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Robert Schlub, Junwei LiMember, IEEEand Takashi OhiraSenior Member, IEEE

Abstract—The design of an optimized Electronically Steerable networks are autonomous to infrastructure like base-stations
Passive Array Radiator (ESPAR) antenna is presented. A genetic and cabling. This makes them a cheap and simple solution

algorithm using a finite element based cost function optimized the oo mpared to existing wired networks. However, wireless
antenna’s structure and loading conditions for maximal main lobe

gain in a single azimuth direction. Simulated gain results of 7.3 systems f"“e suscgpuble to S'gn_al €rrors arising frPr,“ multipath
dBi at 2.4 GHz were attained along the antenna’s elemental axis. Propagation and interference signals from unsolicited nodes.
The optimized antenna was fabricated and tested with the corre- As data is multihopped, signal errors between just a few inter-

sponding experimental gain better than 8 dBi. The 0.7 dB error mediate nodes can have a potentially devastating effect on the

between simulated and measured gain was constant for nUmerous gnire network performance. In addition, wireless transmission
structures and therefore did not affect the optimization. The op-

timized antenna reduced average main lobe elevation by 1%.30 can be a. Significant drain on th_e nOdels_ stqred energy: N.ode
just 9.7° above the horizontal. battery life is shortened considerably if high transmission

Index Terms—Antennas, genetic algorithm, parasitic radiator, powers are required for efﬂmept Comm.”r?'ca“or." -
smart antennas. The ESPAR antenna can direct radiation at intended recipi-
ents and steer radiation nulls toward the interfering signals. As
a result, such problems are significantly reduced. The radiation
. INTRODUCTION nulls and main lobe gains complement each other to maximize
MART antenna technology will play a crucial role inthe system signal to interference noise ratio. Furthermore, the
uture wireless communication networks and system@ntenna’s main lobe gain dramatically decreases the required
Present-day networks, be they mobile communication Bansmission power for a setrange. Directed radiation also helps
local computer networks, are struggling under increasing ugdieviate health concerns that might accompany such a device.
demand and limited, expensive spectrum. Common techniqued h€ antenna consists of a single feed element surrounded by a
to increase system gain and user density capabilities suctfigg of reactively loaded parasitic elements. By electrically con-
TDMA, CDMA, cell splitting, etc. are rapidly approachingtrolling the loading reactances, directional beams and nulls can
their limitations. However, their effectiveness can be extend€§ formed and steered throughout the azimuth. Thus the phys-
by combining them with space division multiple acces§a| structure of the antenna is simple a.nd requires relatively
(SDMA) [1]. To utilize SDMA in a wireless system, antennadttle power to operate when compared to its phased array coun-
that can discriminate signals spatially are required. A hd&fparts.
of electrically beam steerable adaptive antenna arrays hav&lOwever, the strong electromagnetic coupling between ele-
existed for some time. Typically, each element is excited witRents and finite ground structure make the antenna’s analytical
different phases of the information signal to form radiatiofiolution very complex. Accordingly, computational modeling
beams and nulls. However, inherent complexity has restrictisequired to determine the antenna characteristics without ex-
the use of conventional adaptive arrays in massively produd@@fimental testing. Due to this complexity, relatively little effort
communication products, like user terminals. To address thi§S been made to determine the optimum structure of the an-
electrically steerable or switchable parasitic antenna arrdf§ina for best performance.
have been introduced [2]—[6]. To address this, a genetic algorithm (GA) was employed in
The Electronically Steerable Passive Array Radiat&qnjunction with an FEM based cost function i_n order to opti-
(ESPAR) is one such antenna that is being developed for (8&e the antenna structure. The GA's stochastic nature ensures

