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Genetic Algorithms and Method of Moments
(GA/MOM) for the Design of Integrated Antennas

J. Michael Johnsonylember, IEEE and Yahya Rahmat-Samitellow, IEEE

Abstract—This paper introduces a novel technique for ef- serendipitous discovery [1]. Either way, the development of
ficiently combining genetic algorithms (GA's) with method of new designs is often a slow haphazard process that often
moments (MoM) for integrated antenna design and explores a y;a4s designs that are difficult to manufacture and, therefore,
two example applications of the GA/MoM approach. Integral - - - -
to efficient GA/MoM integration is the use of direct Z-matrix unsunab_le for commerCIaI wireless antenna appllcatlons._
manipulation (DMM). In DMM a “mother” structure is selected What is needed is a new approach that allows the designer
and its corresponding impedance or Z-matrix is filled only to specify design goals and then generate a candidate “opti-
once prior to beginning the GA optimization process. The GA mal” structure in a methodical and evolutionary manner. An
optimizer then optimizes the design by creating substructures approach that holds much promise in this regard is the coupling

of the mother structure as represented by the corresponding £ full lect fi deli d ith ontimizati
subsets of the originalmother Z-matrix. Application of DMM ofiulfwave electromagnetic modeling codes with optimization

with GA/MoM significantly reduces the total optimization time Methods.
by eliminating multiple Z-matrix fill operations. DMM also Recently, several investigators have reported encouraging

facilitates the use of matrix partitioning and presolving to further  results from the coupling of a relatively new optimization

reduce the optimization time in many practical cases. The design ; ; ; ;
of a broad-band patch antenna with greater than 20% bandwidth tichnlque rnov“\;ln Ias t?e gerl?“(i algc>2r|thm (GtA()j V;:th r(;1et.hod
and a dual-band patch antenna are presented as examples of 01 moments (MoM). In particular, [2] reporte e design

the utility of GA/MoM with DMM. Measured results for the ~ Of compact microwave filters using GA coupled with a 2.5
dual-band antenna are compared to numerical results. Excellent D MoM analysis technique and [3] and [4] reported some

agreement between numerical and measured results is observed.interesting results of applying the well known numerical
Index Terms—Genetic algorithms, method of moments, multi- €lectromagnetic code (NEC) and GA to the design of circularly
band patch antennas. polarized wire antennas with broad angular coverage. In both
of these cases, the results obtained from the GA optimization
exhibited excellent performance for the selected optimization
parameters. In addition to producing results with excellent
S wireless systems continue to enjoy increased applerformance, these examples also produced in entirely uncon-
cation and gain wider acceptance, performance and cgshtional and nonintuitive physical realizations.
constraints on the antennas employed by these systems becomg this paper, a novel integration of GA and MoM for
more difficult to meet. Antennas that are conformal or |OW]e design of low-cost integrated antennas is described. Es-
profile and that exhibit broad-band or multiband operation agentially, GA/MoM amounts to a tailored MoM combined
of particular interest for many of these new systems. Conconjjith a GA search within the solution domain afforded by
tant with increased performance levels is the need for antenfia MoM results. Section Il discusses the specifics of the
designs with the potential for low cost manufacturing. TGA optimizer and the implementation of MoM used herein
address the requirements and the severe constraints impege§l Section 1l describes the diret-matrix manipulation
by commercial application of these antennas, new innovatig®gmMm) integration of GA and MoM (GA/MoM) including
antenna design methodologies are required. the approach to matrix partitioning and presolving facilitated
To date, most new wireless system antenna designs hgyeDMM. As a demonstration of the applicability of GA/MoM
been derived from existing canonical designs such as ## patch antenna design, two patch antenna designs are
monopole or thej and ; wavelength patch antennas. Genpresented. A broad-band patch antenna design is described in
erally speaking, these new designs, especially those exhilgiection IV and a dual-band patch antenna design is described
ing wide-band or multiband operation, have been developgfsection V. Measured data for a prototype dual-band antenna
through the careful application of engineering judgment anflat compares favorably with the numerical results is also
expertise to extend the canonical designs and/or througfbvided in Section V. Finally, the operation of the dual-band
design is investigated in some detail to give some additional
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Fig. 1. After selection of amother structure and the filling of another
Z-matrix, the optimization consists of using GA to search among the set of
substructures that can be constructed by removing rows and columns from
the mother Z-matrix, which corresponds to removing metal from the mothetijg. 2. Block diagram of a simple generational GA optimizer.
structure.

