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Non-conventional Band-notched UWB Antenna
Design Based on Genetic Algorithm

Khelil Fertas, Soufiane Tebache, Fouad Fertas, and Rabia Aksas

Abstract—In this paper, an improved applied approach based on Genetic Algorithm (GA) for antenna design is
presented. It is basically useful to overcome electromagnetic interferences in UWB applications. First, an antenna in
the range 2.8 - 20 GHz including UWB band was designed by using GA, then the undesired WiMAX band (3.5-3.8GHz)
is rejected by optimizing appropriate Defected Ground Structure (DGS) filter. The proposed non-conventional filter
consists of a matrix of rectangular cell shapes where each one is allocated by presence or absence of metal. The process
is implemented in CST software using visual basic script. The method overcomes difficulties of conventional design.
Furthermore, the optimized shape can be automatically obtained without appealing expert designers. Simulated and
measured results demonstrate the effectiveness of the proposed design approach.
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NOMENCLATURE

GAO Genetic Algorithm Optimisation.
UWB Ultra Wide-Band.
DGS Defected Ground Structure.
VBS Visual Basic Script.
CST Computer Simulation Technology.

I. INTRODUCTION

Ultra Wide Band (UWB) antennas have been of great interest
in nowadays telecommunications systems. However, exten-
sive usage of UWB technology provides remarkable high level
of interferences between users. Hence, reducing interferences
requires a special treatment which can be achieved by incorpo-
rating band-reject filters in UWB antenna systems [1–4].
Filter optimization performance becomes very challenging as
long as it should satisfy various aspects such as high rejection
level in single or multi-band configurations, accuracy and ease
of integration in small devices. Consequently, various methods
were investigated to overcome this challenge [5–7]. In [5], tra-
ditional DGS technique is used in filter design. Authors in [6]
proposed a Tri-stopband filter using metamaterial cells.
It is worthwhile to point out that conventional methods based on
adding resonators or etching slots are almost time- consuming,
complex and hardly achieve desired requirements. To surmount
the disadvantage of using such techniques, a genetic algorithm
optimization (GAO) has been widely exploited in the microwave
and antenna applications [8–11].
GAO is an automatic method based on genetic concept. It is
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commonly used to solve optimization and search problems by
exploiting some biologically inspired operators known as muta-
tion, crossover and selection.
In this paper, a novel non-conventional defected ground struc-
ture (DGS) filter is proposed. It is designed for WiMAX (3.5-
3.8GHz) band rejection in wide-band antenna. The filter is
optimized by GA method where the initial code is developed
using visual basic script (VBS) which is integrated into CST
environment for electromagnetic simulations.

II. ANTENNA CONFIGURATION

The optimized antenna with non-conventional DGS filter is de-
picted in Fig. 1. It consists of two sides over a Teflon substrate
with relative permittivity εr = 2.4 and height h = 1.6mm. The
monopole antenna operating in the frequency band 2.8-20 GHz
is illustrated in Fig. 1(a). It is designed using the code developed
in [12], which is based on genetic algorithm optimization and
implemented on CST Microwave studio as a simulation tool.
The 50 Ω microstrip line is used to supply the antenna.

Fig. 1: Proposed antenna with non-conventional DGS fil-
ter. (a) Front view. (b) Back view. (Lf = 18mm,Wf =
3.1mm,Ws = 33mm,Ls = 43mm,Wp = 20mm,Lp =
20mm).

Further, the effectiveness of the method is studied and ex-
tended in order to reject some intentionally undesired frequency-
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bands in the UWB. The process consists of optimizing a non-
conventional DGS filter as seen in Fig. 1(b). The filter is made of
a matrix of rectangular cell shapes where each one is allocated
by presence or absence (slots) of metal , which are translated to
binary code “1” and “0”, respectively. The dimension of each
rectangle is set to 0.5 x 4 mm2.
In order to find the best configuration, the GAO changes the
pixel position in the area of DGS filter (situated at high current
distribution location). Consequently, the current distribution is
also modified according to the pixel distribution for suppressing
undesired bands.
The code developed, based on different steps, is applied with
optimization fitness value of multi-objective function, to achieve
good rejection (good impedance mismatch) of S11 in frequency
band [3.5 - 3.8 GHz] that correspond to WiMAX standard. The
first step consists to generating a random population of matrices
corresponding to different shapes of the design where pixels are
coded (either 1 or 0 value for presence/absence of the conductor
respectively). In the second step, the generated populations are
simulated so that the reflexion coefficient should satisfy the filter
condition around the desired band. Then, the next generation is
formed from the previous one with changes in pixel position in
the area of DGS filter. This process is iteratively repeated until
the satisfaction of the stop criterion (cost function) correspond-
ing to the optimal solution.
The cost function of multi-objective problem is applied to attain
good matching of the reflection coefficient (|S11| < −10dB) in
the desired bands (3 – 3.5 GHz & 3.8 – 20 GHz) and impedance
mismatch (|S11| > −10dB) in the rejected WiMAX frequency
band (3.5 – 3.8 GHz). Moreover, the properties of the GA,
applied in this case, are the following: initial population set con-
sists of twenty (20) elements. The best cost functions are used
to generate the novel population. The probability of crossover
is 100% from the best selected and the single point crossover
technique is used with mutation probability equal to 0.1%.
Compared to conventional methods, designers optimize all filter
parameters with adding, in most cases, extra components in the
cost of bulk and size [13–15].

