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Design of a Loaded Monopole Having
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Genetic Algorithm
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Abstract—A genetic algorithm is used to design a monopole
loaded with a modified folded dipole so that it radiates uniform 0.05-0 5%%}'
power over the hemisphere. Each of the wires that make up the (0.05 - 0.50)
antenna are given a range of possible lengths. The genetic algo- < [ ¢=0°—>

rithrr_1 rand_omly selects a sample popL_JIation of possi_ble antenna (0.01 - 0.10)A " (0.05 - 0.50)A
configurations from the total population of all configurations. 731l X1

The radiation pattern of each sample configuration is computed 1122
using the numerical electromagnetics code (NEC). The solutions X2 | (0.01 - 0.10)A
are compared with the desired pattern and ranked in terms of (0.05-0.50 71 ) '
performance. The best solutions are retained and mated with one ﬁ (0.03 - 0.35)A

another and the process is repeated until an optimal solution is
obtained. The genetic algorithm quickly produced an antenna / .

that has a nearly uniform power over the hemisphere. Although Plane

the antenna was designed to operate at a frequency of 1.6 GHz, it

performed satisfactorily over the frequency range from 1.4 to 1.8

GHz. The antenna was fabricated and the computational results Fig. 1. Monopole antenna loaded with a modified folded dipole. Numbers

were verified experimentally. We have shown that the genetic In Parentheses indicate initial range of lengths.

algorithm is a very powerful tool for designing wire antennas; it . . .
is expected that this process can be used to design any antenndnonopole design (described later) showed this approach to be
that can be analyzed using an electromagnetic code. reasonable.

To apply the GA, the following procedure is used. Each
of the wires that make up the antenna is designated to have
a range of possible lengths. The GA randomly selects a
l. INTRODUCTION sample population of possible antenna configurations from

MONOPOLE loaded with a modified folded dipole (aghe total population. One by one, the GA program converts

seen in Fig. 1) has been previously investigated. It w&&ach configuration from its internal representation (explained
shown that when the inserted folded element is approximatdfythe next section) to a file that can be read by the numerical
0.1\ above the ground plane and the height of the monopdHectromagnetics code Version 2 (NEC2) [4]. The GA then
is about 0.33, then the G-pattern in the plane of the foldedcalls the NEC2, which computes the sample's radiation pattern
element approaches hemispherical coverage [1]. In this pag¥id places the results in an output file. The GA program reads
a genetic algorithm (GA) [2], [3] is utilized to optimize the output file and the radiation pattern is compared with the
the above configuration for uniform power throughout thedesired pattern and scored. After all the configurations have
hemisphere. been given a score they are ranked according to performance.

It is of interest to discuss the reasons to use a GA to perfofﬂ‘]e best results are retained and mated with one another; the
this optimization instead of a more classical approach likeP@orer results are discarded. This process is repeated until
gradient-based method. The GA method is robust: it is n@@ optimal solution is reached. This configuration is then
likely to be stuck in local minima and it requires no initiafabricated and tested.
guess at the final solution. Classical approaches need a starting
point that is reasonably close to the final solution, or they
are likely to be stuck in local minima. In situations where To implement the genetic algorithm it is necessary to select
there are few, if any, local minima, or where a good initiad Set of possible lengths for each wire of the loaded monopole.
guess is easily obtained, classical approaches will be mdkés important that each range of lengths be large enough such
efficient than the GA method. We chose to use the GA #at the optimal length is likely to be included, yet not too large
our first attempt at automated optimization and it seemed 3gch that the number of computations becomes unmanageable.
be a very suitable application. Further study of the loadédso, the GA requires the range of lengths for each wire to be
broken into an integral number of different possible lengths

Index Terms—Antennas, genetic algorithms.

