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ABSTRACT 

A special design of beam-switching antenna method. The active cylindrical slot FSS (ACSFSS) to 

understand convoluted control of the beam. The radiation source is an omnidirectional monopole which is surrounded 

by the ACSFSS. A fresh design of beam-switching antenna system is planned, which benefits the active cylindrical 

slot FSS to recognize high-range organize of the beam. To fit the beam of the antenna the diodes are position OFF 

and ON. The calculated reflection coefficients of the antenna in both methods were adequate at 2.45 GHz WLAN 

band. 
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1. INTRODUCTION 

In modern years, the majority wireless local area networks (WLAN) use the similar frequency band in the 

narrow choice lying between 2.4–2.5 GHz. Subsequently, although linking a lot of systems together is able to easily 

consequence in better communication with compatibility, it also leads to serious problems of interfering. In WLAN 

system, interfering results in not only grave issues such as lesser ability, but also a prominent decrease in connection 

speeds and from time to time lack of connectivity owing to the inaccessibility of free entry channels. 

Meanwhile a solution to the above difficulty, beam-switching in WLAN systems be able to bring an 

important decrease in the rate of invasive signals and development of capacity, by direction-finding the antenna 

beams not presents of co-channel access points. There is a diversity of methods for designing beam-switching 

antennas, such as conservative phased antenna array but they are either complex or high cost. Novel, active frequency 

selective surfaces (AFSS) comprise drawn important interest from researchers investigating beam-steering technique 

for antenna applications. Frequency selective surfaces (FSS) are episodic designs which function as a filter to 

electromagnetic influence. They are able to be also transmitting or shiny in operational frequency bands, strong-

minded by the design of element cells. By operating dynamic devices similar to PIN with varactor diodes, AFSS be 

able to achieve high range of control over electromagnetic wave broadcast, such as switching the FSS between 

transmitting and reflecting methods. Omnidirectional antennas be positioned at the center of the ACPFSS, and the 

360 azimuth plane is separated into several sectors.  

By switching the diodes states, sectors of the ACPFSS cylinder be able to be widespread either see-through 

or opaque in the operating frequency band, so as to the antenna beam be capable to be steered in necessary patterns 

and instructions. Conferring to the reported results, the designs contain efficiently accomplished Omni-directional-

to-directional switching and also beam-sweeping, with satisfactory gains. Since the simple unit cell of the FSS in 

these designs hired irregular conducting patches connected by pin diodes, the FSS could not afford a completely 

transparent range for the incident waves at the favored frequency when diodes are activated. Through scheming a 

hybrid patch unit cell (HPUC), the transparency range was improved in and it obtainable a band-pass characteristic 

at the desired frequency when diodes were ON. However, when the diodes were OFF, the FSS accessible a 

transmission ranges of only 7 dB .While the diodes are make active, the AFSS performs as a reflector to reproduce 

signals by a remarkable improved range. Though band-pass AFSS has been measured for beam-steering applications, 

it has not been before reported as part of the ACFSS. 

In this paper, a fresh design of beam-switching antenna system is planned, which benefits the active 

cylindrical slot FSS (ACSFSS) to recognize high-range organize of the beam. The cylindrical FSS is calm of twelve 

columns each with eight unit cells containing horizontal slots. A double-sided biasing method is accepted here, which 

efficiently supplies divide DC-biasing for the diodes in the columns of the ACSFSS. The cylinder surface can be 

separated into two areas of biased adjacent columns, where the diodes in one surface are ON, while the other surface 

is OFF.   

The area with ON-state diodes functions as a reflector in tune frequency band; however the other plane with 

OFF-state diodes operates as a band-pass FSS at the booming frequency. As a concern, the omnidirectional radiation 

pattern of the monopole can be converted into a directional one.  

The rest of this paper conferred about the various mechanisms, principle and antenna design is presented, 

including the antenna diagram and dimensions. 

