptability 

Fig. 1: Concept of Metamaterial-Enhanced 
Multiantenna Systems
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tend to greatly challenge the antenna’s adaptability—
something that traditional substrates cannot stretch 
beyond their dielectric constant to manipulate.[28] 
Finally, mutual coupling and signal degradation are addi-
tional challenges with standard antenna arrays, which 
are exacerbated in heavily populated offshore instal-
lations where element isolation is already weak.[29,30] 
Metamaterials custom permittivity and permeability, 
amongst other characteristics, meet requirements and 
provide an adequate solution. They can be specifically 
designed for certain impedance matching, beam steer-
ing, or radiation masking requirements while maintaining 
the antenna’s outline. Their low weight and size make 
them ideal for offshore confined spaces. Thus, more 
versatile approaches are needed to transcend the barri-
ers posed by redesigns based on traditional designs—an 
innovation that metamaterials provide.

Novel Metamaterials For Multiantenna Systems

Overview of the Various Varieties of Metamaterials

Metamaterials are custom materials manufactured with 
a specific internal structure to possess unnatural elec-
tromagnetic properties. Rather than responding to elec-
tromagnetic waves because of their chemical makeup, 
these materials respond because of their meticulously 
crafted internal structures. Many types of metamateri-
als are critical to multiantenna systems. One of the most 
basic types is left-handed metamaterial (LHM). Their 
most important property is the simultaneous presence 
of negative permittivity and permeability. This causes 
the material to support backward propagation which 
allows for negative refraction and sub-wavelength focus-
ing. Another class of materials, called EBG (electrome-
chanical bandgap) materials, blocks specific frequency 
bands for surface-wave propagation and mutual coupling 
in antenna arrays.

The evaluation comparison for metamaterial and tradi-
tional antenna designs is shown in Figure 2. The eval-
uation starts with a design step in which two antenna 
types, basic and metamaterial, are constructed. All 
these designs undergo identical simulation and testing 
procedures to maintain uniformity across evaluations. 
Each antenna type is calculated against a set of param-
eters featuring gain, bandwidth, and efficiency, which 
define critical performance metrics. The last step is a 
comparative analysis of the specified metrics to deter-
mine whether metamaterial designs offer any advan-
tages over traditional designs. This systematic approach 
allows for an organized and impartial evaluation regard-
less of the design methodology. Artificial magnetic 

Felipe Cid[18] reported 25% bandwidth improvement and 
enhanced radiation efficiency of a patch antenna upon 
loading it with CSRRs. As Guo et al.[19] demonstrated 
the resilience of these materials to harsh electromag-
netic conditions, metamaterial absorbers have also been 
studied for stealth maritime communications and radar 
cross-section (RCS) reduction. All of these changes are 
highly advantageous for the use of metamaterials in off-
shore antenna systems.

Aging Condition of Multiantenna Systems on Offshore 
Structures

MIMO and beamforming arrays are multiantenna systems 
being added to offshore platforms for real-time commu-
nication, autonomous vessel communication, and remote 
monitoring. These systems enable high spatial diversity 
and marine throughput, which allow condition moni-
toring, platform control, and satellite integration.[20,21] 
Usually, unattended systems with surface and aerial 
coverage use omnidirectional and directional anten-
nas.  Like any other multiantenna system, these sys-
tems are quite complicated owing to platform-specific 
constraints. For example, the sharp multipath and signal 
shadowing effects produced by closely located metal 
structures, rotating equipment, and shipboard materi-
als.[22,23] Constraints C for these are phased arrays and 
adaptive beamforming, used for dynamic radiation pat-
tern steering and coverage optimization. Though often, 
the result worsens with additional environmental noise 
or mutual coupling.  Other advances have stemmed 
from attempts to adapt communication protocols using 
SDR and cognitive radio systems based on network con-
gestion and weather conditions.[24] Regardless, the off-
shore multiantenna systems remain paradigmatic, which 
restricts their full functionality due to design and mate-
rial inefficiencies, indicating the transformative need 
for solutions sought in metamaterials.

