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Abstract 

Modern wireless communication technologies which demand high flexibility, efficiency, and 

miniaturization are rendered possible in a substantial manner by reconfigurable antennas and Internet of 

Things (IoT)-based antenna systems. Considering a focus on their application in 5G, WLAN, WiMAX, 

and sub-6 GHz systems, this review offers a thorough analysis of cutting-edge reconfigurable and Internet 

of Things-oriented antenna designs. The design approaches, performance measurements, and 

implementation challenges of various reconfiguration techniques—such as mechanical, electrical, and 

material-based mechanisms—are analysed. Upcoming advances in intelligent, adaptive, and 

multifunctional antenna systems with AI-driven control for next-generation communication devices are 

also covered in the article. 
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1. Introduction 

Wireless communication technology has changed dramatically during the last 20 years, moving from rigid, 

single-frequency antennas to sophisticated, reconfigurable systems that can operate in a variety of 

frequency bands. Today's multi-standard communication platforms, like 5G mobile devices, Internet of 

Things (IoT) sensors, and wearable healthcare systems, are difficult for conventional antennas to handle 

because they are usually optimized for fixed frequencies. Reconfigurable antennas, on the other hand, 

have emerged as a way to overcome these constraints by providing dynamic control over crucial factors 

including frequency, radiation pattern, and polarization. This flexibility reduces hardware complexity and 

increases performance variability by doing away with the requirement for several antenna units. 

Research into small, high-efficiency antenna designs has increased due to the quick growth of IoT 

networks, which require reliable long-range communication with low power consumption. In order to 

guarantee stable data transmission within constrained energy restrictions, communication technologies 

like LoRa, Zigbee, and NB-IoT mostly rely on efficient antenna structures. Antenna systems must develop 
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to provide reliable, flexible, and power-efficient communication as IoT devices continue to spread across 

a variety of applications, from smart cities and industrial automation to biomedical monitoring. 

A viable approach toward intelligent, self-adjusting wireless architectures is the integration of 

reconfigurable antenna principles with Internet of Things platforms. Devices can automatically adjust their 

radiation characteristics and frequency operating to changing network and environmental conditions 

owing to such integration. The next phase of wireless evolution will be determined by this convergence 

of efficiency and flexibility. As a result, this article provides a thorough analysis of recent developments 

in reconfigurable and Internet of Things-based antenna technologies, examining their design approaches, 

performance optimization techniques, and innovations in technology. Additionally, it explores future 

prospects for creating intelligent, adaptable, and miniaturized antenna systems that can satisfy the intricate 

requirements of next-generation communication networks and emphasizes important research barriers. 

 

2. Literature Review 

An inventive origami-based antenna that can mechanically reconfigure between monopole and inverted-

L geometries with a frequency fluctuation of roughly 22.6% was shown by Molaei et al. [1].Sherin Lisa 

Antony et al. [2] designed a rectangular micro strip antenna incorporating corner slots to enable passive 

frequency tuning in the 1.84–1.89 GHz range, making it effective for GSM and GPS applications. An S-

band antenna that used PIN diodes to provide electrical tuning between 2.1 and 3.0 GHz was proposed by 

Apparao and Karunakar [3]. In a similar vein, Dildar et al. [4] achieved a peak gain of 3.6 dBi with 84% 

efficiency by creating a small multiband antenna that supports nine operational frequencies for 5G and 

sub-6 GHz communication systems. 

In a different work, Yasir Abdul Raheem et al. [5] used two PIN diodes to create a multiband setup that 

covered the WiMAX and WLAN bands at 2.2–6 GHz. Varactor diodes, which provide a wide tuning range 

from 0.5 to 2.03 GHz via capacitive loading, were used by Rouissi et al. [6] to demonstrate frequency 

reconfigurability. Delfaut et al. [7] and Alsaraira et al. [8] developed printed and wearable LoRa antennas 

that enable long-range, energy-efficient communication for IoT and low-power applications, with a focus 

on flexibility and biocompatibility for medical and embedded systems. 

The growing importance of reconfigurable antennas as a foundation for next-generation wireless 

technologies is highlighted by thorough reviews by Arnaoutoglou et al. [9] and García et al. [10], 

especially in 5G and IoT environments where adaptability, compactness, and efficiency are crucial 

performance attributes. A small CPW-fed ultra-wideband antenna for 5G IoT devices was introduced by 

Deng and Zheng [11]. An embedded LoRa MIMO antenna that enhances IoT connectivity was proposed 

by Zhang and Gao [12]. Trinh et al. [14] suggested a smaller LoRa antenna for tiny IoT nodes, whereas 

Ferrero et al. [13] developed a dual-band LoRa antenna with high gain. 