III. RESULTS AND DISCUSSION

A. Simulation

The simulated reflexion coefficient |S11| of the wide-band an-
tenna with and without non-conventional DGS filter is shown
in Fig. 2. It is clearly noticeable that the DGS has effectively
rejected the WiMAX band centred at 3.7 GHz. This result
highlights the capability of the GAO to overcome optimization
challenges.
To furthermore validate the proposed approach, the study of
surface current distribution is carried out. The simulated cur-
rent distribution is illustrated in Fig. 3, for resonant frequencies
of 3.7 GHz (rejected frequency) and 6 GHz. One can clearly
observe, from this figure, the effect of incorporating the non-
conventional DGS filter where currents are concentrated around
the filter part as seen in Fig. 3(a) corresponding to the rejected
frequency (3.7GHz). In this case, the antenna does not radiate
and the currents are trapped by the filter. When comparing to
Fig. 3(b), we can conclude that the filter does not disturb the
frequency 6 GHz, which is radiated by the antenna.
For more emphasis, the gain variation is shown in Fig. 4. It’s
obvious that the filtering effect is achieved at the rejected fre-
quency of 3.7 GHz where the gain decreases drastically from

Fig. 2: Simulated |S11| with and without DGS filter.

Fig. 3: Surface current distributions at (a) 3.7 GHz (b) 6 GHz.

4.4 dB to less than -14 dB.
Beside, the radiation pattern of the proposed design is investi-
gated. Simulated radiation patterns before and after DGS filter
optimization are shown in Fig. 5 and Fig. 6 respectively, at dif-
ferent frequencies 3GHz, 5GHz and 13GHz. It is seen that the
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Fig. 4: Gain of the antenna with proposed DGS filter.

pattern is omnidirectional in H-plane (Phi = 0◦) and takes the
eight shape in the E-plane(Phi = 90◦) which is similar to that
of a simple monopole in the lower band (3 and 5GHz). In the up-
per band (13GHz), the pattern is somehow distorted, this is may
due to the excitation of higher modes. Moreover, it is observed
that radiation patterns before and after DGS filter optimization
are quasi-similar. This demonstrates that the optimized filter did
not affect the radiation.

Fig. 5: Simulated 3D radiation pattern at 3GHz, 5GHz and
13GHz, before DGS filter optimization.

B. Measurement

In order to validate experimentally the proposed approach, a
prototype of the antenna is fabricated and measured as seen in
Fig. 7.
Fig. 8 depicts the simulated and measured reflexion coefficient
S11-Parameter of the proposed antenna with non-conventional
DGS filter. It is well noticed that the WiMAX band centered at
3.7 GHz is effectively rejected. Moreover, simulation and mea-
surement are in quite agreement with a small noticed discrep-
ancy in high frequency (starting from 17GHz) where measured

Fig. 6: Simulated 2D&3D radiation pattern at 3GHz, 5GHz and
13GHz after DGS filter optimization.

Fig. 7: S11 and pattern measurement testbed (a) Network ana-
lyzer (b) Anechoic chamber.

Fig. 8: Simulated and measured reflexion coefficient S11-
Parameter of the antenna with non-conventional DGS filter.

S11 exceeds slightly -10dB, contrary to simulation. This dis-
crepancy may due to fabrication tolerances, variation in relative
permittivity of the substrate in such high frequencies, measure-
ments conditions (S11 measurements were carried out outdoor
of anechoic chamber) and the use of SMA connector with max-
imum frequency of less than 18GHz. Although this small dis-
crepancy, it can be confirmed that the proposed approach is
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Fig. 9: Measured radiation pattern at 3GHz, 5GHz and 13GHz
after DGS filter optimization.

practical and easily applicable. Further, Radiation pattern of the
optimized antenna was measured in LEME Laboratory (Paris
Nanterre University) anechoic chamber as depicted in Fig. 7(b).
Obtained results at 3GHz, 5GHz and 13GHz are shown in Fig. 9.
It is observed that patterns are almost similar to conventional
monopole antenna as they are quasi-omnidirectional except for
the higher frequency of 13GHz, where distortions, due to higher
modes, are observed. It can be then stated that the DGS filter
did not affect the radiation of the proposed antenna.

IV. CONCLUSION

In this paper, a new approach to optimize a non-conventional
DGS filter based on GA for wide-band antenna is presented.
The main advantage of this method is the ability for automati-
cally providing DGS filter structures to cancel some undesired
bands. Hence, the WiMAX band (taken as example) is success-
fully rejected by using the proposed approach. The GAO code
is developed under VBS and implemented in CST Microwave
software. Measurement and simulation results confirm the ef-
fectiveness of the proposed approach which is also practical and
easily applicable.
The future perspectives of our present work are the optimization
of reconfigurable DGS filter in order to reject several bands.
Consequently, the proposed antenna will demonstrate advanced
flexibility in term of frequency functionalities.
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