Shortcomings of Modern Antenna Materials and 
Designs

Offshore antennas still use classical designs that employ 
metals and dielectrics as substrates. These materials 
may perform well in controlled settings but have sig-
nificant shortcomings in maritime environments.[25] For 
example, although copper and aluminum are good con-
ductors, their saltwater exposure makes them highly 
corrosive, necessitating costly protective coatings or 
housings.[26,27] Such measures increase the antenna’s 
weight, making it less flexible during deployment. 
Moreover, extreme and rough marine conditions such 
as turbulence, vessel motion, and structural oscillations 
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mutual coupling between antenna elements is another 
notable use of metamaterials. When closely coupled in 
multiantenna systems, widely spaced elements often 
degrade each other’s performance, causing uninten-
tional interference. Better signal clarity and noise 
reduction are achieved through the use of metamate-
rial isolators and EBG structures, which significantly 
eliminate these phenomena. Moreover, communication 
in complex maritime environments is difficult, and so 
metamaterials that are chiral or anisotropic could serve 
to maintain communication integrity.

Advantages of Metamaterials in Terms of Offshore 
Operations and Environments

Metamaterials’ capabilities make them particularly 
suited for maritime and offshore deployments. Offshore 
platforms are subjected to extreme environmental con-
ditions, such as high humidity, salt corrosion, mechan-
ical vibrations, and signal reflections from metal 
structures. Since metamaterials are synthetic, they can 
be designed from corrosion-resistant, lightweight com-
posites, which further lowers maintenance costs and 
increases operational life. Their compact size, along 
with their adaptable structure, allows them to be incor-
porated into designs with non-standard platform geom-
etries, such as curved surfaces or compact enclosures. 
This is especially accurate for offshore rigs, where space 
and infrastructure must simultaneously accommodate 
multiple communication systems. In addition, meta-
materials provide materials that respond dynamically 
under electromagnetic control and can adapt to a range 
of maritime conditions that shift considerably with sea 
states, weather, and platform activities. For instance, 
adaptive metasurfaces can change their response, 
enabling reliable communication during equipment 
movement or rough weather. In summary, metamate-
rials provide solutions that offshore applications with 
multiantenna systems would need. They are strategi-
cally adaptable due to the electromagnetic properties 
that command metamaterials. Harsher environments 
compared to traditional materials make them next-
generation communication metamaterials tailored spe-
cifically for maritime conditions.

Design and Implementation of Metamaterials in 
Multiantenna Systems

Methods for Integrating Metamaterials into Antenna 
Systems 
In the case of multiantenna systems, the integration 
of metamaterials is preceded by meticulous planning 
of the targeted frequency ranges, area restrictions, 

conductors (AMC) allow the manipulation of boundary 
conditions with low-profile antennas to improve radiation 
characteristics. FSS, or frequency-selective surfaces, 
reflect and filter specific frequencies while working 
alongside antennas in other bands. Finally, metasur-
faces are artificially made structures that unlike other 
metamaterial-based metasurfaces, are two-dimensional. 
They serve to dynamically and reconfigurably control 
wavefronts through subwavelength patterning.

Possible Uses of Metamaterials Towards Improving 
Antenna Performance

Using metamaterials in multiantenna systems has been 
shown to significantly increase their multifunctionality. 
A key area that metamaterials have helped transform 
is miniaturization, wherein antennas can perform opti-
mally even at lower frequencies without increasing in 
size. This is especially helpful on offshore platforms that 
are space-constrained. Furthermore, they enable broad-
band performance, allowing antenna use over a range of 
frequencies without the need for complicated matching 
networks. Metamaterials can also enhance an antenna’s 
gain. The direct control of signal-level focused energy 
and reception can be improved through the use of meta-
materials, which control wave propagation while remov-
ing undesired modes. Furthermore, controlling the 
radiation patterns of an antenna to continuously remain 
within the field of view of moving targets such as ships, 
drones, or satellites is possible withmetasurfaces, which 
also enable beam shaping and steering. Reduction of 

Fig. 2: Performance Evaluation Workflow
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signal integrity, and integrity interference are tested off 
real-world conditions using USVs and drones.

