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We propose the design of a novel fractal antenna that is both unique and performance-driven. Two important antenna design
features, miniaturization and wideband operation, are combined in this work. A ring-shaped antenna is designed using the well-
known fractal geometry.*is hybrid geometry is a fusion of meander and Koch curve shapes.*e geometrical construction of the
proposed antenna is compared to the standard Koch curve geometry. It is shown that combining the meander and Koch curve
shapes increases the effective electrical length.*ewider bandwidth is achieved by bringing the higher modes together.*e overall
dimensions of proposed meander Koch curve fractal ring antenna are 45× 25×1.6mm3. *e resonance frequency of the antenna
is between 4.94 and 6.12GHz (% BW� 21.83), which covers the entire 5GHzWLAN band.*e prototype has been fabricated and
experimentally verified.

1. Introduction

*e advancement of wireless communication technology
has raised the bar for modern living. *e sophisticated
devices have brought a great degree of freedom to the
conventional stationary working styles. *e demand for
data-hungry applications and multimedia streaming videos
has given rise to the improved quality of service (QoS) in
wireless communication systems. Antenna, an essential part
of wireless communication system, must respond to the call
of QoS improvement by enhancing its performance by
aiming wide bandwidth, high gain, reduced return loss,
omnidirectional radiation pattern, low cross-polarization,
and reduced cost for fabrication. Fractal geometry has a long
history; since its inception, fractals have been practically
deployed in various technical fields. Mandelbrot introduced
the term fractal from the Latin word “Fractus” in 1975 [1, 2].
Fractals shapes are nowhere differentiable as they are re-
sultant of a recursive process. *e increased bandwidth has
been linked to fractal geometry’s self-similar, convoluted

and jagged structures. Additionally, fractal geometry is used
in antennas because of its unique properties, including small
size and multiband/wideband behavior [3]. Numerous re-
searchers have advocated incorporating fractal geometry
into their antenna research. Several antenna geometries have
been examined, including Koch, Cantor, Sierpinski, fractal
tree, and Minkowski. In [4], an octagonal Fractal microstrip
patch antenna with a superwideband bandwidth range of
10GHz–50GHz has been presented. For numerous appli-
cations such as PCS, WLAN, WiFi, WiMax, and other
communication systems, a Koch-like fractal curve has been
proposed [5]. A Pythagorean tree was placed in a T-patch to
form an ultrawideband (UWB) antenna [6]. Grounded
coplanar waveguides have been used to enhance the
bandwidth of conventional Sierpinski carpet antenna [7].
Additionally, various fractal shapes have been used to im-
prove the properties of the dielectric resonator antennas
[8–13].

Numerous fractal geometries have been combined to
enhance the properties of fractal antennas such as

Hindawi
International Journal of Antennas and Propagation
Volume 2022, Article ID 6136916, 8 pages
https://doi.org/10.1155/2022/6136916

mailto:atif.jamil@duet.edu.pk
https://orcid.org/0000-0003-2527-2275
https://orcid.org/0000-0001-6542-1170
https://orcid.org/0000-0003-3460-987X
https://orcid.org/0000-0001-5747-4635
https://orcid.org/0000-0002-1457-9514
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6136916


multiband/wideband operation and size reduction. Using
Koch curves as inductive loading and Sierpinski carpet as a
slot loading, the resonant frequency and the size of a patch
antenna can be reduced, as shown by experiments in [14].
Fractal shapes have been modified to alter the character-
istics of the antenna which are driven by the shape of
antenna. A perturbed Sierpinski fractal antenna with
slotted ground plane has been proposed for GSM/DCS/
PCS/IMT-2000/ISM/satellite DMB bands [15]. For a
WLAN USB dongle, the hybrid meander-Koch monopole
antenna was presented in [16]. *e antenna is multiband-
capable, operating throughout the whole IEEE 802.11 a/b/g
spectrum. In [17], a UWB antenna based on Giuseppe
Peano and Sierpinski carpet fractal geometries was pro-
posed. Two different fractal antennas have been fused to-
gether to design a multiband antenna for Wi-Max and
C-band applications [18]. A multiband hybrid fractal
antenna based on Koch–Minkowski geometry has been
developed for use in a variety of wireless applications [19].
A report on the construction of a hybrid fractal antenna
comprising Giuseppe Peano, Cantor set, and Sierpinski
carpet for industrial, scientific, and medical (ISM) band has
been presented in [20]. A hybrid fractal antenna based on
Moore, Minkowski, and Koch curve for multiband appli-
cations such as Wi-Fi, Bluetooth, and Wi-MAX has been
reported in [21]. A hybrid fractal antenna with a defected
ground structure (DGS) was optimized for S, C, and X
applications using artificial neural networks (ANNs) [22].
An ultrawideband hybrid fractal antenna based on Koch
and Sierpinski Fractals has been reported in [23]. Using the
well-known Minkowski and Hilbert curves, a hybrid fractal
antenna has been designed [24].