Il. APPROACH
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Each wire is represented by a 5-bit string and thus has 32
possible lengths. We chose 5 bits per wire because it gave a

TABLE |
OPTIMAL DIMENSIONS FOR MONOPOLE ANTENNA
LOADED WITH A MODIFIED FOLDED DiPOLE

resolution (i.e., a lower bound on the smallest change) of 0.014

)\ to 0.003) (depending on the wire) which was on the order of—Name Vg“é%ég‘) Vg"(‘)‘;g%)
our fabrication tolerance. We stayed with five bits because ott—7 0.0856 0.4565
results were very good. If we had not seen adequate results,we z» 0.0024 0.0128
would have increased or decreased the resolution. Increasing X2 -0.0284 0.1515
the resolution would have been valuable if the bandwidths Z3 0.0079 0.0421
were narrow and we needed to finely tune the wire lengths; 0.0236 0.1259
but would have increased the size of the search space and - —
made the GA’s job more difficult. Decreasing the resolution #=0(dot) £=1600MHz
would have enabled the algorithm to search the space more . 5| oot .
quickly and/or more exhaustively (since there would be fewer @) | T B
solutions to choose from), but there would be a risk that good ol , X}\/
solutions would no longer exist in the coarser search space. \/
Since we found good solutions with the 5-bit resolution, we = /' AN
did not see a reason to change it. /[ / N
Since six wires define the shape of the loaded monopole, doll N,
each configuration is represented by a 30-bit binary string 90 -70 -50 -30 —109(égg)30 50 70 90

(called a chromosome). Thus, there af® possible config-
urations. For our initial population the GA randomly selectefig. 2. Computed E, E;, and Er fields in 6-plane for¢ = 0°, 45°, and
150 samples. The radiation pattern of each of these sampigsa 1.6 GHz
was computed using NEC2, compared with the desired pattern.

(uniform gain over the hemisphere) using a cost functic}il'f'e'd
containing a least-mean square criterion and ranked according

to performance. We chose to retain the top 50% of the

solutions, destroying the rest. The resulting 75 configuratiomgés calculated. The loaded monopole was mounted over a
were then mated. The mating is accomplished by creatingl2 m x 1.2 m ground plane and fed from a coaxial line.
weighted “roulette wheel,” where better-performing chromdsince we were primarily interested in the directivity of the
somes are given a proportionately larger share of the wheshtenna we did not attempt to measure its absolute gain or
For each new offspring, the wheel is “spun” twice to seledput impedance.
two parents. The selected pair of chromosomes are divided

at a randomly selected crossover point. The new offspring

chromosome contains the genetic code from the first parentl_he genetic algorithm quickly (i.e., in a matter of a couple

until the crossover point, after Wh'Ch the gen_et|c co_de Comﬁgurs) produced a configuration that had a nearly uniform
from the se-con-d parent. The r.“?““g Process Is continued u ti5lvver pattern over the entire hemisphere. This somewhat odd
the DOP‘_J'a“O” is back to 'ts, original size of 150 chromospm §T1ape would probably not have been arrived at analytically;
In addition, random mutations occur in the new offSpring gfe optimal dimensions for the loaded monopole are shown in
they occur in “real” genetics. Mutation is accomplished DY e | |t is hard to believe that this asymmetric structure
randomly flipping a bit from 0 to 1 (or 1 to 0) in 0.0% 10,64 ces near uniform coverage. Radiation patterns were
0.9% of the bits in the new generation. This mutation allo"‘fﬁ)mputed for a set of & E,, and B (also denoted E) cuts
the algorithm to search for an even better solution than jis e - plane for 10 intervals ing. The maximum difference
available in the current genepool. The 75 new solutions &gween the maximum and minimum total fields for the whole
evaluated and ranked, after which the selection and matiRgmisphere was less than 1.25 dB. An example of these results
process is completed again. The cycle of mating, mutating,shown in Fig. 2 where we plot the; EE,,, and E fields for
and evaluating is repeated until it converges to a solution. ¢yts in thed-plane corresponding to azimuth angles &f46°,
After running the GA, the optimal configuration is themnd 90; ¢ = 0° being a cut in the plane of the folded element
subjected to a more complete NEC analysis. Our initial coghile ¢ = 90 is a cut in the plane orthogonal to the folded
function was limited to threé-plane cuts corresponding & element. Note that theé = 0° cut has only an [ component
angles of O (in the plane of the folded element),4&nd 90, whereas thep = 45° and 90 cuts have both the Fand E,
and a single frequency of 1.6 GHz. The final computationmponents. It is seen that the total field is nearly uniform
were done for intermediate angles and for frequencies framall directions as was the case for the intermediate angles.
1.4 to 1.8 GHz. The NEC output provided input impedanc&he computed input impedance was 133229 ohms. (As
current distribution and £ Eg, and B fields over the noted in the previous section, we did not attempt to optimize
hemisphere. the impedance in this case—we were interested primarily in
The antenna was then fabricated and tested.afid E, the far-field gain pattern. However, future optimizations could
radiation patterns were measured in an indoor range. The taakily include impedance in the cost function.)