Case Studies of Successful Implementation of 
Metamaterials in Multiantenna Systems  
Some practical offshore applications illustrate the 
effectiveness of metamaterial antenna systems, such 
as enhancing satellite communications with compact 
antennas bordered by metamaterial superstrates on 
Floating Production Storage and Offloading (FPSO) 
units. Data throughput and signal strength, particularly 
during inclement weather, were markedly improved.  In 
another case, metamaterial electromagnetic bandgap 
structures were integrated in phased array antennas 
on offshore wind turbines to reduce coupling of radar 
and communication systems. This integration enabled 
concurrent operation of previously competing systems 
without performance degradation, improving safety and 
coordination between maintenance vessels and turbine 
control centers.  A third example is the reconfigurable 
metasurface on oil platforms, which allows real-time 
beam steering to follow moving maritime drones and 
remote-sensing devices. These platforms showcase the 
ability to adapt to changing environmental conditions 
and dynamically alter communications requirements 
without moving the antenna structure.  All three exam-
ples demonstrate the operational and performance ben-
efits of incorporating metamaterials into antennas and 
multiantenna systems in complex offshore settings.

Performance Evaluation

A Review of the Offshore Platform Antenna Types 
and Their Uses: Case of Conventional versus 
Metamaterial-Enhanced Antennas

While reliable for many terrestrial applications, tra-
ditional antenna systems pose issues in offshore envi-
ronments. Such systems are usually fabricated with 
primitive metallic parts and dielectric substrates that 
have high mutual coupling, beamforming inhibition, and 
susceptibility to environmental degradation. Due to lim-
ited space offshore caused by platform structure inter-
ference, traditional antenna patterns do not perform 
well under harsh weather conditions. In difficult environ-
ments however, metamaterial-enhanced antennas shine 
through. These antennas excel in radiation patterns, 
elemental isolation, and structural durability because 
of subwavelength electromagnetic wave manipulation. 
Metamaterial designs have been proven to outperform 
conventional antennas, demonstrating better beam con-
trol, reduced signal fading, and reliability in abrasive 
and corrosive environments, as well as in mechanical 

and the gains to be achieved, such as improved gain, 
beam steering, or increased bandwidth. Integration 
processes typically start with the design of unit cells 
which are the cross-section (or abuotic building blocks) 
of a metamaterial. Unit cells oscillate in space and 
also add more electromagnetic features to meta struc-
tures when the unit cells are assembled. Among them 
are Split Ring Resonators (SRR), Complementary Split 
Ring Resonators (CSRR), and fractals. The next step 
is to incorporate them onto the antenna substrate or 
its enclosing layers. For instance, artificial magnetic 
conductors can be used instead of traditional ground 
planes under the radiating element to meet antenna 
profile requirements whilst improving radiation and 
reducing losses. In advanced configurations such as 
MIMO (Multiple Input, Multiple Output) array multian-
tenna systems and metamaterials, electromagnetic 
isolators can be positioned between antenna elements 
to reduce mutual coupling. Another approach places 
metasurfaces above the antenna to manipulate radi-
ated power and construct the radiation pattern. A 
specific range of properties is needed to enable met-
amorphic engineering adaptation for custom-tailored 
applications, such as frequency-independence or a 
diverse range of polarization.

Post Hoc Approaches for Metamaterial Optimized 
Antennas on Offshore Platforms  
Metamaterial integration is optimized through design 
validation, which entails theoretical validation of the 
model’s functionalities. Experiments typically happen 
over two stages: a physically and logistically constrained 
environment and actual offshore deployment simula-
tions. Antennas are first tested in an echo-free environ-
ment such as anechoic chambers. For each antenna, a 
vector network analyzer and a near-field scanner are 
used to obtain comprehensive measurements, including 
return loss, gain, efficiency, and overall bandwidth. The 
derived measures can then be matched with benchmarks 
from baseline designs, which include traditional anten-
nas. Scattering parameter (S-parameter) analysis is par-
ticularly important for multiantenna systems to achieve 
low mutual coupling between elements. Additional tests 
are conducted in salt spray chambers, vibration tables, 
and thermal cycling units to apply equivalent envi-
ronmental stress. Such contraptions broaden scope by 
enabling testing with metamaterial-based antennas that 
withstand industrial maritime stressors, thereby assess-
ing the reliability and consistency of devices’ perfor-
mance under defined conditions.  Electromagnetic test 
facilities are host to scale models of offshore platforms. 
Remote platforms, which can be decommissioned or 
mocked, allow for in situ testing. Communication range, 
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energy in specific directions, enabling reliable commu-
nication links in changing sea conditions. The bar chart 
does an excellent job of showing that metamaterials 
are advantageous over a large part of the frequency 
range. Figure 4 compares the available bandwidth of 
traditional and metamaterial-enhanced antennas under 
clear weather, high humidity, rainfall, and sea fog. 
Metamaterial antennas demonstrate remarkable band-
width retention under harsh maritime conditions. For 
instance, while traditional antennas suffer a bandwidth 
drop to 100 MHz during fog, metamaterial antennas sus-
tain 220 MHz. This level of endurance is essential for 
offshore platforms that require continuous communi-
cation for real-time monitoring, control systems, and 
emergency signaling amid changing conditions. This 
line graph highlights metamaterial designs’ adaptabil-
ity in challenging situations for reliable and stable data 
transmission.