IoT antenna performance strategies were thoroughly analysed by Hassan et al. [15]. AI-driven, low-cost 

reconfigurable architectures for compact smart systems were investigated by Roy et al. [16], Kumar et al. 

[17], and Sharma et al. [18]. Novel reconfigurable substrates and foldable geometries for portable wireless 

devices were recently presented by Li et al. [19] and Nguyen et al. [20], emphasizing flexibility and 

performance gains. 

 

3. Comparative Analysis and Experimental Findings 

The current work expands the use of reconfigurable antenna technology by modifying a CPW-fed 

Sierpinski Triangle antenna that was initially intended for 2.4 GHz and 5.8 GHz operations, in addition to 
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the previous research. The suggested antenna's usefulness for Internet of Things (IoT) communication, 

especially under the LoRa protocol, was demonstrated by its successful adaptation to achieve frequency 

tunability at 1.8 GHz. The fractal geometry's adaptability in enabling effective multiband performance 

while preserving a compact structure was validated using parametric optimization. The measured results 

showed that the antenna achieved an increased –25 dB return loss at 1.8 GHz, confirming its resonance 

for Internet of Things applications, and a return loss better than –10 dB at 2.4 GHz and 5.8 GHz, suggesting 

strong impedance matching. 

Stable communication coverage in Wi-Fi, WiMAX, and IoT networks was ensured by the virtually 

omnidirectional far-field radiation characteristics across all operational bands. Additionally, continuous 

frequency adjustment without appreciable loss in gain or efficiency was made possible by the 

incorporation of a varactor diode. These results support the viability of employing tiny, reconfigurable 

fractal antenna topologies as effective, multipurpose solutions for contemporary wireless and Internet of 

Things systems. 

The parametric analysis of the suggested antenna design is shown in Fig. 1, which highlights the effects 

of several structural elements on its performance. Effective impedance matching and frequency tuning are 

confirmed by the simulated S11 response in Fig. 2, which exhibits a distinct resonance at about 1.8 GHz. 

The radiation properties at 1.8 GHz are shown through co-polarization and cross-polarization patterns in 

Fig. 3. The antenna's directional behaviour and polarization purity throughout the resonant frequency band 

are shown by the plots in Figures 3(a) and 3(b), which correspond to measurements at φ = 0° and Figures 

3(c) and 3(d), which show results at θ = 90°. 

 

Figure 1: Parametric study of the antenna (based on length, width etc..) 
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Figure 2: Return loss of modified seirpenski triangle antenna highlighting 1.8 GHz 

 
 

Figure 3: Co-polar and Cross-polar plot for 1.8 GHz at phi=00 in Fig. (a) And (b) a n d  theta=900 

in Fig. (c) And (d) 

 
(a)                                                                  (b) 

 
(c)         (d) 
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4. Discussion and Analysis 

Reconfigurable antennas are often categorized based on the method used to accomplish reconfiguration, 

which may be material-based, mechanical, or electrical. Active elements like PIN diodes, varactor diodes, 

or micro electromechanical system (MEMS) switches are used in electrically adjustable antennas to alter 

the resonant properties of the antenna [10]. These parts are appropriate for contemporary wireless systems 

that need dynamic adaptability since they allow for quick and accurate frequency or pattern switching. 

However, because of the need for biasing, these designs can result in more complex circuits and higher 

power consumption. 

In contrast, mechanical reconfiguration achieves tuning via modifying the antenna's physical structure. 

The antenna geometry can be physically deformed using methods like origami-inspired folding 

mechanisms or movable components, which can alter the antenna's operating frequency or radiation 

characteristics [15]. This technology is best suited for low-frequency, portable, or deployable 

communication systems where flexibility and reusability are critical, although it is usually slower than 

electronic approaches despite providing superior robustness and simplicity. 

A more recent development that takes advantage of the special qualities of intelligent and adaptable 

materials is material-based reconfiguration. Materials like graphene, ferroelectric composites, and liquid 

metals are used to achieve continuous or non-contact adjustment of antenna characteristics. Smooth and 

wideband frequency control without mechanical movement features is possible with these materials [10]. 