Ep = \/(E+E2)

lll. RESULTS
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Fig. 3. Computed E field in #-plane for¢ = 45° at frequencies from 1.4 Fig. 5. Measured E field in 6-plane for¢ = 0°, 45°, and 90 at 1.6 GHz.
to 1.8 GHz.

10
10 — v ﬁwrx\gog:\fnz
f= 1600MHz sl L |
| $=45° | /““/J{Q/de Wi SN ;
Gain 2 = Er _~—_"\ e P Gain PN \\\/:;K N )
(dB) N /T—/\ ™ N 0 1600 %
.5t ¢=450
S E?,mﬁ\‘
! Aol o e
qol 90 70 -50 -30 -10 10 30 50 70 90
90 -70 50 -30 -10 10 30 50 70 90 0 (deg)

0 (deg.)
8 Fig. 6. Measured £ field in §-plane for¢ = 45° at frequencies from 1.4

Fig. 4. Measured g E,, and E fields in6-plane for¢ = 45° at 1.6 GHz. to 1.8 GHz.

Finally, the frequency dependence of this antenna Wg})e process; the initial population is selected randomly as are

examined. The E E., and E- patterns were computed féF the crossover points for mating the chromosomes. As there
plane cuts correspoqr:’ding fo=0°, 45°, and 90 in increments are over one billion possible configurations it is, therefore, not

of 50 MHz over the range from 1400 to 1800 MHz. In Fig. 3surprising that we see similar but not identical designs.
the computed results are plotted for= 45° for increments We further investigated the loaded monopole search space to

of 100 MHz. It is seen that the maximum variation in IOOWegetermine the suitability of a GA as opposed to more classical

gain over the hemisphere over a 25% frequency range is Oﬁwtho_ds (e.g., gradient methods) of thimization. This study,
about 6 dB. involving over 65000 NEC2 runs which spanned the whole

The optimal wire configuration was fabricated and testegPace has revealed many local minima and a great deal of
Since the antenna was handmade out of coat-hanger wire f8€rdependence between the unknowns. The presence of these
mm diameter) the dimensions of the test antenna approximalg?! Minima (most of which are not very good) heightens
those of the computed antenna to abgyt- 1 mm. Radiation the importance of the initial guess in a classical optimization.
patterns corresponding to the computed patterns shown{RWEVer, as we have shown, the final shape of the antenna
Fig. 2 were measured. The; EE,,, and E- components are is not what an engineer would expect or probably try as an
shown in Fig. 4 for thep = 45° g-plane cut. The computedinitial guess. Moreover, our study has shown that symmetric
and measured patterns are similar except for the ripples #Hgennas do not perform as well as asymmetric antennas. The

loss of signal near the horizon; these effects are due to tHQ'® intuitive initial guess of a symmetric antenna would then
finite ground plane. Computed énd measured patterns fer probably lead to suboptimal results in a classical optimization.
0° and 9G cuts wére also in good agreement A robust search technique that does not require an initial guess

The measured total field patterns are shown in Fig. 5 for c@8d IS not as likely to get stuck at local minima (like the
in the-plane corresponding to anglesf= 0°, 45, and 90. GA) is probably_ necessary to effectively and quickly find good
Note that the total field varies by less than 4 dB over nearly tﬁglunons for this kind of problem.
entire hemisphere. TheyEand E, fields were also measured
over the range from 1.4 to 1.8 GHz and the corresponding E
field was calculated. In Fig. 6,4Eis plotted for¢ = 45° for We have shown that the GA is a very powerful tool for
increments of 100 MHz over this range. As for the computetksigning wire antennas. Used in conjunction with the NEC we
results the maximum variation in power over the hemisphewneere able to design a wire structure—a loaded monopole—that
(except for very low elevation angles) was about 6 dB. radiates nearly uniform power over the hemisphere. We are

The GA was repeated a number of times for the loadedt aware of another antenna with a single input that provides
monopole. It is interesting to note that it never produced idethis coverage. This process uses a deductive approach; that
tical configurations, however, they were usually very similas, the desired electromagnetic properties are specified and the
in shape and performance. This is due to the randomnesswine configuration that most closely produces these results is

IV. SUMMARY
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