in wirelessad hoccomputer networks [4]-[6]. Wirelessd hoc & robust process that is less likely to be trapped in localized
minima compared to its deterministic counterparts [7]. Thisis an
essential trait as the ESPAR antenna has many optimizable vari-
Manuscript received April 28, 2002; revised November 12, 2002. This wogbles and, hence, a large solution space. FEM was used as the
was supported in part by the Telecommunications Advancement Organizatighst function of the GA in order to obtain highly accurate solu-
of Japan under Grant. . If . f . d.th .
R. Schlub and J. Lu are with the Radio Science Laboratory, School Upns. an Inaccurate cost function were used, the optimization
Microelectronic Engineering, Griffith University, Nathan, QLD 4111 Australizerror would be pronounced because the ESPAR antenna’s elec-
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h, = TABLE |
S S A INITIAL STRUCTURE OF THEESPAR ANTENNA
| - -
) h, Length Structural Dimensions
6 . Tg p ha hp hy
f e mm 60 30 28 28 30

A (24GHz) | 048 | 0.24 | 0.224 | 0.224 | 0.24

: .
- || ¢ | E . o
K 1 i x; -
‘_ )r x,~ .
ﬁ\ \q/* X 7 \ 2.484 GHz, but experimental resonance was found at 2.4 GHz.
\ 4

v Therefore, the antenna optimization, and hence its definition in
Table |, is also at 2.4 GHz.

Grotnd Skirt 'I_'he grouno_l skirting is use_d _to reduce the radigtion I(_)be ele-
| ’ vation that exists due to the finite ground plane dimensions [9],
Var [10]. Indoors, ceilings often provide unobstructed reflections,
Fig. 1. ESPAR antenna structure. thus reducing the main-lobe elevation not only increases the az-

imuth gain, but also reduces the likelihood of multipath inter-

The genetic optimization focused on improving théerence.
main-lobe horizontal gain of the antenna. In doing so, both The original structure in Table | was designed using fun-
radiation sensitivity at side angles and transmitter power at@mental design techniques in conjunction with heuristic ex-
reduced. This is even more pronounced inag@inhocnetwork perience and therefore, it was not known whether all dimen-
where nodes utilize the same antenna type. In the majoritypns were optimal. While the structure is relatively simple, the
of signal environments, it is conceivable that the transmittirgjectrical analysis of the antenna is complex, and hard to op-
and receiving antennas will be operating with positive gain timize analytically. Therefore, the finite element based com-
their propagation direction. The gains from both antennas witlercial software package High Frequency Structure Simulator
combine to define system performance. As a result, any desigiiFSS) [11] was used together with a GA to simulate and opti-
improvement made in the antenna’s gain will potentially hawgize the structure.
double the effect in a system. The antennaitself raises a host of questions regarding its func-

First, the initial structure and basic ESPAR operating prindiionality. Answers to these questions are under different stages
ples will be introduced followed by the procedure used to opf investigation, but preliminary results have been published.
timize the gain of the antenna. The results of the optimizatidhese include the required beam-forming algorithm [12], [13],
will be shown with simulations verified through experimentaihe radiation beam sensitivity with respect to reactance [14] and
procedure. For complete specifications and protocols oathe the diode nonlinearity under typical transmission powers [15].
hocnetwork the antenna is to be implemented in see [8].

I1l. OPTIMIZATION PROCEDURE

Il. ESPAR ANTENNA CONFIGURATION The gain of the antenna is a defining feature in the perfor-

Similar to conventional adaptive arrays, the ESPAR antenmeance of arad hocwireless network. Thus, the optimization
is an adaptive solution that can create and steer both radiatimal was simply to maximize directional gain in a single az-
lobes and nulls in arbitrary directions. In contrast however, tlmuth direction. Antenna gain is defined as the product of its
ESPAR antenna’s beam forming elements are all passive in daectivity D and efficiencye [16].
ture and do not require complex feeding networks and control
systems. Typically, the parasitic elements are base-loaded with G=eD. )
vgractor diodes Who.se. voltage controlled reactances prOduc%onductor ohmic losses are considered negligible, thus only
dlfferer_lt antennargd|at|on patterns. The dc.controllled varacts antenna’s impedance mismatch is considered in the effi-
allow simple eIectrlcaI_Iy formed radiation with minimal powerciency. Equation (1) can then be rewritten
expense. Its uncomplicated structure and low-power operation
make the antenna an ideal candidate for massively produced G = (1 - |511|2) D 2)
user terminals.