the computational cost in the optimization process com arb reasonably well described by a set of wires, sources, and
N P | ted GAM |\/|p hp In th Dllc\)/l tal plates, an electric field integral equation (EFIE)-based
O previously reporte oM approaches. In the oM provides considerable flexibility.

approach, anotherstructure is selected. The GA optimization EFIE/MoM [6], [15] is a well-established full wave method

then searches for an optimal substructure contained withif} o\ 41uating the performance of arbitrarily shaped electro-
the motherstructure that comes closest to meeting the desigi, onetic structures consisting of wires and electrically thin
goals. This concept is illustrated in Fig. 1. The reduction of otz plates. The method involves subdividing the metal
the GA optimization task to one involving substructures Qfrfaces and wires in the modeled structures. The general

a mother structure provides a significant timesaving in thg§roplem is reduced to that of solving a set of linear equations
the Z-matrix used in the MoM calculations is only filledgt the form,

once at the beginning of the optimization instead of at each
optimization iteration. DMM also facilitates the use of matrix zI=Vv (1)

partitioning and presolving to further reduce the solve timghere 7 is the Z-matrix or impedance matrix that specifies
for some problems. o o the relationship between the various surface patches and wire
As discussed above and indicated in Fig. 1, the GA/MoMegments in the problerl, is a vector accounting for sources,

approach presented in this paper combines a tailored MaMd 7 is a vector containing the unknown currents that are to
analysis with an iterative GA-based search for an optimpk found.

solution. A tutorial introduction to GA optimization and its An excellent choice of testing and basis functions for
application to various electromagnetic problem is presented@»®/MoM is the Rao—-Wilton—-Glisson (RWG) basis function
[5]. GA’s have been applied to a wide range of electromaget developed in [16]. The RWG basis function set has the ad-
netic problems including the design of broad-band multilayeantage of not requiring different basis functions for boundary
absorbers, array design, and remote sensing [6]—[12]. elements and interior elements and is designed to be used with
In the case of GA/MoM, the population consists of a setiangular surface patches. The wire elements can be modeled
of substructures and the chromosomes of the individuals adequately by triangular basis functions [17]. An important
the population describe the physical characteristics of th&odification, especially important in small structures, involves
individuals. The fitness function involves the application dhe balancing of currents at any wire/surface junctions to
MoM to the individual substructures followed by a weighte@nsure continuity of current as required by Kirchoff’s current
summation of the information produced by the MoM analysigaw. In addition, a straightforward modification of the Green’s
A block diagram of the generational GA optimizer useéunction in the EFIE enables the inclusion of infinite ground
is illustrated in Fig. 2. The selection strategy used here fanes.
GA/MoM is known as binary tournament selection [13]. In
tournament selection, a subpopulation’éfindividuals (N = . GA/MOM | NTEGRATION

2) is chosen at random from the population. The individuals of ga/MoM begins with the selection of another structure

this subpopulation thenompeteon the basis of their fithness.and then derives substructures from thether structure

The individual in the subpopulation with the highest fithesgirough an iterative GA search with MoM as the basic

wins the tournamentind becomes the selected individualanalytical method for evaluating the performance of these

Further details of the implementation of a GA optimizer angubstructures. Having summarized the basic elements GA and

the various operators involved are covered in detail in [6], [14}40M, the GA/MoM integration is presented in this section.
The other part of the GA/MoM approach is a tailored For GA/MoM, let the substructures allowed in the search

MoM analysis. Since the majority of antenna structures capace be those that can be produced by removing metal of the
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Fig. 4. The relationship between the physical problem and the chromosome
is simply a mapping between patches of metal and a binary string such that a
“1” indicates the presence of metal and a “0” indicates the absence of metal.