Existing System: In this paper, we submitted to manage the coverage (single beam or multi-beam) of a base station 

for mobile communications with a reconfigurable EBG material. The use of structures for this application must solve 

different problems. For this application, the EBG structure must have the same EM behavior for the different 
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frequency bands: GSM, DCS and UMTS. With the aim of control the EBG material and to manufacture the structure, 

we elect a lattice of metallic wires that has a wide EBG starting from 0 GHz to a frequency dependent on the 

geometrical parameters of the lattice. 

To achieve the radiation of the antenna, pick to control the behavior of the EBG material between two 

corresponding states like a lattice of long metallic wires without transmission in the frequency range 0 to 20 GHz 

and a lattice of discontinuous metallic wires with transmission in the same band. 

As soon as the diodes are on: the discontinuous metallic wires are equal to long wires thanks to the low 

impedance and capacitance of the diodes, and the lattice is like a reflector in the frequency range 0-15 GHz. When 

the diodes are off: the wires stay discontinuous because the diodes have great impedance. 

The bandwidth of the manageable EBG material is depending on the geometrical parameters of the lattice 

and the length of the discontinuous part of the wires that must be minor toward wavelength. The optimal of PIN 

diode was made in order to attain a very low impedance and capacitance when the diodes are on. 

The Beam Steering: The square lattice of the governable EBG material is transform to a cylindrical one in the center 

of it we have located an Omni-directional probe. The control of the coverage is made through the bias of the diodes.  

When the diodes are on: the angular regions are like reflectors, for the other sectors where the diodes are off; the 

EBG material is transparent, it can select the azimuth angle, the beam width and manage single or multi-beam 

coverage. 

 
Figure.1. Radiation in different diodes in on condition 

The identical of this structure: cylindrical EBG material attendant to an Omni-directional probe in the center 

is difficult because the reflector behavior of the EBG structure, when the diodes are on, reflects the radiation of the 

probe. So the radiations go back through the probe and divergence the input impedance of the antenna.  

Different deliveries of the cylindrical lattice are possible like: An azimuthally distribution with a constant 

angle that permits to design a simple control system of the beam steering because a constant number of wire on every 

cylindrical layer; A distribution with a constant azimuth step where the beam control system is more complex because 

each must be precise independently but allows matching the antenna more simply. The distribution of the cylindrical 

lattice has been improved taking into account that the number of cylindrical layers is stable by the beam shape, the 

level of back radiation and the input impedance of the antenna. 

2. PROPOSED WORK 

Antenna Layout Procedure: The schematic of the antenna is presented in Fig.2. For clearness, half of the cylindrical 

FSS in the perception view has been made transparent. The radiating source is composed of a monopole antenna in 

the center with a round metallic plate as ground. As a standard monopole, the antenna radiates an Omni directional 

pattern in the azimuth plane and the directional pattern in the elevation planes. The ACSFSS, which has the similar 

radius as the ground plate, enfolds the monopole. The ACSFSS has twelve columns each subtending an angle of 30 

at the circle center. 

Every vertical column contains eight unit cells with horizontal slots. Subsequently, eight pin diodes are 

essential per column. For easiness, the diodes and biasing circuits are not shown in Fig. 2. The operation mechanism 

of the ACSFSS antenna is as follows. The 12 columns are separated into 2 sectors, of which all the diodes in one 

sector are set OFF while those in the further sector are set ON. The sector with diodes OFF agrees transmission from 

the antenna, while the sector with diodes ON acts as a metallic reflector. 

By switching the diodes in each column, not only the function of beam-sweeping in the whole 360 of the 

azimuth plane be attained, but the beam width and signal coverage can be attuned. It is sensible pointing out that the 

transmission and reflection coefficients of the unit cell design are obtained on the basis of Floquet's theory for an 

infinite planar periodic structure, so that the curved cylindrical FSS may change the electromagnetic response. 

 
Figure.2. ACSFSS antenna schematic: (a) side view, (b) top view of the monopole, and (c) perspective view 
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The factors affecting the performance include the structure of the unit cell, the radius of the curvature and 

the incident angle of the electromagnetic wave. However, due to the symmetry of the proposed ACSFSS-antenna 

system, a small divergence of the electromagnetic performance between the infinite planar FSS and cylindrical FSS 

can be expected as long as their tangential dimensions are the same.  