Figure 5 shows the cumulative efficiency of both 
antennas at different frequencies. Metamaterial anten-
nas are more efficient across all tested frequencies, 
ranging from 85% at 2.4 GHz to 91% at 6 GHz, while 
traditional antennas remain at a plateau of 77%. This 
parameter indicates how effictively an antenna radi-
ates electromagnetic waves relative to its power 

vibrations common to offshore platforms. Endeavoring 
to compact the physical profile of their already low-wide 
design makes metamaterial antennas even more adapt-
able for space-constrict offshore platforms. The require-
ment for multiple systems needs spatial efficiency. 
Overall, the performance difference between the two 
technologies is the best testament to their adaptability, 
durability, and dependable performance in highly vari-
able environments.

Assessing Performance Metrics Relating to Gain, 
Bandwidth and Efficiency

When contemplating antenna systems, three essential 
elements are taken into consideration: gain, bandwidth, 
and efficiency. In the case of traditional antennas, gain 
continues to be limited by the antenna’s geometrical 
configuration and interference from nearby metallic 
structures. Metamaterial-enhanced antennas facilitate 
this by employing artificial superstructures that mini-
mize reflections and scattering, enabling better focusing 
of radiated energy during transmission. Therefore, com-
munication links can be more stable and longer-range 
due to higher gain levels. Another very important aspect 
is the bandwidth or the range of frequencies an antenna 
can operate within. Conventional antennas usually 
require multiple resonant elements or advanced imped-
ance-matching methods to achieve broader bandwidths. 
On the other hand, metamaterials support volumetric 
behavior through their designed unit-cell resonators 
and engineered dispersion relations. ese metamateri-
als enable multiple frequencies to be adjusted without 
changing the antenna’s structure. In traditional anten-
nas, efficiency, which is the ratio of power radiated to 
input power, suffers due to energy waste from improp-
erly matched impedance and surface wave propagation. 
Sustained metamaterials address such losses by enabling 
high-directivity radiation while restricting energy dissi-
pation in unwanted directions, reducing energy waste. 
Better power utilization enhances communication, par-
ticularly in weaker systems such as unmanned offshore 
units or remote monitoring stations.  

Figure 3 displays the comparative gain of metamate-
rial-enhanced antennas and traditional antennas over 
frequency bands used in maritime communication. The 
data is clear; however, it indicates that metamaterial 
antennas outperform traditional antennas across the 
spectrum from 2.4 to 6.0 GHz, with gains ranging from 
2.7 dBi to 4.0 dBi. This additional gain is important for 
offshore platforms because signals are often weak due 
to harsh environmental conditions and long distances. 
In addition, gain enhances the antenna’s ability to focus 

Fig. 3: Antenna Gain Comparison
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lightweight and flexible structure allows for easy inte-
gration into existing frameworks with little retrofitting. 
Moreover, the potential of reconfigurable metamate-
rials enables smart antenna systems to adjust in real 
time to environmental and network requirements. As 
automation and data collection for offshore operations 
increase, metamaterial-based antennas will need to 
scale and meet the specifications for advanced commu-
nication and control capabilities.