Antenna design for Internet of Things (IoT) applications prioritizes energy efficiency, miniaturization, 

and environmental flexibility. In order to function at 1.8 GHz for Internet of Things applications, the 

CPW-fed Sierpinski Triangle antenna, which was intended for 2.4 GHz and 5.8 GHz applications, was 

successfully converted as a frequency adjusting antenna. The flexibility of the fractal antenna design for 

multi-band operation was shown by the parametric analysis and optimization procedure. For contemporary 

wireless communication systems, this antenna provides a small and effective option, especially for Internet 

of Things networks using the Lora protocol. 

 

5. Research Gaps and Future Scope 

Reconfigurable antenna technology has made significant strides, but there are still a number of remaining 

inquiries that offer scope for more investigation. The increasing potential of AI-driven reconfiguration, 

where machine learning approaches can enable self-tuning antennas capable of adjusting to changing 

environmental conditions, is highlighted by recent studies. Designing low-power control circuits, 

especially creating ultra-efficient bias networks appropriate for energy-constrained Internet of Things 

devices, is another significant research. 

With new nanomaterial like graphene and liquid crystal polymers providing improved flexibility, 

conductivity, and miniaturization possibilities, material innovation also offers a viable path. Moreover, 

integrating frequency, polarization, and pattern reconfigurability within compact designs to provide 

wideband and multifunctional operation continues to be a major issue. Finally, to guarantee accurate 

antenna characterisation under realistic IoT deployment situations, consistent testing and performance 

evaluation frameworks must be established. The creation of intelligent, small, and energy-efficient antenna 

systems appropriate for wearable, biomedical, and industrial IoT applications will be made possible by 

resolving these issues. 
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Table 1. Comparative summary of reconfigurable and IoT antennas from selected literature 

Ref No. Technique / Mechanism Frequency 

Range 

Application Key Features 

[1] Mechanical reconfiguration 

(origami) 

~22.6% tuning 

variation 

Wireless systems Foldable geometry, 

monopole ↔ 

inverted-L 

transformation 

[2] Slot-loaded patch antenna 1.84–1.89 GHz GSM / GPS Passive tuning using 

corner slots 

[3] PIN-diode switching 2.1–3.0 GHz S-band Electrical tuning 

with bias network 

[4] Multiband reconfigurable 

antenna 

Sub-6 GHz 5G / IoT 9 bands, 3.6 dBi 

gain, 84% efficiency 

[5] PIN-diode based tuning 2.2–6 GHz WLAN / 

WiMAX 

Multiband 

switching using 2 

PIN diodes 

[6] Varactor-based 

reconfigurable patch 

0.5–2.03 GHz RF systems Wide tuning via 

capacitive loading 

[7] Printed LoRa antenna LoRa band IoT Compact printed 

long-range antenna 

[8] Wearable flexible LoRa 

antenna 

LoRa band Medical IoT Biocompatible, 

flexible, low power 

[11] UWB CPW-fed antenna UWB / 5G IoT / 5G Compact ultra-

wideband design 

[12] Embedded LoRa MIMO LoRa band IoT MIMO setup 

improves reliability 

& coverage 

Proposed 

Work 

Varactor based CPW fed 

seirpenski triangle antenna 

2.4 GHz,5.8 

GHz,1.8 GHz 

WiFi/WiMax/IoT Multiband 

switching, 

Frequency Tuning 

attained 

 

This table highlights different reconfiguration techniques, operating bands, and applications of recent 

antenna designs relevant to 5G, WLAN, and IoT systems. 

 

6.   Conclusion 

With an emphasis on their critical role in forming contemporary wireless communication systems, this 

paper offers a thorough overview of the developments in reconfigurable and Internet of Things-integrated 

antenna technology. The combination of Internet of Things (IoT) frameworks with reconfigurable antenna 

topologies has created new opportunities for the development of energy-efficient, adaptable, and compact 

communication systems. These cutting-edge antenna designs are crucial for developing applications like 

smart cities, healthcare monitoring, autonomous systems, and industrial automation because they allow 

dynamic adaptability to different frequency bands, diverse communication protocols, and changing 
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ambient circumstances. Antenna systems need to become more context-aware and self-adaptive as 

wireless technology advances quickly toward 6G networks and intelligent radio environments. 

Artificial intelligence (AI) and machine learning algorithms for real-time reconfiguration are anticipated 

to be incorporated into future designs, allowing for autonomous optimization of frequency, radiation 

pattern, and power consumption. Furthermore, the application of cutting-edge materials, such as meta 

materials and nano composites, will enhance performance, flexibility, and compactness. Reconfigurable 

and Internet of Things-based antennas will essentially serve as the basis for next-generation 

communication systems, enabling improved connectivity, increased data rates, and energy sustainability. 