Table.1. Antenna Design Parameters 

Design Antenna Substrate 

Parameters lant rant hgnd Rgnd 

Value 29.1mm 1mm 15mm 108.86mm 

HFSS: HFSS is a high-performance full-wave electromagnetic (EM) field simulator for subjective 3D volumetric 

passive device modeling that takes advantage of the familiar Microsoft Windows graphical user interface. It 

integrates simulation, visualization, solid modeling, and automation in an easy-to-learn environment where solutions 

to your 3D EM problems are quickly and accurately obtained. 

An soft HFSS employs the Finite Element Method (FEM), adaptive meshing, and brilliant graphics to give 

you unparalleled performance and vision to all of your 3D EM problems. An soft HFSS can be used to calculate 

parameters such as S Parameters, Resonant Frequency, and Fields. 

From there HFSS will automatically produce an appropriate, efficient and exact mesh for solving the problem 

using the selected solution technology. With HFSS the physics defines the mesh; the mesh does not define the 

physics. ANSYS HFSS software holds the technology, solvers and capabilities needed to model RF and microwave 

as well as signal- and power-integrity issues. 

Table.2. Slot Activation Output 

SLOT Activation  RETURN Loss(dB)  PEAK Gain  Radiated Power (W)  Radiated Efficiency  

1,2,3,4  -12.8  9.35  9.32  0.037  

5,6,7,8  -13.2  7.47  7.23  0.028  

9,10,11,12  -13  7.37  5.76  0.002  

1,2,6  -31  3.65  5.68  0.002  

 

3. RESULTS 

HFSS provide greater results for the Antenna design and simulation. For efficient results we compare 

Particular slots with its respective outputs. In this progress we create four slots together and showing the respective 

return loss, Peak gain, Radiated power and its Radiated efficiency. By seeing through the slot outputs it can shows 

that when creating four slots, it gives more peak gain but comparing for three slots it give low gain and efficiency. 

Moreover creating consecutive slots provide more efficiency. Further design and slot activation studied in future. 

4. CONCLUSION 

In this paper, a cylindrical active FSS antenna by slot element cells is suggested for beam-switching 

application. The cylindrical FSS hires a two-sided biasing technique to supply voltage to pin diodes, which be 

functioned to switch the sectors of the FSS between transparent and opaque states. From side to switching the diodes 

ON and OFF, different radiation patterns are able to be obtained. An illustration based on un-slotted reflectors can 

be used capably to optimize the radius of the cylinder to acquire the radiation characteristics of the ACSFSS antenna. 

Simulations and measurement of the prototype validates that two main methods of radiation pattern can be realized: 

the narrow-beam, and the wide-beam. The dignified reflection coefficients of the antenna in together methods were 

reasonable at 2.45 GHz WLAN band. The measured H-plane gain was 8.7 dB at the middle frequency in the most 

usually used narrow-beam method. In conclusion, the more-method ACSFSS antenna is able to be used agilely for 

WLAN communication systems. The projected systems reduce the complexity and the cost by comparison with 

adaptive antenna arrays or phased arrays. But it has the complexity to design the circular slot FSS in hardware so in 

feature to design the square and rectangular slot FSS because the antenna design is very easy. Further Design help 

to deduces the power losses and slot activation also very easy. This determination studied in the future. 

5. ACKNOWLEDGMENT  

Our thanks to M. Kumarasamy college of Engineering for offering us the opportunity to do this wonderful 

project, and to Dr. V. Kavitha, Principal and HOD Prof. A. Sridevi whose contribution in stimulating suggestions 

and encouragement, helped us to coordinate our project, especially in writing this paper. 

REFERENCES 

Alexiou A and Haardt M, Smart antenna technologies for future wireless systems, Trends and challenges, IEEE 

Commun Mag, 42 (9), 2004, 90–97. 

Bin Liang, Benito Sanz-Izquierdo, Edward A, Parker and John C, Batchelor, Cylindrical Slot FSS Configuration for 

Beam-Switching Applications, IEEE transactions on antennas and broadcast, 63 (1), 2015. 



