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ABSTRACT: A circularly polarized quadrifilar helical antenna, operated
at 2.4 GHz and intended for applications in satellite mobile communica-
tions, is designed using genetic algorithms (GA). The antenna was firstly
considered as a test on an infinite ground plane and then optimized further
on small size handsets. The performance of the optimized antenna design
was analyzed using commercial simulators in terms of impedance match,
axial ratio, and gain. Results for the optimal antenna met the design objec-
tives subject to certain parametric constraints. The design shows the capa-
bilities of GA as an efficient optimization tool for selecting globally optimal
parameters to be used in simulations with an electromagnetic antenna de-
sign code, seeking convergence to specific design specifications. © 2009
Wiley Periodicals, Inc. Microwave Opt Technol Lett 51: 2668–2671, 2009;
Published online in Wiley InterScience (www.interscience.wiley.com).
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1. INTRODUCTION

Genetic algorithms (GA) are random search methods based on the
principle of natural selection and evolution [1]. An approach of
using GA in conjunction with an electromagnetic simulator has
been introduced for antenna designs and has become increasingly
popular as presented in [2]. For example, GA was applied to
design wire antennas [3, 4] and microstrip antennas [5, 6]. The
benefit of applying GA is that they provide fast, accurate, and
reliable solutions for antenna structures.

A quadrifilar helical antenna (QHA) is a very attractive
candidate antenna for satellite mobile handsets because of the
symmetry of their geometry, properties of balanced feeding,
and their ability to provide circular polarization over a broad
angular region [7].

Presented in this article are results of a study in which GA
are applied to design and optimize QHAs for inclusion in a
small size satellite mobile handset for circular polarization. The
optimal solution of the antenna structure derived using GA
was constructed and examined in detail against the simulation
results.

2. GENETIC ALGORITHM

The GA driver, written in Fortran, was adopted in this work in
conjunction with the industry-standard NEC2 Fortran source
code, which was used to evaluate the randomly generated
antenna samples [8, 9]. A QHA was proposed for optimization
with GA. In this instance, real-valued GA chromosomes were
used. Antenna parameters such as the VSWR and axial ratio
(AR) are optimized at 2.44 GHz operating frequency. Each
antenna sample was computed using NEC2 source code and its
results were compared with desired fitness using the following
cost function ‘F’:

F � W1 � �1/VSWR� � W2 � A1R1 (1)

where

VSWR � �1 � ��/�1 � �� � � ��Zin � 50�/�Zin � 50��

VSWR is the voltage standing wave ratio, AR is the axial ratio, Zin

is the input impedance, � is the reflection coefficient and W1 and
W2 are the weighting coefficients. The objective was to maximize F.

The GA was applied using the following procedure: The GA
randomly chooses the initial population and then converts each
antenna configuration to a file which can be read by NEC2. The
NEC2 program is executed and the results will be fed back to GA
for the evaluation process. This will continue till GA converges to
an optimum solution.

3. ANTENNA DESIGN USING GA

In general, the proposed antenna is firstly tested on an infinite
ground plane and then optimized further on small size handsets.
The attained optimal antenna geometry and GA parameters
including the handset are presented in Figure 1 and Table 1. The
figure also shows the hybrid circuit used to correctly feed the
four arms of the QHA antenna with equal amplitude voltages
and four phases (these are 0°, 90°, 180°, and 270°) [10]. The
maximum practical errors found on the amplitudes and phases
of the hybrid were �0.05 dB and �1.5°, respectively, over 10%
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relative bandwidth of 2.4 GHz. Table 1 presents the GA input
parameters, their constraints and the optimal values for each
specified parameter of the design geometry. These results in-
clude the study of the QHA on an infinite ground plane and a
handset box. It has to be noted that the two weighting coeffi-
cients W1 and W2 are optimally found to be 0.5 and 0.75,
respectively, for optimum design after a few tries, as illustrated
in Table 2. It presents the comparative results of VSWR, AR,
and Fitness as the values of the weighting coefficients are
varied. Within the maximum number of generations, the values
of maximum fitness function for QHA design reach about 1.03.
Moreover, a comparison of maximum fitness versus generations
of different combination choice of the two weighting coeffi-

(a) (b) (c)

Figure 1 Geometry of the proposed QHA antenna (a) The NEC2 model, (b) internal view of the completed assembly, (c) overall completed assembly.
[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com]

TABLE 1 Summary of GA Input Parameters, Antenna Variables and Best Solutions

GA parameters

QHA design on infinite ground QHA design on the handset

Parameters (m) Optimum values (m) Parameters (m) Optimum values (m)