A seven element antenna (Fig. 1) is considered where a singleich shows optimizing the gain simultaneously optimizes the
feed monopole is encircled by six, equally spaced, parasiteturn loss(.S11) and the antenna directivity.
monopole elements. The antenna elements reside on a hollowe@onsidering the ESPAR configuration, there are two main
cylindrical ground structure, under which the parasitic elemerdseas requiring optimization; the structural dimensions and the
are loaded. While this ground configuration consumes substaeactive loads. However, both the structure and loading reac-
tially more volume than would be required for the complemertances couple to determine the radiation characteristics of the
tary dipole array, it provides a practical, mechanically sound saatenna, and as such an optimum set of reactance values is
lution for antenna feeding and control circuitry. Table | definegnique to a single structure only. Therefore, it was desirable to
the antenna dimensions including active monopole height optimize both reactance values and structure. As this presented
parasitic monopole heigltt,, skirt heighth,, parasitic radius a very large solution space, the optimization was partitioned
rp, and ground radius, . Initially, the antenna was designed folinto several consecutive stages that alternated optimization of
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reactive loads and structure. Each successive stage’s optimBa-Structural Optimization
tion variables underwent an increase in resolution with a de-

; To reduce optimization time, a limited set of antenna dimen-
crease in range.

sions were optimized (Table 1). Monopole radius (1 mm) and
skirt sheet thickness (0 mm—a 2-D sheet) were kept constant. It
was thought the time cost involved to include these dimensions

With an expensive cost function, the optimization procesg the optimization, would outweigh the marginal performance
needs to be as efficient as possible. Referring to Fig. 1, there gigease they would net.

six different reactance values that require attention. However,, contrast to the reactive optimization, the optimization of

because the optimization goal is to maximize gain in & singlg.ctural dimensions had to be performed over a restricted
azimuth direction, the problem can be simplified by selectingnge of values. A maximum o2\ variation from the initial
either¢ = 0° or ¢ = 30° as the direction of gain optimiza- gimensions was chosen as the optimization range for the
tion. Reactance symmetry around this angular axis can thenol?ﬁlensionshs r,, and r,. Initially, the monopole heights
used. The two axes reduce the required optimization variaby?as and h,, were glose to gtheir theoretical resonanceddf\

to 4 and 3, respectively. While the= 0° case contains an addi- gnq therefore were only varied b.06)\ (7.5 mm) during
tional variable, it was assumed that a higher gain would be S&ftimization.

along the elemental axis and was thereby chosen. The antenna’s electrical characteristics were not uniformly
The second technique to depress the optimization time W@ssitive to all structural dimensions. For instance, variation in
to make the reactance resolution (reactance step between POSor h,, would produce greater changes than the same varia-
sible values) nonlinear. At the base of the parasitic monopolgsy, in r,. Consequently, the optimization resolutions were set
are transmission lines connected to loéds = Rz +jX1) empirically for each dimension. During the initial optimization
shorted to ground (see Fig. 3). Therefore, the signal 'nduceds't'&ges, the resolution of was 2 mmy, andh, were stepped
the parasitic element is guided down the transmission line ag)gi 1.5 mm and the element heiglits and h,, were resolved
reflected with some phase shift. The total phase shift (as seef@f mm. The resolutions df, andh, were refined to 0.5 mm
the monopole base) depends on the reactive loadhe trans- \yhen the optimization was in its firial stages.
mission line’s (TL) characteristicimpedanc.;) and the TL's
length. Elementary TL theory states that the reflection coe
cient(I") of a loaded transmission line is [17]
71 — 7o The purpose of computer optimization is to obtain an auto-
r=1r.+i;= 7 1 70 (3) mated process that can design an antenna based on predeter-
L © mined criteria. The problem at hand presented a large solution

where subscripts and: designate the real and imaginary COMzphace and diverse range of optimizable variables. As such, the

ponents of the re_flectlon co_efﬁuent. Normalizing with respecgglution space was likely to contain many near-optimal solu-
to Zp and assuming nolossinthe TLorlogll, = 0 — || =

D (3 b d 1o find th | ; ftions and be polluted with even more localized suboptimal so-
rg%k(ac)tigir(lf e)rearrange 0 find the angutar component of i, s, Evidently, an optimization algorithm that was unlikely
¢. .

to get trapped in the suboptimal solutions and could converge on
I — arctan (&) — arctan ( 2rp ) @) different near-optimal solutions simultaneously was required.