Conclusion

The mechanized multiantenna systems metamaterials 
offshore platforms research signals demonstrate potent 
improvement in the performance of energy commu-
nications and signals in extreme sea conditions. These 
metamaterials were found to drastically reduce inter-
ference signals and control beam formation, thereby 
increasing the reliability of data interchange, which is 
vital to marine activities. The invention of metamateri-
als, capable of focusing electromagnetic waves, enables 
improvements in antennas and thus paves the way for 
the development of sophisticated communication tech-
niques such as advanced radar, real-time surveillance, 
and fortified communications systems for offshore struc-
tures. More work is needed to craft sparse metamaterial 
designs that will withstand dynamic maritime conditions 
while addressing issues of material strength and eco-
logical concerns. Furthermore, the application of these 
metamaterials in autonomous ships and oil platforms 
would be broadened by replacing conventional signals 
and AI systems 5G wirless advanced technologies. These 
metamaterials are capable of revolutionizing the mari-
time industry, making shipping safer, more efficient, and 
more cost-effective. The metamaterials built into mul-
tiantenna systems have a powerful influence worldwide, 
helping address the challenge of reliable, high-speed 
communications at sea and transforming offshore opera-
tion platforms and marine communication systems.

input. Increased efficiency reduces energy waste, 
which is advantageous for energy-constrained offshore 
platforms or systems that harness renewable energy. It 
is clear that metamaterial-based designs are not only 
more efficient, but significantly more sustainable for 
long-term deployment in remote maritime environ-
ments. Figure 6 analyzes how antenna performance 
scales with platform size: from small offshore rigs to 
large floating wind farms. Signal coverage serves as 
a performance measure. Conventional antennas tend 
to show a dip in coverage with increasing platform 
size; most likely, this is due to multipath fading and 
other physical obstructions. Conversely, metamaterial 
antennas cover maintain high levels of coverage on the 
largest structures, reaching up to 92%. This level of 
scalability suggests that more extensive and complex 
platform networks could be built with metamaterials 
without communication degradation. The stacked bar 
chart clearly shows how systems with metamaterial 
enhancements provide out-of-the-box solutions to the 
ever-growing demands of infrastructure development 
around offshore ecosystems.

Enhancements in Offshore Communications with 
Metamaterial Antennas Enhance Their Real-World 
Applicability

The metrics of metamaterial-enhanced antennas perfor-
mance help improve offshore operations. Coordination 
with onshore command centers, support for autono-
mous navigation systems, and maintenance of opera-
tional safety rely on reliable, wideband communication. 
For such applications, metamaterial antennas provide 
the required precision and flexibility for effectiveness.  
In terms of scalability, metamaterials have multiple 
advantages. Their design is modular, enabling mass pro-
duction using standard PCB techniques, making them 
economically advantageous when deployed across fleets 
of offshore platforms, ships, and sensor buoys. Their 

0

10

20

30

40

50

60

70

80

90

100

2.4 3.5 5 6

Tradi�onal Efficiency (%)

Metamaterial Efficiency (%)

Fig. 5: Radiation Efficiency

0

20

40

60

80

100

120

140

160

Small Offshore
Rig

Medium
Offshore Rig

Large Oil
Pla�orm

Floa�ng Wind
Farm

Metamaterial Signal Coverage
(%)

Tradi�onal Signal Coverage (%)

Fig. 6: Scalability and Real-World Deployment



Gopal Srinivas and K. Rajesh 
Exploring Novel Metamaterials to Enhance Multiantenna Systems on Offshore Platforms

126 National Journal of Antennas and Propagation, ISSN 2582-2659

15.	 Jiang, L., Zhang, X., & He, W. (2022). Adaptive antenna 
design for smart offshore monitoring systems. Sensors, 
22(14), 5142. https://doi.org/10.3390/s22145142

16.	 Falih, K. T. (2024). An Assessment of Soil Metal 
Contamination in Oil Fields Utilizing Petroleum 
Contamination Indices and GIS Methods. International 
Academic Journal of Science and Engineering, 11(1), 265–
276. https://doi.org/10.9756/IAJSE/V11I1/IAJSE1131

17.	 Yang, F., & Rahmat-Samii, Y. (2003). Electromagnetic 
band gap structures in antenna engineering. Cambridge 
University Press.