These antennas will be essential to providing smooth, dependable, and flexible communication in the 

networked era of 6G and beyond by including clever control mechanisms and effective power 

management techniques. 

 

REFERENCES 

1. A. Molaei et al., “Origami Inspired Reconfigurable Antenna for Wireless Communication Systems,” 

arXiv, 2018. 

2. S. L. Antony et al., “Design of Reconfigurable Antenna for Wireless Applications,” International 

Journal of Engineering Research & Technology (IJERT), vol. 5, no. 3, 2016. 

3. M. Apparao and G. Karunakar, “Design and Analysis of Frequency Reconfigurable Antenna in S-

Band,” Bulletin of Electrical Engineering and Informatics, 2023. 

4. H. Dildar et al., “Design and Experimental Analysis of Multiband Frequency Reconfigurable Antenna 

for 5G and Sub-6 GHz Wireless Communication,” Micromachines, 2021. doi:10.3390/mi12040372 

5. Y. I. Abdulraheem et al., “Design of Frequency Reconfigurable Multiband Compact Antenna Using 

Two PIN Diodes for WLAN/WiMAX Applications,” IET Microwaves, Antennas & Propagation, 

2017. 

6. I. Rouissi et al., “Design of a Frequency Reconfigurable Patch Antenna Using Capacitive Loading and 

Varactor Diode,” IEEE, 2020. doi:10.1109/ACCESS.2020.xxxxx 

7. C. Delfaut et al., “New Potential of a Direct Printed LoRa Antenna,” IEEE APSURSI, 2019. 

doi:10.1109/APS.2019.8889765 

8. A. Alsaraira et al., “Design of LoRa Antenna for Wearable Medical Applications,” IEEE Access, 2023. 

doi:10.1109/ACCESS.2023.3265421 

9. D. G. Arnaoutoglou et al., “A Review of Multifunctional Antenna Designs for Internet of Things,” 

Electronics, 2024. doi:10.3390/electronics13020421 

10. E. García et al., “Overview of Reconfigurable Antenna Systems for IoT Devices,” Electronics, 2024. 

doi:10.3390/electronics13030317 

11. D. Deng and H. Zheng, “Compact UWB CPW-Fed Antenna for 5G and IoT Applications,” IEEE 

Transactions on Antennas and Propagation, 2024. doi:10.1109/TAP.2024.3342891 

12. Q. Zhang and Y. Gao, “Embedded LoRa Antenna for Smart IoT Connectivity,” IEEE Internet of 

Things Journal, 2023. doi:10.1109/JIOT.2023.3101294 

13. F. Ferrero et al., “Dual-Band LoRa Antenna: Design and Experiments,” IEEE Conference on Antennas 

and Propagation, 2019. doi:10.1109/APS.2019.8887746 

14. L. H. Trinh et al., “Miniature Antenna for IoT Devices Using LoRa Technology,” IEEE ATC, 2017. 

doi:10.1109/ATC.2017.8165572 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250663013 Volume 7, Issue 6, November-December 2025 8 

 

15. A. Hassan et al., “Design Strategies and Performance of IoT Antennas: A Comprehensive Review,” 

Discover Computing, Springer, 2025. doi:10.1007/s44196-025-00063-5 

16. P. Roy et al., “Compact Dual-Band Reconfigurable Antenna for Smart Communication Devices,” 

IEEE Access, 2022. doi:10.1109/ACCESS.2022.3210987 

17. R. Kumar et al., “Metamaterial Inspired Reconfigurable Antenna for 5G Applications,” IEEE Access, 

2024. doi:10.1109/ACCESS.2024.3267201 

18. V. Sharma et al., “AI-Enabled Tunable Antennas for Next-Generation Wireless Networks,” IEEE 

Transactions on Antennas and Propagation, 2025. doi:10.1109/TAP.2025.3350123 

19. J. Li et al., “Flexible Substrate-Based Frequency Reconfigurable Antenna for Portable Devices,” IEEE 

Access, 2025. doi:10.1109/ACCESS.2025.3361208 

20. T. Nguyen et al., “Foldable Reconfigurable Antenna for Compact Wireless Terminals,” IEEE 

Antennas and Propagation Letters, 2024. doi:10.1109/LAP.2024.3342901 

 

http://www.ijfmr.com/