¢ I, 22 —1)° The GAtechnique was the obvious choice. It solves globally and
Here,z; is the load reactance normalized to the TL chaiS robust to suboptimal solutions due to its inherent stochastic

acteristic impedance. This relationship is well known and be&gture [7]. Recently, GAs have successfully been employed to
visualized on a Smith Chart. Whén; | becomes large, there istackle a range of wire and loaded wire antennas for precisely

little change inl’; and, hence, there will be insignificant changdhese stated reasons [18]-{20]. A GA can take many different
in the antenna radiation characteristics. Conversely, vihgh 0'Ms depending on the type of coding and selection schemes
is near 0, the change ifi, with respect tozz | is significant. that are employed. While the schemes that were used with this

Clearly, a fine, linear reactance resolution for latge| wil work will be discussed, the actual mathematical process of the

become an unnecessary burden on the optimizer. As changeSfhWill not be shown as there is ample literature already de-
the radiation characteristics with respectitpwould be more t@iling the method [7], [21]. _ o ,
pronounced, it was decided to step linearly with respedt;to One defining feature of a GA is how the optimization vari-

The final reactanceX 1) were calculated from rearranging (4)ables are coded intg a gene. In this' case, direct binary coding
in(I,) was employed. As discussed in Sections IlI-A and 111-B, the op-
s 1 ¢

X, =——% 7, (5) timization variables were discretized over practical limits. Each
1 —cos(I) possible value was then given some index that could be directly
As I is naturally bounded between 0 a2d, a small, fi- coded into the chromosome. The major drawback of using di-

nite set of reactances can be chosen which represent all posgiett binary coding was the discretization, or number of possible

reactance values that would significantly change the charactgene values, was limited to an integer power of 2.

istics of the antenna. During the initial optimization stage, eachThe mating and replacement selection process implemented

reactance was discretized into 64 levels (5 bits) separatedvizys Multiniche crowding (MNC) [22]. This allowed the simul-

5.6° in I',. In the later stages of optimizatiohy stepping was taneous optimization of localized minima through selection
reduced to less tharf 1 based on the similarity of two chromosomes.

A. Reactance Optimization

ﬁ&f. Genetic Algorithm
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TABLE I
OPTIMIZED REACTANCES (j€2)

Xi Xz X3 X4 X5 Xs

-14 -65 39 17 39 -65
TABLE I
OPTIMIZED ESPAR ANTENNA DIMENSIONS
Structural Dimensions
Length Te p h, hy hy
mm 60 38.5 27 27 34.5
A (2.4GHz) | 0.480 | 0.308 | 0.216 | 0.216 | 0.276

- . . Fig. 2. Constructed antenna.
The GA optimizes a population through analysis of a cost’ ensirucied anenna

function (fitness function’'. As gain was being optimized, then

the cost function was simply from (2) Parasitic
Monople
= (1-1suf) . ©) A P
As the maximum achievable gain of the antenna was uf Ground Cross-Section
known, the stopping criterion of the optimizer was simply a ger N

eration limit. The generation limit was set at 20, but rarely di
the optimization progress this far as the population would b
come homogeneous. B—>

One of the GA's drawbacks is the fact it requires a larg
number of cost function calculations. As the maturing popt
lation homogenizes, the prospect of encountering a previous

¥~ Panel Mount SMA
female connector
(partial cross-sections)