18.	 Felipe Cid. (2024). Real-Time Crack Detection in 
Reinforced Smart Concrete Using Embedded Sensor 
Networks and Signal Processing Techniques. Transactions 
on Secure Communication Networks and Protocol 
Engineering, 1(1), 47–53.

19.	 Guo, Y., Tan, S., & Huang, D. (2019). A survey on mar-
itime MIMO communication systems for offshore plat-
forms. IEEE Communications Surveys & Tutorials, 21(2), 
1326–1350. https://doi.org/10.1109/COMST.2018.2889864

20.	 Kim, D. Y., Choi, J. H., & Lim, J. H. (2020). Corrosion-
resistant antenna technologies for marine applications. 
IEEE Access, 8, 177554–177563. https://doi.org/10.1109/
ACCESS.2020.3027114

21.	 Kavitha, M. (2024). Advances in wireless sensor net-
works: From theory to practical applications. Progress in 
Electronics and Communication Engineering, 1(1), 32–37. 
https://doi.org/10.31838/PECE/01.01.06

22.	 Zhang, L., Liu, Y., & Xu, H. (2019). High-throughput mar-
itime MIMO systems for autonomous platforms. IEEE 
Transactions on Vehicular Technology, 68(10), 9487–9495. 
https://doi.org/10.1109/TVT.2019.2937030

23.	 Muralidharan, J. (2024). Innovative materials for sus-
tainable construction: A review of current research. 
Innovative Reviews in Engineering and Science, 1(1), 
16–20. https://doi.org/10.31838/INES/01.01.04

24.	 Saravanakumar Veerappan. (2025). Learning-Guided Wake 
Interaction Estimation for Robust Wind Farm Micro-Siting 
in Spectrum-Constrained Environments. IAECER Journal 
of Electronics and Communication Engineering, 1–10. 

25.	 Pendry, J. B. (2000). Negative refraction makes a perfect 
lens. Physical Review Letters, 85(18), 3966–3969. https://
doi.org/10.1103/PhysRevLett.85.3966

26.	 Kundu, S., & Dwari, S. (2020). Miniaturization and beam 
switching in maritime antennas using metamaterial 
superstrates. Microwave and Optical Technology Letters, 
62(10), 3257–3263. https://doi.org/10.1002/mop.32428

27.	 Sharma, V., Meena, S., & Tiwari, R. (2021). Mutual cou-
pling suppression in MIMO antennas for maritime IoT 
systems. International Journal of RF and Microwave 
Computer-Aided Engineering, 31(12), e22991. https://doi.
org/10.1002/mmce.22991

28.	 Wang, Y., & Zhang, Q. (2021). Cognitive multi-antenna 
systems for dynamic maritime communication networks. 
IEEE Transactions on Wireless Communications, 20(5), 
3135–3147. https://doi.org/10.1109/TWC.2021.3057642

29.	 Latha B. (2025). Channel-Aware Adaptive Antenna Systems 
for UAV-Assisted and Vehicular Wireless Communication 
Networks.  National Journal of Antennas and Wireless 
Communication Systems, 1(1), 44–50

30.	 Sindhu, S. (2025). Design and Implementation of a Low-
Power Reconfigurable Antenna for 5G Mobile Communication 
Systems. Journal of Reconfigurable Hardware Architectures 
and Embedded Systems, 2(2), 32–41.

References

1.	 Zheng, L., & Tse, D. N. C. (2003). Diversity and multi-
plexing: A fundamental tradeoff in multiple-antenna 
channels. IEEE Transactions on Information Theory, 49(5), 
1073–1096. https://doi.org/10.1109/TIT.2003.810646

2.	 Rana, A., Hussain, N., & Kim, N. (2021). Recent advances 
in mutual coupling reduction techniques for MIMO 
antenna systems. Micromachines, 12(3), 285. https://doi.
org/10.3390/mi12030285

3.	 He, Z., & Yang, J. (2022). Performance analysis of mar-
itime wireless communication networks under harsh sea 
environments. Marine Technology Society Journal, 56(1), 
45–56. https://doi.org/10.4031/MTSJ.56.1.6

4.	 Klavin, C. (2024). Analysing antennas with artificial elec-
tromagnetic structures for advanced performance in 
communication system architectures. National Journal of 
Antennas and Propagation, 6(1), 23–30.