Calculate fitness 56 . .
Therefore, for all intents and purposes tHemnatrix for all
Fig. 3. GA/MoM combines a GA optimization with a tailored MoM analysissubstructures of the originahother structure can be formed
which involves removal of rows and columns from tBematrix instead of by simply removing rows and columns from tmeother Z-
refilling the Z-matrix at each GA iteration. . .
matrix, voltage vector and current vectors of (1). A solution
methodology is then apparent that allows for the exploration
o _ _ ~of alarge number of potential configurations without the need
original structure. Removal a portion of the metal is equivalefdr costly re-execution of thez-matrix filling operations.
to forcing the currents on that portion of theotherstructure  From the GA viewpoint, the chromosome can be a simple
to be identically zero. .This, in turn., is equivalent to settinginary string of ones and zeros, one bit for each “removable”
the corresponding basis elements in thetherstructureZ-  subsection in thenotherstructure. A “0” in the chromosome
matrix to zero leaving rows and columns in tiiematrix then represents the absence of metal while a “1” represents
filled with zeros. In practice, these zero rows and columige presence of metal. This is illustrated in Fig. 4. The fitness
in the Z-matrix make the matrix singular. Since the direcfunction then involves solving &I = V equation for a
analysis of a given substructure by MoM would simply no§ubmatrix derived from the originamother Z-matrix and

include regions without metal, it is quickly realized that thénen extracting the appropriate parameters from the results to
substructurezZ-matrix can be produced from theother Z-  compare with the optimization goals.

matrix by removing the rows and columns associated with theReferring to Fig. 3, a submatrixZ, is created from the
removed metal. The removal of these rows and columns leaygsther Z-matrix by removing the rows and columns corre-
a nonsingular matrix that can be used to find the unknowponding to a mapping of the zeros in the chromosome to metal
currents on the substructure. regions in the model. Th&I = V equation is then solved
An optimization methodology as depicted in Fig. 3, camnd the resulting current vector is used to extract the desired
therefore, be considered. In this methodologymather Z-  parameters such as input impedance or antenna pattern. Since
matrix is constructed that includes the presence of metak method involves direct operation on the motiematrix
everywhere that metal might allowed to be. All possible strughe method has been named the DMM method.
tures that can be constructed from tm®ther configuration ~ GA/MoM then reduces to a two-step process. The first
then become substructures of tither configuration. The step is the standard matrix filling operation of MoM in
Z-matrices of these subset configurations likewise are realiz@lich mother Z-matrices are constructed and stored for each
to be submatrices of theother Z-matrix. Put simply, theZ-  frequency of interest. The second step is the GA optimization
matrix of any substructure can be derived from that of thgilizing the previously filled MoM matrices or submatrices.
motherstructure by simply removing the rows and columns of The DMM method avoids the cost of refilling th&-
the matrix corresponding to the pieces of metal that are beingatrix at each re-evaluation of the fitness function, a cost that
removed. The remaining matrix elements are unchanged ¢¥h be substantial. Fig. 5 shows the typical times involved
this removal of elements. in filling and subsequently solving a typical MoM problem
An exception to this rule is that the matrix elements that arelative to the number of unknowns involved. For the typical
formed by junctions between wire segments and metal patchgblem with less than about 200 unknowns, fill time is on
In these instances, the entries in tHematrix are dependent the order of the solve time in this case. This timesaving can
on other rows and columns due to the necessary applicatlsm particularly important when considering an optimization
of Kirchoff's current law to relate the surface currents in thproblem that may involve a large number of successive MoM
surface patches and the wires attached thereto. This excep#@galuations. Considering a problem involving 100 unknowns,
is easily overcome by excluding these “dependent” rows aadd where a population of 100 individuals and 100 generations,
columns from the group of “removable” rows and columnghe total time saved by not refilling the matrix as outlined
Excluding certain rows and columns from the “removabledbove amounts to 133 min on a 200-MHz Pentium Pro. In
group in turn excludes a subset of substructures from bather words, with the DMM methodology proposed above,
ing considered during the GA search. In practice, this isatotal optimization time of approximately 50 min results as
minor limitation. opposed to 183 min without the application of DMM.
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Pentium Pro).
) Fig. 6. CalculatedS11 for patch antenna before and after GA/MoM opti-

mization.
Having adopted the DMM approach a second computational
cost saving methodology can be exploited by using matrix IV. EXAMPLE 1:
partitioning. Many practical problems involve portions of a WIDE-BAND PATCH ANTENNA DESIGN