Number of population size � 4 Pitch distance (0.01–0.04) 0.03998 Pitch distance (0.01–0.048) 0.04494
Number of parameters � 4 Axial length (0.05–0.12) 0.05649 Axial length (0.05–0.12) 0.05185
Probability of mutation �0.02 Radius at the bottom (0.005–0.01) 0.00982 Radius at the bottom (0.005–0.015) 0.01367
Maximum generation �50

(infinite ground), 250
(handset)

Radius at the top (0.01–0.02) 0.01871 Radius at the top (0.01–0.02) 0.01904

Number of possibilities�32768 Radius of wires 0.0005 Radius of wires 0.0005
Distance above handset 0.005

TABLE 2 Comparative Results of VSWR, AR, and Fitness as
the Values of the Weighting Coefficients Are Varied

Weighting
(W1, W2) 0.2, 0.85 0.3, 0.75 0.4, 0.75 0.5, 0.75

VSWR 1.74531 1.66912 2.03473 1.49462
AR 0.92561 0.92665 0.98089 0.92493
Fitness 0.90064 0.87472 0.93266 1.0282 Figure 2 Maximum fitness versus generations (four populations in each

generation)
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cients is shown in Figure 2. The value of best fitness for the cost
function tends to reach an optimum solution after around 150
generations. Figure 3 presents the progress of best fitness and
average fitness against the number of generations for some
selected values of weighting coefficients.

After achieving the first design goal on an infinite ground,
the design of QHA with a small size handset was carried out.
The handset dimensions for this study were selected to be 20 �
50 � 100 mm2. The GA input parameters were kept unchanged,
but some of their constraints and the maximum number of
generations were adaptively altered for maximizing the cost
function in turns of the VSWR and AR, as demonstrated in
Table 1. It is notable that in order to ensure that the antenna is
properly connected with the top plane of the handset, a wire
with 5-mm length from each of the selected feeding points on
the handset was added and then the antenna was designed and
optimized on these extended wires. The maximum value of the
cost function was found to be 1.12, using the same weight
coefficients considered on an infinite ground.

4. RESULTS AND DISCUSSION

Configurations of optimal proposed QHA antenna, with ex-
cellent VSWR and AR, were found within the maximum gen-
erations; antenna parameters of the best designs are shown in
Table 1.

The voltage standing wave ratio (VSWR) at the input ports
1 and 2 (be noted ports 3 and 4 are similar) of the proposed
circularly polarized antenna were calculated and measured over
the targeted frequency band [11], i.e. ISM2400 band, from 2400
to 2485 MHz, as elucidated in Figure 4. The narrow bandwidth
of the designed antenna bandwidth was not considered in the
GA cost function, but the optimal antenna appears to have an
excellent impedance matching that covers the bandwidth re-
quirements at 2.4 GHz for satellite mobile communications.
Both the simulated and measured VSWR are in good agree-
ment.

Figure 5 illustrates the measured axial ratio of the proposed
antenna against the elevation angle � at 2350, 2400, 2420, and
2450 MHz for two vertical planes at constant � � 0° and � �
90°. As can be observed, the proposed antenna shows � 90°

elevation angle variations for an axial ratio less than 4 dB. The
observations confirm the superior circular-polarized character-
istic for the proposed antenna over a wide elevation angle.
Figure 6 depicts the far field patterns of the proposed antenna at
2400 and 2450 MHz for two planes similar to those plotted for
the AR measurements. As can be observed, symmetrical and
identical variations were obtained for all the radiation patterns.
The maximum gain of the antenna is found to be around 6 dBi
over the ISM2400 band.

5. CONCLUSION

An efficient GA optimization technique, for designing a circu-
larly polarised QHA built on a small mobile handset, has been
presented. The performance of the best selected antenna
structure was validated and compared using a commercial EM
simulator and measurement. The results confirm that an axial
ratio of less than 4 dB over � 90° elevation angle can be
achieved with acceptable 6 dBi power gain. The GA has
proven its advantage in quickly finding solutions for antenna
designs.

Figure 3 The progress of best fitness and average fitness for W1 and W2

are 0.5 and 0.75, respectively

Figure 4 Computed and measured VSWR of ports 1 and 2 against the
operating frequency

Figure 5 Measured axial ratios in dBs against the elevation angles
for four different frequencies at two vertical cuts: � � 0° and
� � 90°
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ABSTRACT: In this work, the performance and capacity of both 60 GHz
ultrawide-band (UWB) and multiple-in multiple-out (MIMO) channels are
analyzed based on experimental channel models and specifications for milli-
meter-wave wireless personal area networks (WPANs). In the analysis of 60

(a)

(b)

Figure 6 Measured gain radiation patterns of the proposed antenna at (a) 2400 MHz and (b) 2450 MHz, for two vertical planes � � 0° (left) and � �
90° (right). ‘x-x-x’ measured Cross-polar pattern; ‘o-o-o’ measured Co-polar pattern
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