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A Planar Eletronially Reon�gurableWi-Fi Band An-tenna based on a Parasiti Mirostrip Struture
Massimo Donelli, Renzo Azaro, Lua Fimognari, and Andrea Massa

AbstratThis letter presents the result of the synthesis of an horizontally polarized reon-�gurable mirostrip antenna. The obtained arhiteture is based on a parasitistruture omposed by a set of mirostrip elements that an be eletronially re-on�gured by means of RF swithes. As a result, the maximum values and zerosof the antenna radiation pattern an be steer towards an interfering signal or/anddesired signals allowing an optimal management of wireless resoures. Representa-tive numerial and experimental results are reported and ompared for assessing thee�etiveness and reliability of the proposed prototype.

Key words: Reon�gurable Antennas, Parasiti Antennas, Wireless Networks, Wi-Fi.2



1 IntrodutionThe impressive grow of wireless appliations in both teleommuniation and other in-dustrial areas has fored the designers to study suitable methodologies for the optimizedexploitation of the transmissive medium in order to mitigate saturation e�ets and in-terferene phenomena that inevitably our in the inreasingly rowded eletromagnetienvironment.E�ient solutions resort to the smart management of the physial layer by exploiting thespae seletivity funtions o�ered by the so-alled smart antenna systems [1℄[2℄[3℄. Theseapproahes implement a quasi-real-time reon�guration of the antenna radiation proper-ties when operating in a time varying eletromagneti senario, thus allowing an inreasedwireless network throughput and improved signal-to-interferene-plus-noise ratio (SINR)values. Moreover, thanks to the radiation pattern re-on�gurability, they guarantee ad-ditional funtionalities to wireless networks [e.g., the detetion of the diretion-of-arrival(DoA) of inoming signals [4℄ and the loalization of a node in a wireless network [5℄).Obviously, the use of smart antennas with fully-adaptive properties (i.e., phased array[6℄) is the optimal solution in dealing with the aess to the propagation medium [7℄[8℄.However, their omplexity, dimensions, and osts usually prevent an extensive use in om-merial appliations and, onerning with low ost appliations, swithed beam antennasare generally adopted. In suh a ase, the ontinuous variation of the radiation properties,allowed by a fully-adaptive smart antenna system, is approximated with a disrete set ofpossible and eletronially-seleted on�gurations of the radiation pattern [2℄.A good ompromise between fully-adaptive and swithed-beam solutions is represented byreon�gurable parasiti systems where an ative radiating element interats with an ele-tronially reon�gurable parasiti array [9℄[10℄. In suh a framework, this letter presentsthe design of an horizontally-polarized Wi-Fi band reon�gurable antenna based on a pla-nar mirostrip struture. Suh a radiator is intended for a reon�gurable wireless networkwhere DoA estimation, interferene suppression, and positioning funtions are requestedfor the optimal resoures management. 3



2 Reon�gurable Antenna DesignThe antenna arhiteture is omposed by an ative and a passive reon�gurable part,respetively. With referene to Fig. 1, the former is a Z-shaped radiator [11℄ whilethe passive parasiti struture is omposed by 18 idential and equally-spaed metalliradial setors. The parasiti elements an be eletrially onneted in order to obtaina reon�gurable planar shielding struture. In the �rst stage of the synthesis proess,the geometry of the ative part has been designed following the guidelines reported in[11℄ and for operating at f = 2.45 GHz. Suessively, the geometrial parameters of theparasiti struture (i.e., the inner diameter D1 and the outer diameter D2 of the parasitistruture, the angular width θ, and the angular spaing θ
s
of the radial setors) have beenoptimized for generating a radiation pattern similar to that of the ative element withoutthe parasiti struture and in order to allow the isotropi behavior of the orrespondingnetwork node.As far as the re-on�gurability of the system is onerned, it has been obtained by settingproper eletrial onnetions among eah radial setor and its neighbours in order toobtain a variable on�guration omposed by the ative element and a shield of variableextent. The eletrial onnetion between two adjaent setors is physially implementedby means of a ouple of PIN diodes working as eletronially-driven swithes. The radialpositions of the swithes, the minimum number of radial setors neessary for obtaininga minimum value of the front-to-bak ratio (FBR) of 5 dB, and a maximum VoltageStandingWave Ratio (V SWR) equal to 2 have been found in a third phase of the synthesisproedure and by means of an optimization proedure. More in detail and similarly tothe seond stage, the optimization has been arried out by means of a partile-swarmoptimizer (PSO) [12℄ and by minimizing a suitable ost funtion proportional to thedi�erene between the eletrial performanes of trial strutures and the requirements.After the synthesis, the dimensions of the resulting antenna were: D1 = 2.8 cm, D2 =