In this paper a hybrid Fractal antenna geometry has
been proposed for 5 GHz WLAN band. *e antenna has
been constructed by merging the meander and Koch curve
geometries. *e antenna has been experimentally studied
to optimize its performance impedance bandwidth. *e
proposed antenna has been designed to operate in the
IEEE 802.11a (WLAN) i.e., 5.15–5.825 band. *e antenna
prototype has been physically analysed and the actual
measurement results have been found to be in good
agreement with the simulation results. *e simulation and
measurement results indicate that the proposed antenna
can achieve an impedance bandwidth of more than 1 GHz
at –10 dB scale. *e configuration of the proposed antenna
has been described in Section 2. Section 3 presents a study
on the parametric optimization of the proposed meander-
Koch Fractal ring antenna. Experimental results have been
presented in Section 4. *e conclusion follows in Section
5.

2. Antenna Design

Figure 1 illustrates the suggested antenna design. *e hybrid
meander-Koch Fractal ring antenna measures 45× 25mm2

in total and is printed on top of FR-4 dielectric substrate.*e
dielectric substrate has a height of h� 1.6mm and a relative
dielectric constant of εr � 4.34. *e antenna is fed with a

microstrip transmission line terminated with a 50Ω feeder.
*e proposed antenna has a ground plane on the opposite
side of the radiating hybrid meander-Koch Fractal ring
element.

*e construction of the hybrid meander-Koch Fractal
ring antenna is defined by using the iteration function
system (IFS) algorithm [25–30]. To justify the complex
design and construction of a new Fractal shape, the proposed
hybrid meander-Koch Fractal antenna’s generator is com-
pared to that of a standard Koch curve Fractal antenna. *e
shapes are compared according to their ability to increase
the effective electrical length.

2.1. Construction of Standard Koch Curve Using IFS.
Helge von Koch, a Swedish mathematician, invented the
standard Koch curve geometry in 1904 [28]. *e standard
Koch is constructed using the initiator-generator method.
As illustrated in Figures 1(a)–1(c), this method applies
several transformations to a straight line in order to convert
it to a Koch shape. A straight line (initiator) is divided into
three equal sections, with the middle section further sub-
divided into two equal sections. *e resultant shape is called
the generator, and this procedure can be repeated to achieve
the higher iterations.

*e IFS algorithm is used to construct the standard Koch
curve shown in Figures 1(a)–1(c). *e IFS is formed by the
set of affine transformations to generate the standard Koch.
In its construction, it is assumed that a straight line of unit
length is placed along the x-axis with its left end placed at the
origin. *e transformations used to construct the Koch
curve antenna’s generator are as follows:

(a) (b) (c)

Figure 1: Generation of a standard Koch curve geometry. (a) First
iteration, (b) second iteration, (c) third iteration.
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*e generator is obtained by combining the segments as

A1 � W(A) � W1(A)∪W2(A)∪W3(A)∪W4(A). (2)

*e procedure described previously can be used to
generate iterations of higher order. To generate self-similar
geometry, the distance between the start and end points of all
iterations must be the same. *e dimensions of self-simi-
larity are calculated as

D �
log 4
log 3

� 1.2618. (3)

*is implies that four identical copies are scaled by a
factor of three during each iteration.