given modeled structure that are modified during optimization , o
along with portions that are not modified. This characteristic A @ first example of the application of GA/MoM for

can be exploited to achieve further execution timesaving Wtenna design, consider the design of a broad-band patch

partitioning the matrix equation and “presolving” a portion ofinténna. Usually broad-band patch designs are achieved by
the equation associated with the elements that are not chang@fling passive resonating elements to a basic design leading to
[18]. If the problem is partitioned such that the elements thafitennas that are usually much larger and/or more complicated
do not change or are always present and are always locafedPuild and tune. The goal here was to produce a patch

in the lower right corner of the matrix, the equation can pantenna that has an acceptable, 2:1 VSWR, match over a

solved as outlined in (2)—(6). With partitioning, (1) becomeszoo/f’ l_)f'deidth cen_ter_ed at 3 GHz. As can be seen in Fig. 6,
the initial match, as indicated by a dotted line, has a bandwidth

[me Zcm} {Im} B [Vm} @ of approximately 6%. The original patch design consisted of a
Ze  Zee || I | | Vs 5.0 x 5.0 cm patch suspended 0.5 cm above an infinite ground
. __ plane. The feed was modeled as a wire with a voltage source
where the subscript: refers to elements that may be modifieg the ground plane/wire interface and located 2.5.25 cm
(removed) during optimization and refers to elements that {om the corner of the patch. The original patch structure
are cqnstant during optimization. Aftgr par_titioning, the matri?ﬁcluding the triangularization used is shown in Fig. 7(a).
equation (2) can be solved fdr, as given in (3) and (4) A mothermatrix for the original design was formed and GA
v, — 71 optimization was performed by iteratively removing square
e = 3 - - -
¢ metal subsections from the patch region and the corresponding
Ie=Yee AVe = Zinelm}. (4)  rows and columns from th&-matrix as outlined above in
Section IV. The population size was 100 individuals and 100
nerations were evaluated. Probability of crossover was 0.7
ile the probability of mutation was equal to 0.02. Elitism
Yo = { Zoim — Zom Yoo Zome} ™2 (5) ar_ld_ bi_nary tournament selection were used. The goal was to
I Y (Vir — ZonY, V} (©) minimize the maximumS11 magnitude _at three frequer_lmes_,
m mmim emzmcetel 2.7 GHz, 3 GHz, and 3.3 GHz. The fitness function in this

Counting the number of complex multiplication operation§3S€ Was given by
necessary to repeatedly solve the system represented by the fitness= min(S11,,) 7)
original matrix equation (2) relative to the result of presolving vn
for Y,. using (3) followed by (4)—(6) it is clear that wheéhe where the subscript refers to sample points in th€l1 versus
number of elements that are modifiesdless than or equal to frequency function. The MoM step was used to generate a
number of elements that are held constahe application of set of threeZ-matrices for themotherconfiguration, one for
matrix partitioning and presolving can yield significant savingsach frequency. The GA optimizer then iteratively removed
in computation time. rows and columns from these threethermatrices in search
The GA/MoM method described above has been applieddd a solution. Metal removal was constrained to be square
several antenna optimization problems involving patches apdtches through the mapping from the GA chromosome to the
wires. Z-matrix entries.

Then substituting this result back into (2) and solving for
the results, after some simple algebra, are given by (5) and
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(b)

Fig. 7. Patch antenna with simple wire feed above an infinite ground plane (not shown). (a) Original square patch. (b) Patch configuration resulting

from GA optimization.

0.0

The results of the best individual encountered during the ey
GA/MoM optimization in terms of magnitud&11 are shown . A
in Fig. 6 as a solid line. As can be seen, an acceptable 2:1 \\\ ke
match has been achieved over the entire 2.7-3.3-GHz band. \\ \
The resulting optimized structure is shown Fig. 7(b). While not ' ,\ /
an intuitive result, the design is readily realizable by standard_ ‘J\ } |
printed circuit board techniques. g i N iy
Of course, the antenna pattern produced by the resulting ~'°° | el v
unsymmetrical structure may not be suitable for some ap‘—i . ‘\
plications. In particular, the lack of symmetry in the patch : Lol
design results in a slightly asymmetric pattern and a high Lol
cross-polarization component. Y |~ Original Patch
As an aside, approaching these designs through an ex- — Optimized Patch
haustive manual trial and error method might be considered. ‘ ‘ ‘
In the first case, there are 72 triangular patches grouped 2095 2.0 3.0 4.0 5.0
into 36 square subpatches. This means that there *§rer2 Frequency (GHz)
68.7 x 10° possible combinations of this design. The GAxig. 8. calculateds11 for the dual-band patch antenna before and after
approach required less than<310? solutions of theZI =V  GA/MoM optimization.
equation to find a good result.

