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ABSTRACT 

The need for compact, interoperable, and reasonably priced reconfigurable antennas and antenna arrays 

is being driven by the industry's rapid advancements in wireless communication. In many military and 

commercial applications, having a single antenna that can be dynamically changed to broadcast and/or 

receive on several frequency bands is important. This makes reconfigurable multiband antennas appealing. 

Space-based radar, unmanned aerial vehicles, communication satellites, electronic intelligence aircraft, 

and several more communications and sensing applications are among the many uses for these types of 

antennas. Researchers are paying particular attention to reconfigurable antennas with multimode and 

cognitive radio operation in contemporary high-data-rate wireless applications because of the rapid 

advancement of wireless communication technology. In terms of polarization, beam pattern, and operating 

frequency, reconfigurable antennas can serve a variety of purposes. Dynamic tuning can be accomplished 

by regulating electrical, mechanical, physical, or optical switches to manipulate a specific switching 

mechanism. In this study, we examine various approaches to reconfigurable antenna implementation. A 

variety of successful implementation strategies have been researched for use in numerous wireless 

communication systems, including cognitive radio communications, mobile terminals, satellites, and 

multiple-input multiple-output (MIMO) systems. Investigated are the reconfigurable antennas' basic 

characteristics and attributes. There are various kinds of antenna reconfiguration methods. They are 

primarily electrical (using varactors, PIN diodes, or RF-MEMS, for example), optical, physical (mostly 

mechanical), and material-based. 

 

Keywords: active elements; cognitive radio; implementation techniques; reconfigurable antennas; MIMO; 

modern wireless communications 

INTRODUCTION 

An antenna that can dynamically change its frequency and radiation characteristics in a controlled 

and reversible way is called reconfigurable.[/2] Recognizable antennas incorporate an internal 

mechanism (such as varactors, RF switches, mechanical actuators, or tunable materials) that allows 

the deliberate redistribution of the RF currents over the antenna surface and produces reversible 

modifications of its properties in order to provide a dynamic response. Reconfigurable antennas, 
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as opposed to smart antennas, have an internal reconfiguration process as opposed to an external 

beam-forming network. Reconfigurable antennas can be reconfigured to meet changing operating 

needs or to optimize antenna performance under varying conditions. Over the past few decades, 

communication technology have improved significantly to enable the public to access advanced 

on-demand services. The demand for numerous wireless services utilizing a single portable device 

has expanded dramatically due to the growth of the internet-of-things (IoT) and the resulting 

increase in the number of devices to be connected. New 5G radio access networks are anticipated 

to handle many connections at once over a broad frequency range. The Federal Communications 

Commission (FCC) split the major spectrum into three categories to allow for 5G services: low 

bandwidth (600, 800, and 900 MHz bands), medium band (2.4, 3.5, and 3.7–4.2 GHz), and high 

frequency (28, 38, and 60 GHz) millimeter Wave band [1,2]. 

The mm Wave transmission makes use of the vast amount of bandwidth that is available in the m

m Wave spectrum to provide multi-Gbps data rates.  

Although using the 5G mm Wave spectrum to produce ultrahigh data rates is obviously desirable

 [3], before mm Wave mobile communication can be widely deployed, a few important issues m

ust be resolved. As mm Waves are inclined to barometrical constriction and can't proliferate longer 

distances, the sub-6 GHz waves is a substitute decision for long reach and extensively high 

information rate correspondence frameworks. The normalization of mm Wave innovation will set 

aside some margin for 5G organizations and under 6 GHz range is being unloaded by the range 

administrative bodies. Since 5G correspondence under 6 GHz can send high information rates over 

significant distances, it is reasonable for use in both metropolitan and provincial regions. For thick 

client conditions where high obstruction in a particular recurrence band can be expected, the 

exchanging capacity between various recurrence groups is of key significance. Traditional 

receiving wires neglect to meet such necessity and high level plans are required to address such 

usefulness requests. Reconfigurable plan for the receiving wire has as of late viewed as by a ton 

of scientists, with the concentration to empower it to change its qualities as per the prerequisite. 