2.2. Construction of Hybrid Meander-Koch Curve Using IFS.
Hybrid fractal geometries are created by fusing two fractal
geometries together or by fusing a fractal shape with a
nonfractal shape. Additionally, certain hybrid fractal shapes
can be created by combining multiple shapes. As illustrated
in Figures 2(a)–2(c), the hybrid meander-Koch curve gen-
erator is created by combining the meander and Koch curve
shapes. *e meander and Koch curve generators (first it-
eration) each contain four and five segments, respectively.
However, as illustrated in Figure 2(b), when the two shapes
are combined, the resulting generator contain eight seg-
ments. *is method clearly contributes to antenna's size
reduction by increasing the effective electric length. *e IFS
algorithm for constructing the segments of the meander-
Koch curve fractal antenna is as follows:
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(4)

where the generator W(A) is obtained by combining W1 to
W8 which are the set of linear affine transformations andA is
the initial geometry. *e fractal dimension D for the 1st
transformation of the meander-Koch curve Fractal antenna
is calculated as

(a) (b) (c)

Figure 2: Transformations of the hybrid meander-Koch curve
Fractal antenna. (a) 0th transformation. (b) 1st transformation.
(c) 2nd transformation.
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D �
log(N)

log(r)
�
log 8
log 5

� 1.29, (5)

where N is the total number of segments at each iteration
and r is number by which the initiator is divided at each
iteration.

2.3. Development of Hybrid Meander-Koch Fractal Ring
Antenna. *e proposed antenna in this section has a ring
type structure, and it has been formed by following the
basis of the fractal geometry. *e generator is a meander-
Koch curve shape, and the initiator is a trapezoid-like
shape with three linear strips that are presented for
transformation, as shown in Figure 3(a). *e transfor-
mation has been carried out in two-steps: in the first step,
a meander pattern is applied on each leg of the trapezoid
resembling shape. In the next step, the Koch fractal
pattern is applied at the top of the meander element, and
this is achieved by forming an upper portion of the
equilateral triangle in the middle of the meander shape. As
a result of this two-step transformation, all the three linear
segments have been replaced by the meander-Koch ele-
ments, and the obtained shape is illustrated in Figure 3(b).
In Figure 3(c), a segment of the microstrip line has been
used to interconnect the two arms through the open ends
to form a closed loop radiating structure. Practical lim-
itations exist in terms of applying the higher order iter-
ations to design the fractal antennas. *ese include the
overlap between the strips of the adjacent segments in the
geometry which consequently deforms its shape. To avoid
this situation, the line width should be very narrow;
however, this could give rise to the conductor losses which
reduces the radiation efficiency. *erefore, the iterative
transformation on the meander-Koch Fractal ring an-
tenna has been limited up to the second iteration.
Moreover, the dimensions of the proposed meander-Koch
fractal ring antenna have been presented in Figure 4 and
Table 1.

3. Parametric Optimization

After the design of the proposed antenna using IFS, it has
been analysed in commercial full-wave simulator CST
Microwave Studio (MWS) for studying the effects of the
variation of the design parameters. Design goals have
been set to achieve an impedance bandwidth that can
cover the entire 5 GHz band. In order to realize such an
antenna with desired performance, a series of parametric
studies have been performed on important design pa-
rameters. As elaborated in Section 2.3, the geometric
construction of the resultant antenna shape started from
an initiator that resembles a trapezoid shape which was
presented for transformations using the meander-Koch
curve shape. Figure 5 shows the optimization study
which has been carried on different lengths of the ring-
type antenna. *e length LM-kr of the radiating element
has been optimized to make the antenna resonant on the
entire 5 GHz band.

A similar study has been conducted to study the effects of
the variation of the fractal ring in Figure 6. *e thickness
WM-kr of the ring has been varied from 1.1mm to 1.3mm
with a step size of 0.1mm. It has been noticed that, as the
strip thickness increases, the effective perimeter of the ring
geometry also increases which results in frequency
reduction.