In addition to the use of the fitness function of (9), a
V. EXAMPLE 2: constraint was placed on the GA/MoM search to insure that
DUAL-BAND PATCH ANTENNA DESIGN only symmetrical structures were produced. In this case,

As a second example of the application of the GNMOmymmgtry was enforced about. theaxis. This. constraint is
design methodology consider the design of a dual-band pafedsY implemented by controlling the mapping between the
antenna. Such a dual-band antenna would be useful in wirel€BEomosome and the physical patches such that a group of
applications that combine cellular and satellite operation RRiches are equated with a given bit within the GA chro-
a single unit. In the case presented here, the design gBIsome. Grouping of patches was also used in the previous
was to produce an antenna that has a good match at t&mple to insure that pairs of triangles and not individual
frequencies—3.0 and 4.0 GHz. Starting with the same patéfiangle were used in the optimization process.
antenna as in the previous example the GA/MoM optimization The results of the best individual from the GA/MoM opti-
was applied with the goal of minimizing the return loss at thaization in terms of magnitud€11 are shown in Fig. 8 along
two design frequencies. The fitness function of (9) was usedith the return loss for the original patch prior to optimization.
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Fig. 9. Dual-band GA optimized patch antenna structure (ground plane is not shown).

As can be seen, GA/MoM again found an acceptable design
given the requirement for dual-band operation. Even though
a shift from the original operating frequency was required in
addition to the production of a second match point, GA/MoM
was able to achieve a VSWR of at least 2:1 at both 3.0 and
4.0 GHz. It should be noted that the resonant frequency of tig
original patch antenna was selected to be below that of boﬁ1
design goal frequencies to insure that removal of metal woulgl
have a chance of leading to a successful design. 2

The structure that resulted from the dual-band optimizatio
is shown in Fig. 9. The imposed symmetry is evident in the
structure unlike the broad-band case of Section IV.

Since the MoM results provide the surface current distribu-
tion on the patch antenna, it is an easy matter to calculate
the radiation pattern from the MoM results. The patterns
before and after optimization for the principle plane cuts are
presented in Fig. 10 at 3.0 GHz. Fig. 10(a) is a plot of the
¢ = 0° plane cut. Fig. 10(b) is a plot of theé = 90°
plane cut. As expected by virtue of the imposed symmetry,
the patterns are symmetrical with respect to 4haxis. Also
the antenna exhibits good cross-polarization performance at
broadside. That the pattern has improved is attributable to the
improvement in the match at 3.0 GHz with respect to the
original patch antenna. )

The dual-band optimized patch antenna was also mo&-
eled using finite-difference time-domain (FDTD). The FDTDZ
model had a finite ground plane and was fed with a coaxi
and wire feed similar to the method that would be used in an
actual antenna.

re

A. Measured Results of Optimized Patch Antenna

A prototype of the dual-band optimized antenna was con-
structed. The prototype patch was made out of 0.304 cm
copper foil cut to the dimensions determined by the GA

optimization. The patch was connected to and fed by a wi'gtlag

10.0 ¢

0.0

-10.0 r

-20.0 : - A
-90.0 -45.0 0.0 45.0 90.0

0 (degrees)
(@

10.0

0.0 |

-10.0 r

_20.0 1 1 1
-90.0 -45.0 0.0 45.0 90.0
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(b)

10. Principle plane radiation patterns of the original patch antenna and

feed which was connected to a SOSMA connector in the the dual-band optimized patch. (@)= 0° plane cut. (b)p = 90° plane at
ground plane. The ground plane consisted of a copper ck&af GHz (theE¢ components for) = 90 are below the plotted range).

fiberglass board 19.1 cm long and 15.2 cm wide. A photograph
of the prototype antenna is provided in Fig. 11.