Reconfigurable receiving wires are utilized for different remote applications that capability in an 

extensive variety of recurrence. As reconfigurable receiving wires can change their way of 

behaving as indicated by the necessities, their capacity to deal with the very activity as that of a 

few receiving wires without expanding the general size settle on them a superb decision for 

handheld gadgets [4]. There are three fundamental sorts of reconfigurable radio wires relying upon 

the autonomous boundary from the arrangement of essential qualities, for example, resounding 

recurrence, condition of polarization and radiation design. The tunable recurrence component of a 

reconfigurable radio wire as per the client prerequisites has a few applications in multi-radio 

remote and satellite correspondence applications [5]. Design reconfigurable radio wires direct their 

radiation design towards an ideal course and are a key idea for bar guiding later on portable 

organizations. Design reconfigurable radio wires with pillar reconfigurability can likewise be 

utilized in various info different result (MIMO) administrations [6]. Polarization reconfigurable 

receiving wires diminish multipath blurring, further develop correspondence signal gathering and 



International Journal of Advances in Engineering Research                                 http://www.ijaer.com  

 

(IJAER) 2014, Vol. No. 7, Issue No. I, January                             e-ISSN: 2231-5152, p-ISSN: 2454-1796  

 

49 

 

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH 

decrease co-channel obstruction [7]. Fast development in the space of present-day remote 

correspondence frameworks has prompted interest in multi-mode reconfigurable receiving wires 

to be utilized in different remote administrations [1, 2]. Reconfigurability of a radio wire alludes 

to the ability to change a radiator's qualities as far as full recurrence, radiation example, or 

polarization [3,4,5]. A recurrence reconfigurable receiving wire is seemingly the most down-to-

earth choice for changing its activity to the ideal recurrence, rather than using various receiving 

wires working at various frequencies for signal transmission or gathering [6, 7, 8]. 

Notwithstanding further developed execution, multi-recurrence activity in a solitary radio wire 

diminishes space and cost. Design reconfigurable receiving wires are alluring in applications, for 

example, reconnaissance and following, since they produce more than one radiation design with 

various directivity at a similar working frequency [9]. What's more, control of examples is valuable 

in staying away from commotion sources, moderating electronic sticking, further developing 

security, and expanding energy productivity. The polarization reconfigurable radio wires can 

switch the polarization qualities of the radiators between different straight polarizations, right-

hand roundabout polarization (RHCP), left-hand round polarization (LHCP), and quite a few 

curved polarizations [3]. 

 

Because of these alluring highlights, reconfigurable receiving wires definitely stand out enough to 

be noticed, and various works have been exhibited in previous years [5]. Moreover, a few survey 

and overview papers have been distributed as of late [6]. In any case, these surveys have just 

centered around electrical reconfiguration with dynamic components like positive-natural negative 

(PIN) diodes. In [8], different sorts of reconfigurable receiving wires, including radiation design 

reconfigurable receiving wire, polarization reconfigurable receiving wire, and a mix of radiation 

and recurrence reconfigurable receiving wire, are examined. Also, more subtleties of various sorts 

of reconfigurable receiving wires are portrayed in [9]. Dissimilar to the announced surveys, we 

research here various kinds of compelling execution strategies, including electronic exchanging as 

well as other conceivable exchanging methods of reconfigurable receiving wires. To show the 

reconfigurable receiving wires, different powerful execution strategies have been proposed to be 

utilized in various remote frameworks like satellite, numerous information numerous result 

(MIMO), and mental proportion correspondences, which are delegated below: 

• Electrical reconfiguration; 

• Optical reconfiguration; 

• Actual reconfiguration; 

• Reconfigurable radio wires with savvy materials. 
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TYPES OF ANTENNA RECONFIGURATION 

Reconfigurable antennas can be categorized based on the dynamically modified antenna 

parameter, which is usually the radiation pattern, polarization, or operating frequency.[/3] 

Reconfiguring frequencies 

The frequency of operation of frequency reconfigurable antennas can be dynamically changed. 

They are especially helpful when various communications systems converge since a single 

reconfigurable antenna can take the place of several necessary antennas. RF-switches, impedance 

loading, tunable materials, or other physical or electrical alterations to the antenna dimensions are 

commonly used to achieve frequency reconfiguration.(6) 

Rearrangement of the radiation pattern 

The deliberate alteration of the radiation pattern's spherical distribution is the foundation of 

radiation pattern reconfigurability. The most extensive use is beam steering, which involves 

directing the direction of greatest radiation to increase antenna gain when connecting to mobile 

devices. Typically, switchable and reactively-loaded parasitic elements or movable/rotatable 

structures are used in the construction of pattern reconfigurable antennas [7, 8].In [9] 

Reconfigurable antennas based on metamaterials have garnered interest in the past ten years 

because of its wireless applications, compact form factor, and broad beam steering range. As an 

alternative with tunable directivities, plasma antennas have also been studied.  