Figure 7 shows the parametric study on the width of the
transmission feed lineWf. It has been optimized to maintain
the reflection coefficient at −10 dB level for the bandwidth

(a)

(b)

(c)

Figure 3: Transformations of the meander-Koch fractal ring an-
tenna. (a) Geometries of the initiator and generator; (b) combined
shape; (c) closed loop.

Lg

L

LM-kr

WM-kr

W

Figure 4: Dimensions of the proposed antenna.

4 International Journal of Antennas and Propagation



covering from 4.94GHz to 6.12GHz. *e width of the
transmission line is also a crucial parameter that needs
optimization because it is a known reason for impedance
mismatch between the antenna and feed line.

*e ground plane plays a significant role in the radiation
of small antennas. Certain parameters are adversely affected
by the small ground plane size. *ese degradations include a
shift in resonant frequencies, impedance mismatch, narrow
impedance bandwidth, low gain, low efficiency, and dis-
torted radiation patterns. As illustrated in Figure 8, the final
parametric study has been performed by varying the size of
the ground plane to avoid the inaccurate measurement
results due to cable effects. However, in the optimization
process on the size of the ground plane G, it was noticed that
the width of the ground plane Wg has a considerable effect
on the resonant frequency and the input impedance,
whereas the length has negligible effect on the said pa-
rameters. *erefore, for this study the length (Lg � 26mm)
of the ground plane has been kept constant to perform this
study.

4. Experimental Results

In Figure 9, the fabricated prototype of the proposed me-
ander-Koch Fractal ring antenna has been presented. It can
be noticed from the comparison curves (simulation and
measurement), presented in Figure 10, that antenna has
satisfactory return loss result. *e antenna is designed to
operate on the 5GHz WLAN band. *e measured S11 plot,
as shown in Figure 10, of the proposed antenna shows an
impedance bandwidth of 1.18GHz at −10 dB scale.

*e simulated and measured far-field radiation patterns
of the proposed meander-Koch ring fractal antenna are
presented in Figure 11. From the results, the radiation
patterns of the meander-Koch fractal ring antenna are

Table 1: Dimensions of the proposed meander-Koch fractal ring
antenna.

Parameter Value (mm)
L 45
W � Wg 25
L M-kr 13.1
W M-kr 1.1
Lf � Lg 26
W f 1.8
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Figure 5: *e effect of length of the meander-Koch fractal ring
antenna on reflection coefficient.
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Figure 6: *e effect of width of the meander-Koch fractal ring
antenna on reflection coefficient.
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Figure 7: *e effect of width of the feed line on reflection
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Figure 9: Fabricated prototype of proposed meaner-Koch fractal ring antenna: (a) top view; (b) back view.
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omnidirectional, and the antenna has a considerable gain
from 0 to 2π radians in both the X-Z and Y-Z planes.
Moreover, the measured far-field plot of the proposed an-
tenna in Figure 11(a) illustrates that the proposed meander-
Koch fractal ring antenna has symmetric radiation patterns
in both the X-Z and Y-Z planes. Figure 11(a) depicts the
simulated X-Z plane radiation patterns for the meander-
Koch ring fractal antenna, where it has a maximum gain of
3.5 dBi and doughnut-shaped radiation pattern could be
easily noticed. In case of measured results, the maximum
gain is 3 dBi. Furthermore, Figure 11(b) shows the radiation
patterns of the meander-Koch fractal ring antenna in the
Y-Z plane. *e simulation result shows that the maximum
gain is 1.8 dBi, whereas the measurement result shows a
maximum gain of 1.43 dBi.

5. Conclusion

In this paper, a hybrid meander-Koch fractal ring antenna
has been proposed for 5GHz WLAN band. *e IFS algo-
rithm to construct the generator of the proposed antenna has
been compared to the standard Koch curve antenna. Due to
an increase in the number of segments of the resulting
convoluted shape, the electrical length has been increased,
thus miniaturizing the antenna size. Several antenna di-
mensions have been optimized through the parametric study
in CST MWS. *e antenna prototype has been realized, and
the comparison between the simulated and measurement
results has been presented, which confirms the practicality of
the proposed antenna.
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