Surface Mount

solved chromosome increases. Because the finite element ¢ Right Angle R

function calculation time varied between 13 and 20 min, thel ;S\g"aﬁ‘) tr‘:ra'e

was risk the optimization time would become unmanageab

large. To minimize this, a database of unique antenna confi

urations (chromosomes) was maintained and referenced dur Total 50 transmission line length (L) >

optimization. The fraction of a second required for the optimizer

to crosscheck the database with the chromosome under test, Fig$. Example SMA loading.

insignificant compared to resimulating the chromosome’s cor-

responding antenna structure. solutions was confirmed as the early populations contained sub-

stantially different groups of chromosomes with similar fithess

V. OPTIMIZATION RESULTS (gains within 1 dB of the optimum). Chromosomes situated be-

tween these groups exhibited depressed gain, which established

Employing a dual PIII 850 with 1 GB RAM, the total op-ghe suboptimal solutions.

timization involving 3799 unique cost function computation
took close to four weeks. However, with incessant increases
in desktop computer speed, such optimization times will re-
duce rapidly. Contemporary processors boast clock speeds threEhe antenna structure is simple and thus could be built by
times that of the ones used for the presented optimization, amehd in a matter of hours. Dual plated PCB formed the antenna
as such, the potential for applying the aforementioned desiground base while flexible copper sheeting made the skirt. The
procedure to similar problems is strong. monopole vias were plated to ensure the radiating elements
Tables Il and Ill show the optimized reactances and antendia not loose energy through the PCBs dielectric. In addition,
dimensions at 2.4 GHz. Comparing the optimized dimensiotige plated vias provided ample grounding points within the
to Table |, the most significant change is the parasitic radjus elemental radius between the top and bottom ground planes.
which increased by 9.5 mm to almost a third of a wavelengtSBMA panel mount connectors fed the monopole elements.
The ground skirt height was limited to a maximum of 34.5 mrhig. 2 presents the constructed antenna.
to ensure the antenna did not grow too large. It is expected thaWhile varactor diodes would typically be used to produce
a further increase in height would improve performance as iteédectrically controlled reactances, their use was inappropriate
the equivalent of increasing the ground plane area. for simply confirming simulated results. Instead, combinations
The solution presented was attained through four stagesodfSMA adapters terminated with either open circuits, short cir-
optimization. Each phase adopted a smaller optimization vatidits or surface mount capacitors were used to create the dif-
able range with an increase in resolution. The optimum chronmferent reactive loads. Fig. 3 shows an example load. At point
some in the final population of each stage seeded the ranges &ndhe exact reflection phase length;,) could be measured
resolutions of the following stage. The existence of suboptimaith a network analyzer. When added to the ground and panel

V. CONSTRUCTION OF THEOPTIMIZED ANTENNA
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connector thicknesgA B), the precise reactance atcould be
calculated from (5).

This loading configuration however, has a significant sectiol
of transmission line. A TL of lengtti has al’, of

2L 4rnfL
F) = 2 —_— =

& ™

In (7), A is the electromagnetic wavelength in the TL at fre-
quencyf propagating with velocity.. Thus, itsly change with  4g0¢

frequency is

radians. @)

aly = arl radians - Hz 1. (8)
df U

Equation (8) shows the change Iy, with respect to fre-
quency is not constant whdnis variable (as would be the case
with different reactances). Therefore, as each reactance chani
at a different rate with frequency, the experimental results ca
only be compared to their simulated counterparts at the reac-
tance design frequency. This however, is sufficient to validate
simulation procedure.

The loss of the SMA loading structures was no greater tha
0.3 dB. Larger structures incorporating phase shifters had loss
in excess of 2 dB and as such, the results they produced h
significant error. In addition, the low profile SMA loads had 150° /
negligible effect on the antenna radiation characteristics. '

VI. ANTENNA MEASUREMENTRESULTS /

The optimized antenna produced H plane and E plane radi1so° |
tion characteristics that can be seenin Fig. 4. In the azimuth, tt \
antenna’s maximum gain reaches 8.08 dBi. Its front-to-back ar \
front-to-null ratios are 10 and 18.8 dB, respectively. This patter
can be reproduced at 6ntervals through the azimuth due to
the antenna’s symmetry. The main-lobe is elevated at an anc
of 4° from the horizontal. Cross-polarization patterns were mee
sured and found to be below 14 dB of the main-lobe gain.