Reorganizing polarization 

Antennas with reconfigurable polarization can flip between various polarization modes. Reduced 

polarization mismatch losses in portable devices can be achieved by utilizing the capacity to flip 

between horizontal, vertical, and circular polarizations. A multimode structure's polarization 

reconfigurability can be achieved by adjusting the multimode structure's mode balance.(7) 

Complex reorganization 

The capacity to simultaneously adjust many antenna parameters, such as radiation pattern and 

frequency, is known as compound reconfiguration. The most popular use of compound 

reconfiguration is when beam-scanning and frequency agility are combined to increase spectral 

efficiency. Compound reconfigurability can be attained by dynamically redesigning a pixel surface 

or by combining several single-parameter reconfiguration techniques inside the same 

structure.[10] 
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Techniques for reconfiguration 

There are various kinds of antenna reconfiguration methods. The majority of them are electrical[4] 

(using varactors, PIN diodes, or RF-MEMS, for example), optical, physical (mostly 

mechanical),[7][8], and material-based. Materials for reconfiguration procedures may include 

liquid crystals, solids, liquids (dielectric liquid[12], liquid metal, or liquid crystal). 

Electrical Reconfiguration 

With this kind of reconfiguration technique, electronic switching elements like MEMS, varactors, 

and PIN diodes are used to modify the antenna's properties. These switches allow the antenna 

structure to be rearranged, changing the antenna's basic properties such as frequency, radiation 

pattern, and polarization as well as the surface current distribution. Such a reconfigurable antenna 

with switching elements is simple to create and has drawn a lot of interest from researchers [3]. 

Next, various techniques using PIN diodes, varactors, or MEMS switches are explained, along 

with some examples of electrically reconfigurable antennas to acquire the relevant 

reconfigurability function with their own advantages and limitations. An optically reconfigurable 

antenna is a type of radiating element that may have its radiation parameters changed by means of 

switches. These switches can be silicon switches of reactive components or they can be optically 

activated. In the case of optically controlled devices, the metal wires that could affect the radiation 

characteristics of the antenna can be removed. An optically controlled reconfigurable antenna can 

be used to alleviate the major problems with DC controlled microstrip antennas, which include 

interference among the desired radiation pattern and the need for extra metallic microstrip or wired 

biasing lines. Switches with optical control can also be used to raise an antenna's resonance 

frequency.[11] It is more ideal than electrical switches, as optical control enjoys more of an upper 

hand over electrical control. Indeed, even at high microwave frequencies, the optical sign separates 

the controlling optical sign from the controlled microwave signal. Optically controlled gadgets 

have an exchange rate of 0.1–1 MHz. The reconfiguration of the recurrence reaction from single-

band to double-band can be accomplished by the utilization of photoconductive switches. 

Recurrence dexterity of the receiving wire can be carried out by utilizing the optical properties of 

P3HT (3-hexylthiophene), which is a natural semiconductor polymer that shows semiconductor 

properties in view of natural parts. Because of certain benefits like simple creation, mechanical 

adaptability, and tunable optical properties having great ghastly cross-over with optical frequency 

illumination and high charge-transporter portability, as well as low bandholes, natural 

semiconductor polymers are more popular in numerous applications. Strength and dissolvability 

are two significant highlights of a natural semiconductor polymer, which means it is stable in its 

surrounding conditions and solvents in the same manner as natural solvents.[10] The bandgap of 

P3HT is tiny, roughly 1.9 eV, and the assimilation top in the noticeable range goes from 450 to 

600 nm. P3HT can be utilized as a fix material if there should be an occurrence of a receiving wire 

that can be optically controlled. At the point when the light source enlightens the natural polymer, 

an electron-opening plasma district is prompted, as in a semiconductor material, the photon energy 
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is more noteworthy than the bandgap energy. This results in an adjustment of the resonating 

properties of the radio wire. At the point when laser light is incident on a semiconductor material, 

for example, silicon or gallium arsenide, an optical switch is shaped and brings about the excitation 

of electrons from the valence to the conduction band, making a conduction channel. Optically 

reconfigurable radio wire is a kind of radio wire where we can accomplish receiving wire 

reconfiguration by incorporating a switch into it. Without any biasing lines, optical switches repay 

the lossy way of behaving and utilize laser light for their actuation. The fundamental occupation 

is connected with the switches that can be enacted on the radio wire structure. 

CLASSIFICATION OF RECONFIGURABLE ANTENNAS 

In view of the functional properties that have been powerfully changed, for example, recurrence 

of activity, radiation, polarization, or a blend of any of these properties, reconfigurable receiving 

wires can be delegated as follows: 

❖ Recurrence Reconfigurable Radio wires: These receiving wires can be created by two 

instruments: electrical or mechanical. The electrical instrument utilizes discrete tuning and 

constant tuning techniques. Discrete tuning can be accomplished by radio recurrence (RF) 

switches, and persistent tuning can be accomplished by varactor diodes. The mechanical 

component utilizes the impedance stacking of tunable materials like fluid gems and 

metasurfaces to accomplish the recurrence reconfiguration. 