The prototype antenna was tested by mounting the antenimaasured magnitudg11 data are presented in Fig. 12. Also
in the UCLA RF anechoic chamber. An HP-8510B Networklotted in Fig. 12 are the MoM and FDTD modeled magnitude
Analyzer was used to measure the input return 1885. The S11 results.
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Fi

g. 11. Photograph of the prototype dual-band GA optimized antenna.

Fig. 13. Several substructures of the dual-band patch antenna are readily
0.0 = . ' ' identifiable including: (a) the main body without holes; (b) the main body
e P - with holes; (c) the main body with the central tab; (d) the main body with the
P / two small tabs; (e) the main body plus the large and small tabs; and (f) the
complete dual-band antenna with tabs and holes.

50

provide an understanding of the final result and not the route
taken by GA/MoM to arrive at the result.

With some thought, a series of substructures can be readily
identified in the dual-band patch. These substructures include
the main body of the patch, the central stub, the two smaller
outside stubs, and the holes in the main body. Each of these
substructures was analyzed using MoM assuming an infinite
ground plane as before.

Fig. 13(a) and (b) are illustrations of the main body portion
50 of the dual-band with and without holes showing the triangular

MoM grid. Fig. 14 shows the magnitudgl1 results for the
Fig. 12. Measured and model¢d11| performance for the GA optimized main body of the dual-band patch. The analysis was conducted
dual-band antenna. with and without the holes. As can be seen, the main body
has a response that approximates the upper resonance of the

The measured and MoM modeled performance agree (@A/MoM derived antenna. The presence of the holes improves
markably well. The prototype antenna exhibited a slight shifioth the location and depth of the exhibited resonance. The
in the locations of the two operational bands. In the measurgfil1| performance of the complete dual-band patch structure
results, a peaks11| of —14.3 dB at 3.06 GHz ang-20.3 dB is provided for comparison in Fig. 14.
at 4.03 GHz. This represents less than a 60 MHz deviationNext, the effect of the large and small tabs was investigated.
from the goal at 3.0 GHz and less than 30 MHz at 4.0 GHEig. 15 is a plot of thg.S11| obtained from MoM analysis of
Moreover, the width of the match regions in the MoM resultghe two structures illustrated in Fig. 13(c) and (d). In the case
and the measured results for the prototype were in clog@ere the small tabs are present but the holes and central tab

-10.0

|S11] (dB)

-15.0

— - — MoM Model
-—-—- FDTD Model
Measured Prototype

-20.0 ! -
1.0 2.0 3.0

Frequency (GHz)

agreement. are absent [Fig. 13(c)], the resonance of the main body of
o . the patch is further enhanced and the resonance frequency is
B. Investigation of Dual-Band Patch Operation seen to be located at 4.0 GHz. The addition of the central tab

Having developed a working dual-band patch antenna, itW4thout the smaller tabs and the holes [Fig. 13(d)] moves the
interesting to consider how and why the structure produckgsonance to near that of the 3.0-GHz design frequency.
the observed characteristics. In this section, the details of anThe combined performance of the central tab, small tabs,
investigation into the performance of the dual-band patch a8d patch main body without holes is plotted in Fig. 16. Hav-
presented. The approach followed in the investigation wig the central tab and small side tabs present simultaneously
to attempt to identify and quantify the effects of variougroduces a pair resonance as observed in the optimized dual-
substructures that make up the dual-band patch. It shoblaehd. The resonance frequencies of the pair of resonances
be noted that the GA/MoM probably did not proceed in thare shifted approximately 100 MHz from the desired 3.0- and
manner described below. This investigation merely seeks4®-GHz design frequencies. It is only with the addition of the
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Fig. 14. MagnitudeS11 results for the main body with and without holesFig. 16. MagnitudeS11 results for the main body with both the central tab
compared to that of the complete dual-band patch antenna. the smaller tabs without holes, as shown in Fig. 13(e), and the results of the
complete dual-band patch structure, shown in Fig. 13(f).
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Fig. 15. MagnitudeS11 results for the main body with the central tab and Frequency (GHz)

the main body with the smaller tabs both without holes as shown in Fig. 13@9. 17. The GA/MoM results can be improved by slightly lengthening the
and (d). tabs and leaving out the holes.