Journal of Chemical and Pharmaceutical Sciences                                                                      ISSN: 0974-2115 

JCHPS Special Issue 8: December 2016  www.jchps.com Page 132 

Boccia L, Russo I, Amendola G and Di Massa G, Tunable frequency-selective surfaces for beam-steering 

applications, Electron.Lett, 45, 2009,1213–1215. 

Boutayeb H, Brillat T, Daniel J, Gadot F, Garel P, De Lustrac A, Mahdjoubi K, Ratajczak P and Tarot A.C, A 

reconfigurable electromagnetic bandgap structure for a beam steering base station antenna, presented at the 27th 

ESA Antenna Technol. Workshop Innovative Periodic Antennas, Santiago de Compostela, Spain, 2004. 

Boutayeb H, Denidni T.A, Mahdjoubi K, Tarot A.C, Sebak A.R and Talbi L, Analysis and design of a cylindrical 

EBG-based directive antenna, IEEE Trans. Antennas Propag, 54 (1), 2006, 211–219. 

Boutayeb H, Tarot A.C and Mahdjoubi K, Focusing characteristics of a metallic cylindrical electromagnetic band 

gap structure with defects, Progr. Electromagn. Res, 66, 2006, 89–103. 

Cerri G, De Leo R, Primiani V.M, Monteverde C and Russo P, Design and prototyping of a switching beam disc 

antenna for wideband communications, IEEE Trans. Antennas Propag, 54 (12), 2006, 3721–3726. 

Chryssomallis M, Smart antennas, IEEE Antennas Propag Mag, 42, 2000, 129–136. 

Edalati A and Denidni T, Frequency selective surfaces for beamswitching applications, IEEE Trans. Antennas 

Propag, 61 (1), 2013, 195–200. 

Edalati A and Denidni T.A, High-gain reconfigurable sectoral antenna using an active cylindrical FSS structure, 

IEEE Trans. Antennas Propag, 59 (7), 2011, 2464–2472. 

Jazi M.N and Denidni T.A, Frequency selective surfaces and their applications for nimble-radiation pattern antennas, 

IEEE Trans. Antennas Propag, 58 (7), 2010, 2227–2237. 

Kiani G.I, Ford K.L, Olsson L.G, Esselle K.P and Panagamuwa C.J, Switchable frequency selective surface for 

reconfigurable electromagnetic architecture of buildings, IEEE Trans AntennasPropag, 58 (2) 2010, 581–584. 

Lai M.I, Wu T.Y, Hsieh J.C, Wang C.H and Jeng S.K, Compact switched beam antenna employing a four element 

slot antenna array for digital home applications, IEEE Trans, Antennas Propag, 56 (9), 2008, 2929–2936. 

Lalitha Nachal S, Monica B, Ramani M, Design of Frequency Selective Structures for Radio Wave Broadcast, 

International Journal of P2P Network Trends and Technology (IJPTT), 7, 2014. 

Mittra R, Chan C.H and Cwik T, Techniques for analyzing frequency selective surfaces-a review, Proc IEEE,              

76 (12), 1988, 1593–1615. 

Munk B.A, Frequency Selective Surfaces, Theory and Design. Novel York, NY, USA, Wiley, 2000. 

Niroo Jazi M and Denidni T.A, Electronically sweeping-beam antennausing a novel cylindrical frequency selective 

surface, IEEE Trans. Antennas Propag, 61 (2), 2013, 666–676. 

Sanz-Izquierdo B, Parker E.A and Batchelor J.C, Dual-band tunable screen using complementary split ring 

resonators, IEEE Trans.AntennasPropag, 58 (11), 2010, 3761–3765. 

Sanz-Izquierdo B, Parker E.A, Robertson J.B and Batchelor J.C, Tuning technique for active FSS arrays, Electron. 

Lett, 45, 2009, 1107–1109. 

Tarn I.Y and Chung S.J, A novel pattern diversity reflector antenna using reconfigurable frequency selective 

reflectors, IEEE Trans. Antennas Propag, 57 (10), 2009, 3035–3042. 