The antenna’s mismatch impedance was poor with a me:

suredS;; of —7 dB at 2.4 GHz, within 0.4 dB of the computer 270°

result. Simulation results of th&; bandwidth showed minimal (b)

(within 0.5 dB) degradation over 100 MHz and hence itis cle&g. 4. Radiation characteristics of the optimized ESPAR antenna
the S1; is not too localized around resonance. This could ob\gt 24 GHz. (a) H plane radiatiof¢ = 0°). (b) E plane radiation

ously not be shown experimentally due to (8) but as simulation ~ 0°)i—Experimental—HFSS.

was so close to experiment, it can safely be assumed correct. If
lower levels ofSy1 are required, the problem would have to bé.7 dBi was achieved. In addition, the main lobe was elevated at
reoptimized with weights associated to the directivity &hd 25°. Conversely, regardless of the finite ground plane, the op-
in (6). timized antenna has minimal lobe elevation and a gain of 8.08
Fig. 4 shows a clear agreement between the simulated anda@. This reduction in main-lobe elevation is one of the principal
perimental results. Had the cost function simulated the antemeasons for the increase in azimuth gain. To reject the possiblilty
with inconsistent error, the GA would have converged on a sirthat the reactance-structure combination fluked a suppression
ulated optimum rather than its true counterpart. The similarigf main-lobe elevation, a further 10 random, nonoptimized re-
between the simulated and experimental results show that #wtance loading cases were tested. Main-lobe elevations were
cost function was accurate and hence it is likely the presentegtorded between°Cand 15 with a mean of 9.7. Horizontal
solution is the true optimum solution. The simulated gain waggins were no less than 0.5 dB of the elevated gains. This is in
degraded by 0.7 dB when compared to experimental testimgntrast to the original antenna’s average elevation &fvidth
However, this error was consistent over a number of differehbrizontal gains between 1 and 1.6 dB less than the elevated
tests and therefore would not have effected the optimization.gains. These results suggest the optimized structure of the an-
When the original antenna (Table 1) was optimized with rdenna has reduced the main lobe elevation independent of the
spect to reactance only, an experimental gain no greater tmaactance loading.
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While the structural optimization has netted an increase o] Y. Qjiro, H. Kawakami, K. Gyoda, and T. Ohira, “Improvement of el-

gain of approximately 1.4 dB over the reactive optimization evation directivity for ESPAR antennas with finite ground plane,” in
. . . . ’ Proc. IEEE 2001 Antennas Propagat. Soc. SyrBpston, MA, 2001,
this could potentially translate to 2.8 dB in a system environ- ;" 15 19 pag e

ment, which is equivalent to a significant reduction in trans-{11] HFSS v8.0 (2002, Feb.ttp://www.ansoft.corfOnline]

mitter power of approximately 48%. In addition, showing that[2] J. Cheng, Y. Kamiya, and 1. Ohira, ‘Adaptive beamforming of ESPAR
. i . . antenna based on steepest gradient algorithBi¢C rans. Commun.
an accurate structural simulation works, has laid foundations for ) "ega-g, pp. 1790-1800, July 2001.

immersing the antenna in dielectric to reduce it to a more pragi3] B. Shishkov, J. Cheng, and T. Ohira, “Adaptive control algorithm of
tical size as has been proposed previously [23]. ESPAR antenna based on stochastic approximation thetEyCE
Trans. Communvol. E85-B, no. 4, pp. 802-811, Apr. 2002.
[14] R.Schlub, W.Lu, and T. Ohira, “Frequency characteristics of the ESPAR
antenna,” inProc. Asia Pacific Microwave ConfTaipei, Taiwan, 2001,
VII. CONCLUSION pp. 697-700.
[15] Q.Han, K.Inagaki, K. ligusa, R. Schlub, T. Ohira, and M. Akaike, “Har-
A horizontal gain optimized electrically steerable passive monic distortion suppression technique for varactor-loaded parasitic ra-

array radiator antenna designed for use inadrhocwireless g:f:orz%gt;””as"E'CE Trans. Commupyol. E85-C, pp. 2015-2021,

network has been presented. The antenna was optimizgth] c. A. Balanis, Antenna Theory Analysis and DesignNew York:
with respect to gain to reduce interference and transmission_ Harper & Row, 1982.