holes that reson'ance at 3.0 and 4.0 GHz is flna”y aChieV% ultimate design by using GA/MoM. The design engineer
The goal is achieved at the cost of reduced levels of retugan then apply good engineering practice to tweak the design

loss match, however. for better performance.
The GA successfully discovered a solution that meets the
design goals but the performance shown in Fig. 16 indicates VI. CONCLUSION

that a better structure than that found by GA might, in fact, be An efficient method for the integration of GA optimization
possible. If the central tab is lengthened by 1.5 mm and t th MoM for patch antenna design has been presented. A
two side .tabs are Ien_gthengd by 1.0 mm a better resul_t thB‘N/IM method was introduced usingraothermatrix/structure
that obtained by GA is achieved. Th&11| performance in yields significant reductions in the GA optimization time
this case is plotted in Fig. 17. The resonances are at the des n MoM is employed in determining the fitness values.
3.0 and 4.0 GHz. The pegl§11]| is better than—-18 dB for Ga/MoM was applied successfully in the design of a broad-
both bands. band patch antenna. The broad-band patch antenna while
Of course, GA/MoM was only allowed to add or removgess than1/2 wavelength in extent exhibited greater than
patches of metal with preassigned dimensions. Changing %6 bandwidth although the pattern may not be suitable
size of the patches was prohibited due to thethermatrix for some applications. A second application of the GA/MoM
approach of GA/MoM. Of course smaller patches could hawgptimization of a patch antenna was also presented in which
been used. The ability of GA to find a solution that is close dual-band patch antenna was developed. The dual-band
to the goal makes it possible for the researcher to get closeptich antenna design was built and the impedance charac-
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teristics where measured. The prototype antenna impedanqiag D. E. Goldberg and K. Deb, “A comparative analysis of selection

performance and the predictions from the MoM analysis schemes used in genetic algorithm§bundations of Genetic Algo-
rithms San Mateo, CA: Morgan Kaufmann, 1991, pp. 69-93.

ggreed closely. FDTD analySi_S (_)f the dual-band patch yiem?ﬂ] D. E. Goldberg,Genetic Algorithms in Search, Optimization and Ma-
impedance performance predictions that also agreed well with chine Learning Reading, MA: Addison-Wesley, 1989.

the measured results. An attempt to understand the operafibh A J- Poggio and E. K. Miller, “Integral equation solutions of three-
’ dimensional scattering problems,” @omputer Techniques for Electro-

of the dual-band antenna was also presented. magneticsR. Mittra, Ed. New York: Hemisphere, 1987.
The resulting antenna structures produced by GA/MolA6] S.M.Rao, D.R. Wilton, and A. W. Glisson, “Electromagnetic scattering

perform well and are nonintuitive, perhaps even surprising, %zugarfss ;g;;bl'tga%;;‘al%eégﬁ Trans. Antennas Propagatol.

designs. The principle advantage in using GA/MoM is thai7] R. E. Hodges and Y. Rahmat-Samii, “An iterative current-based hybrid

the process largely automates the design of new integrated LNSGthOd ;CgSCgrpgleé Sl;trulCth;eSlEEE Trans. Antennas Propagatcol.
Lo o - . . pp. —276, Feb. .
antennas. In addition, the possibility of finding entirely neéWg) p.parhami, Y. Rahmat-Samii, and R. Mittra, “Technique for calculating

unanticipated antenna design is strongly evident in the nonintu- the radiation and scattering characteristics of antennas mounted on a

itive nature of the resulting designs. This opens the possibility e ground plane”irProc. Inst. Elect. Engvol. 124, pp. 1009-1016,

that the application of methods such as GA/MoM can pro-
duce rapid advances in the performance capabilities of small,
cost effective, integrated antennas for wireless communication
system application. J. Michael Johnson (M'97) received the B.S. and
M.S.E. degrees from the University of California,
Irvine, in 1980 and 1983, respectively, and the Ph.D.
degree in electrical engineering from the University
of California, Los Angeles, in 1997.
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