❖ Design Reconfigurable Receiving wires: These receiving wires utilize versatile or rotatable 

construction, like metasurfaces, or incorporate switchable, responsively stacked capacitive 

components for the deliberate alteration of the circular dissemination of radiation patterns. [9] 

❖ Polarization Reconfigurable Receiving wires: These radio wires use exchanging between 

various polarizations, for example, from straight polarization to left-hand roundabout 

polarization (LHCP) and right-hand roundabout polarization (RHCP), utilizing multi-mode 

structure or metasurface. To lessen the polarization jumble and misfortunes in versatile 

gadgets, exchanging between flat, vertical, and round polarizations is required. 

❖ Compound Reconfigurable Receiving Wires: These radio wires utilize synchronous tuning of 

a few radio wire boundaries, for example, recurrence and radiation design, for free 

reconfiguration of working recurrence, radiation example, and polarization, through a parasitic 

pixel layer. 

 

RECONFIGURATION TECHNIQUES 

In light of the prerequisites on the reconfiguration property of the radio wire, there are four 

significant sorts of reconfiguration strategies: electrical, optical, mechanical, and material [3]-

[4].The reconfiguration procedures are introduced in Figure 1. 
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Figure 1.  Antenna reconfiguration techniques 

Electrical reconfiguration strategies depend on the utilization of changes to associate or detach 

radio wire parts and rearrange the flows by adjusting the transmitted fields of the radio wire's 

viable gap [5]-[6]. Radio-recurrence microelectromechanical frameworks (RF-MEMS), PIN 

diodes, varactor diodes, or field impact semiconductors (FETs) are coordinated into the receiving 

wire to divert their source flows. RF-MEMS switches put together radio wires depend with respect 

to the mechanical development of the changes to accomplish reconfiguration. Numerous receiving 

wire plans have turned to RF-MEMS to reconfigure their presentation [7]. The exchanging velocity 

of RF-MEMS switches is in the range of 1-200 µsec, which is low for certain applications [5]. PIN 

diodes and varactor diodes have quicker exchanging speeds when contrasted with RF-MEMS 

switches and are in the range of 1-100 nsec [5]. Reconfigurable radio wires involving PIN diodes 

have more unique reconfiguration capacity when contrasted with RF-MEMS reconfigurable radio 

wires [6]. Reconfigurable radio wires utilizing varactor diodes have tuning capacity in light of 

coordinating a variable capacitor into the receiving wire structure. The capacitance of the varactor 

can be shifted by fluctuating the biasing voltage. Optical reconfiguration procedures depend on 

photoconductively exchanging components. The optical switches integrated into a receiving wire 

structure become conductive whenever they are exposed to a laser shaft. The incorporated laser 

diodes create the laser beam.[7] Precisely reconfigurable radio wires can be accomplished by 

adjusting the construction of the source radio wire using actuators. At last, reconfigurable radio 

wires can be carried out utilizing brilliant materials, for example, metamaterials, ferrites, fluid 

precious stones, dielectric liquids, and so on. The comparing reconfigurability for every one of the 

four reconfiguration procedures can be gotten either by an adjustment of the radio wire surface 

current dissemination, an adjustment of the radio wire actual design, an adjustment of the taking 

care of organization, or an adjustment of the receiving wire transmitting edges. The adjustment of 

one boundary in the receiving wire attributes might influence different boundaries. Accordingly, 

RF radio wire originators ought to be cautious during the plan stage to break down every one of 

the qualities at the same time to accomplish the expected reconfiguration properties.[6] 
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CONCLUSIONS 

Using methods like MUSIC (Multiple Signal Classification), ESPRIT (Estimation of Signal 

Parameters via Rotational Invariance Techniques) algorithms, the Matrix Pencil method, or one of 

their modifications, the smart antenna system determines the direction of arrival of the signal. This 

work presents a thorough analysis and comprehensive assessment of several reconfigurable 

antenna implementation strategies and techniques. The reconfigurable structures that are loaded 

with smart materials, electrical, optical, mechanical, and other reconfiguration approaches are 

categorized. Reconfigurable antennas are discussed and their properties are detailed, with several 

examples and implementation applications provided. By utilizing electrical, optical, mechanical, 

and smart material based tunable structures, reconfigurable antennas were primarily divided into 

four categories: frequency reconfigurable, radiation pattern reconfigurable, polarization 

reconfigurable, and compound reconfigurable. A thorough analysis of the various methods for 

implementing reconfigurable antennas was provided. Reconfigurable antennas will be able to self-

adapt in order to create a communication link that is both well-defined and energy-efficient, with 

characteristics that are constantly changing and extremely dynamic. Future reconfigurable 

antennas ought to be multipurpose and capable of detecting and responding to a variety of changes 

in their radio frequency environment through software control and machine learning. Future 

reconfigurable antenna applications ought to be developed in accordance with a fresh set of 

wireless technologies and communication protocols. 
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