. [17] D.M.PozarMicrowave Engineering2nd ed. New York: Wiley, 1998.
powers in a system. In a homernem hocnetwork, any 18] E. E. Altshuler and D. S. Linden, “Design of a loaded monopole having

optimization in the gain of an antenna will potentially have hemispherical coverage using a genetic algorithBEE Trans. An-
double the effect in the system. tennas Propagatvol. 45, pp. 1-4, Jan. 1997.

. h 19] Z. Altman, R. Mittra, and A. Boag, “New designs of ultra wide-band
The optimization solution space of the ESPAR antenna Wa[s communication antennas using a genetic algorithlBEE Trans. An-

very large, and polluted by localized, suboptimal solutions. Ac-  tennas Propagatvol. 45, pp. 1494-1505, Oct. 1997.
cordingly, a genetic algorithm was used for optimization bed20] R.Schlub,D. V. Thiel, J. W. Lu, and S. G. O’Keefe, “Dual-band six-ele-

. ment switched parasitic array for smart antenna cellular communications
cause of its robust nature. The GA employed a FEM based cost systems, Electron. Lett, vol. 36, pp. 1342-1343, Aug. 2000.

function in order to obtain accurate modeling of the antennaj21] D.S.Weile and E. Michielssen, “Genetic algorithm optimization applied

Both physical antenna structure and loading reactances were op- 0 electromagnetics: areviewEE Trans. Antennas Propagatol. 45,
pp. 343-353, Mar. 1997.

timized. ) ) [22] V. R. Vemuri and W. Cedeno, “Multi-niche crowding for multi-nodal
As a result, a circular monopole array of radiasg08\ search,” inPractical Handbook of Genetic Algorithms—New Frontjers
surrounding a single feed monopole based dn4s) radius L. Chambers, Ed. Boca Raton, FL: CRC, 1995, vol. 2, pp. 6-10.
d ol b ded with 276\ skirt desi d [23] J.Lu, D. Thiel, B. Hanna, and S. Saario, “Dielectric embedded electron-
ground plane bounded wi - SKIrt was designed. ically switched and multiple beam antenna arrays for wireless commu-

All monopole heights wer®.216\ at 2.4 GHz. The antenna nication systems,Electron. Lett, vol. 37, pp. 871-872, July 2001.
produced a maximum gain of 8.08 dBi with average main-lobe

elevation angles of 977 With increases in computing power,

the optimization process used could readily be adapted to

more complex optimization problems like that of the antenr
immersed in a dielectric medium to reduce physical size.
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croelectronic engineering from Griffith University,
Queensland, Australia, in 2000, where he is currently
working toward the Ph.D. degree.

In 2001, he held a one-year internship with
the ATR Adaptive Communications Research
Laboratories, Kyoto, Japan.

REFERENCES

[1] S. L. Preston, D. V. Thiel, and J. W. Lu, “A multibeam antenna usin
switched parasitic and switched active elements for space-divisi
multiple access applicationsEICE Trans. Communvol. E82-C, pp.
1202-1210, July 1999.

[2] S. L. Preston, D. V. Thiel, T. A. Smith, S. G. O'Keefe, and J. W. Lu,
“Base-station tracking in mobile communications using a switched
parasitic antenna arraylJEEE Trans. Antennas Propagatol. 46, pp.
841-844, June 1998.

[3] D. V. Thiel and S. L. SmithSwitched Parasitic Antennas for Cellular
Communications Norwood, MA: Artech House, 2002.