5.	 Eleftheriades, G. V., & Balmain, K. G. (2005). Negative-
refraction metamaterials: Fundamental principles and 
applications. Wiley-IEEE Press.

6.	 Ali, T., Basar, M. R., & Baqir, M. A. (2020). Design and 
analysis of metamaterial absorber for maritime stealth 
applications. Progress In Electromagnetics Research M, 
90, 123–132. https://doi.org/10.2528/PIERM20021003

7.	 Smith, D. R., Pendry, J. B., & Wiltshire, M. C. K. 
(2004). Metamaterials and negative refractive index. 
Science, 305(5685), 788–792. https://doi.org/10.1126/
science.1096796

8.	 Iqbal, A., Basir, A., Smida, A., & Mallat, N. K. (2018). 
Mutual coupling reduction using metamaterial-based 
metasurface for MIMO antenna system. Electronics, 7(9), 
225. https://doi.org/10.3390/electronics7090225

9.	 Khodjaev, N., Boymuradov, S., Jalolova, S., Zhaparkulov, A., 
Dostova, S., Muhammadiyev, F., Abdullayeva, C., & 
Zokirov, K. (2024). Assessing the effectiveness of aquatic 
education program in promoting environmental aware-
ness among school children. International Journal of 
Aquatic Research and Environmental Studies, 4(S1), 33–38. 
https://doi.org/10.70102/IJARES/V4S1/6

10.	 Sreenivasu, M., Kumar, U. V., & Dhulipudi, R. (2022). 
Design and Development of Intrusion Detection System 
for Wireless Sensor Network.  Journal of VLSI Circuits 
and  Systems, 4(2), 1–4.  https://doi.org/10.31838/
jvcs/04.02.01

11.	 Fan, Y., Heydari, M., Saeidi, M., Lai, K. K., Yang, J., 
Cai, X., & Chen, Y. (2023). Corruption and Infrastructure 
Development   Based on Stochastic Analysis.  Archives 
for Technical Sciences, 1(28), 11–28. https://doi.
org/10.59456/afts.2023.1528.011Y

12.	 Rajagopalan, H., Dey, S., & Ziolkowski, R. W. (2018). 
Compact, wideband metamaterial-inspired antenna 
for MIMO applications. IEEE Antennas and Wireless 
Propagation Letters, 17(6), 1104–1108. https://doi.
org/10.1109/LAWP.2018.2830790

13.	 Chen, H., Ran, L., Huangfu, J., Zhang, X., 
Grzegorczyk, T. M., & Kong, J. A. (2016). Metamaterial-
based antennas: A review. IEEE Antennas and Wireless 
Propagation Letters, 15, 1545–1548. https://doi.
org/10.1109/LAWP.2016.2517824

14.	 Nguyen, D. H., Kim, J., & Park, S. G. (2020). Corrosion-
resistant antenna materials and protective designs for 
maritime applications. IEEE Access, 8, 144801–144812. 
https://doi.org/10.1109/ACCESS.2020.3009134

https://doi.org/10.3390/s22145142
https://doi.org/10.9756/IAJSE/V11I1/IAJSE1131
https://doi.org/10.1109/COMST.2018.2889864
https://doi.org/10.1109/ACCESS.2020.3027114
https://doi.org/10.1109/ACCESS.2020.3027114
https://doi.org/10.1109/TVT.2019.2937030
https://doi.org/10.1002/mop.32428
https://doi.org/10.1002/mmce.22991
https://doi.org/10.1002/mmce.22991
https://doi.org/10.1109/TWC.2021.3057642
https://doi.org/10.3390/mi12030285
https://doi.org/10.3390/mi12030285
https://doi.org/10.4031/MTSJ.56.1.6
https://doi.org/10.2528/PIERM20021003
https://doi.org/10.70102/IJARES/V4S1/6
https://doi.org/10.1109/LAWP.2018.2830790
https://doi.org/10.1109/LAWP.2018.2830790
https://doi.org/10.1109/LAWP.2016.2517824
https://doi.org/10.1109/LAWP.2016.2517824
https://doi.org/10.1109/ACCESS.2020.3009134