7.2 cm, θ = 17
o, θ

s
= 3

o, S1 = 1.4 cm (S1 being the distane of the �rst ring of swithesfrom the enter), and S2 = 2.1 cm (S2 being the distane of the seond ring of swithesfrom the enter). Moreover, the minimum number of onneted parasiti setors for4



obtaining a FBR value greater than 5 dB turned out to be equal to 3. Aording to theseresults, a prototype of the reon�gurable antenna shown in Fig. 2 has been fabriatedand experimentally-tested.3 Numerial Results and Experimental AssessmentThe antenna geometry resulting from the synthesis proess has been numerially andexperimentally tested. Conerning the experimental assessment, the antenna prototypehas been plaed in an anehoi hamber where both the radiation pattern and V SWRvalues have been measured.In Fig. 3, the H-plane normalized beam pattern of the ative element radiating in freespae is ompared with measured and simulated radiation patterns of the same element,but surrounded by the reon�gurable parasiti struture with all the elements in the o�state. As it an be observed and expeted, the radiation properties of the ative elementare not modi�ed, thus allowing the isotropi behavior of the system.In the following, the on�gurations (ativated elements in red and deativated elements ingray olor) and orresponding performanes in terms of radiation patterns onerned with
3 (Fig. 4), 6 (Fig 5), and 9 (Fig. 6) ativated passive elements are reported. Whateverthe on�guration, there is a good agreement between numerial and experimental dataand the resulting front-to-bak values turn out to be ompliant with the requirements(FRB > 5 dB).Moreover, as far as the DoA detetion and positioning funtionalities are onerned, itshould be notied that both 6- and 9-ativated elements on�gurations present deep nullsharaterized by attenuation values of about 19.78 dB (Fig. 5) and 22.36 dB (Fig. 6),respetively.Finally, the V SWR measurements have been performed by varying the number of ati-vated setors and the range of variations of V SWR values turned out to be between 1.1and 1.22.
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4 ConlusionsIn this letter, the design of an eletronially reon�gurable antenna based on a mirostripparasiti struture and haraterized by an easy fabriation proess, low osts, and lim-ited hardware omplexity, has been presented. The radiation properties of the proposedantenna have been adjusted by ontrolling the states of suitably-loated radio frequenyswithes in order to modify the parasiti struture surrounding the entral ative element.The reported numerial and experimental results have demonstrated the reon�gurationapabilities of the synthesized antenna system aimed at mitigating the interferene phe-nomena or implementing DoA detetion funtionalities or positioning funtions.Referenes[1℄ R. H. Roy, �An overview of smart antenna tehnologies and its appliation in wirelessommuniation systems,� Pro. IEEE Conf. Personal Wireless Comm., pp. 234-238,1997.[2℄ S. Bello�ore, C. A. Balanis, J. Foutz, and A. S. Spanias, �Smart antenna systemsfor mobile ommuniation networks. Part 1: overview and antenna design,� IEEEAntennas Propag. Mag., vol. 44, no. 4, pp. 145-154, Jun. 2002.[3℄ S. Bello�ore, J. Foutz, C. A. Balanis, and A. S. Spanias, �Smart antenna systemsfor mobile ommuniation networks. Part 2: beamforming and network throughput,�IEEE Antennas Propag. Mag., vol. 44, no. 4, pp. 106-114, Aug. 2002.[4℄ R. Azaro, M. Benedetti, F. De Natale, and A. Massa, �Smart antennas ontrol inomplex senarios through a memory enhaned PSO-based optimization approah,�Pro. Europ. Conf. Antennas & Propagat. (EuCAP), Nie, Frane, no. 363909, 6-10November 2006.[5℄ C. Yang, S. Baghi, and W. J. Chappell, �Loation traking with diretional antennasin wireless sensor networks,� Pro. IEEE MTT-S Int. Mirowave Symp., pp. 131-134,2005. 6



[6℄ S. P. Applebaum, "Adaptive arrays," IEEE Trans. Antennas Propag ., vol. AP-24,pp. 585-598, May 1976.[7℄ H. Singh and S. Singh, �A MAC protool based on adaptive beamforming for ad honetworks,� Pro. IEEE Int. Symposium Personal, Indoor and Mobile Radio Comm.,pp. 1346-1350, 2003.[8℄ S. Bello�ore, J. Foutz, R. Govindarajula, I. Bahei, C. A. Balanis, A. S. Spanias,J. M. Capone, and T. M. Duman, �Smart antenna system analysis, integration andperformane for mobile ad-ho network (MANETs),� IEEE Trans. Antennas Propag .,vol. 50, n. 5, pp. 571-581, May 2002.[9℄ M. D. Migliore, D. Pinhera, and F. Shettino, �A simple and robust adaptive par-asiti antenna,� IEEE Trans. Antennas Propag ., vol. 53, n. 10, pp. 3262-3272, Ot.2005.[10℄ L. Petit, L. Dussopt, and J. M. Laheurte, "MEMS-swithed parasiti-antenna arrayfor radiation pattern diversity," IEEE Trans. Antennas Propag ., vol. 54, no. 9, pp.2624-2631, Sep. 2006.[11℄ C. C. Lin, L. C. Kuo, and H. R. Chuang, "A horizontally polarized ominidiretionalprinted antenna for WLAN appliations," IEEE Trans. Antennas Propag ., vol. 54,no. 11, pp. 3551-3556, Nov. 2006.[12℄ J. R. Robinson and Y. Rahmat-Samii,� Partile swarm optimization in eletromag-netis,� IEEE Trans. Antennas Propag ., vol. 52, pp. 771-778, Mar. 2004.
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FIGURE CAPTIONS
• Figure 1. Geometry of the planar mirostrip parasiti antenna.
• Figure 2. Photograph of the prototype of the parasiti antenna.
• Figure 3. Simulated and measured normalized radiation patterns in orrespon-dene with the �fully deativated� on�guration.
• Figure 4. Simulated and measured normalized radiation patterns in orrespon-dene with the 3-setors shielding struture.
• Figure 5. Simulated and measured normalized radiation patterns in orrespon-dene with the 6-setors shielding struture.
• Figure 6. Simulated and measured normalized radiation patterns in orrespon-dene with the 9-setors shielding struture.
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