[4] T. Ohira and K. Gyoda, “Electronically steerable passive array radiat
antennas for low-cost analog adaptive beamformingProc. IEEE Int.
Conf. Phased Array Syst. Techn@000, pp. 101-104.

[5] T. Ohira, “Adaptive array antenna beamforming architectures as view:
by a microwave circuit designer,” ifProc. Asia-Pacific Microwave
Conf, Sydney, 2000, pp. 828-833.

[6] T.Ohiraand K. Gyoda, “Handheld microwave direction-of-arrival finde

Junwei Lu (M’92) received the B.E. degree from the
Department of Electrical Engineering, Xian Jiaotong
University, China, in 1976, the M.E. degree in elec-
tronic and computer engineering from the National
Toyama University, Japan, in 1988, and the Ph.D. de-
gree in electrical and computer engineering from the
National Kanazawa University, Japan, in 1991.
From 1976 to 1984, he was with the Institute of
Qinhai Electric Power Testing and Research, China,
where he was involved in various national research

based on varactor-tuned aerial beamformingPiac. Asia-Pacific Mi- : projects for the electrical power industry. Since 1985,

crowave Conferen¢daipei, Taiwan, 2001, pp. 585-588. he has resumed academic study and research in the area of computational elec-
[7] D. GoldbergGenetic Algorithms in Search, Optimization, and Machinéromagnetics with the Laboratory of Electrical Communications, Toyama Uni-

Learning Reading, MA: Addison-Wesley, 1989. versity. Since 1988, he worked on applied computational electromagnetics and

[8] K.Gyoda, Y.Kado, Y. Ohno, K. Hasuike, and T. Ohira, “WACNet: wire-was involved in the development of magnetic devices with the Laboratory of
lessad hoccommunity network,” irProc. IEEE Int. Symp. Circuits Sys- Electrical Energy Conversion, Kanazawa University. He joined the School of
tems ISCAS2001, |\Bydney, 2001, pp. 862—865. Microelectronic Engineering at Griffith University in 1992, where he is now

[9] D. V. Thiel, “Tin-can antenna—a switched parasitic monopole antenran Associate Professor. His fields of interest include computational and visual
on a finite ground plane with a conductive sleeve,Pimc. CSIRO 7th electromagnetics, high-performance cluster computing, smart mobile terminal
Australian Symp. Antenna2001, p. 19. antennas, RF/MW devices and circuits, and high-frequency magnetics.



SCHLUB et al. SEVEN-ELEMENT GROUND SKIRT MONOPOLE ESPAR ANTENNA DESIGN

Takashi Ohira (S'79-M'83-SM’'99) was born in
Osaka, Japan, in April 1955. He received the B.E.
and D.E. degrees in communication engineering
from Osaka University, Osaka, in 1978 and 1983,
s respectively.
~ In 1983, he joined NTT Electrical Communication
Laboratories, Yokosuka, Japan, where he was
engaged in research on monolithic integration of
microwave semiconductor devices and circuits. He
| developed GaAs MMIC transponder modules and
microwave beam-forming networks aboard Japanese

domestic multibeam communication satellites, Engineering Test Satellite VI
(ETS-VI) and ETS-VIIl, at NTT Wireless Systems Laboratories, Yokosuka.
Since 1999, he has been engaged in research on wirates®c networks
and microwave analog adaptive antennas aboard consumer electronic devices
at ATR Adaptive Communications Research Laboratories, Kyoto, Japan.
Concurrently, he was a Consulting Engineer for National Astronautical Space
Development Agency (NASDA) ETS-VIII Project in 1999, and an Invited
Lecturer for Osaka University in 2000 to 2001. He coauthadkézholithic
Microwave Integrated Circuit§Tokyo: IEICE, 1997).

Dr. Ohira serves as IEEE MTT-S Japan Chapter Vice-Chairperson. He was
awarded the 1986 IEICE Shinohara Prize and 1998 Japan Microwave Prize.

3039



