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Abstract 
In this paper, the resonance characteristics of Von Koch and 
quadratic Koch fractal dipole antenna is presented. The distinctive 
contribution of the investigations reveal that the quadratic Koch 
curve provides greater miniaturization as compared to Von 
Koch fractal shaped dipole antenna. The introduction of novel 
asymmetric design of both the fractals shaped dipoles result in 
improved matching at the second resonance. This observation 
is explained on the basis of current distribution on the antenna 
that results in change in the impedance profile of the asymmetric 
design. The constructive addition of fields due to asymmetric 
design results in improved gain of the dipoles. The antenna has 
possible application as base station antenna systems.
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I. Introduction
Proliferation in wireless communication has lead to use of multiple 
frequencies. This has constraints on development of circuits with 
multi-frequency functionality. In this domain an antenna is a 
key component that also needs to be multiband in its resonance 
characteristics. The antennas in wireless transceivers are compact 
and one can find a plethora of designs reported in multiband planar 
antenna design paradigm [1].  However, the base station antennas 
have not been considered intensively. Though the constraint of 
size is not central for base station antenna due to available of 
ample mounting space, the cost reduction is of prime concern. 
The only way is by using less costly antenna elements like wire 
dipoles. The use of an array of Euclidean dipoles is a simple 
effective solution but it needs to be multiband in its resonance 
characteristics. The Euclidean monopole and dipole have been 
modified by incorporating fractal geometry that has been reported 
in [2]-[6]. The initial work on fractal wire antennas started with 
monopoles [2-3]. The observations like miniaturization and 
multiband was soon extended to dipoles as reported in [4-5]. In 
[4] dependence of resonance frequency on fractal dimension was 
reported. The geometry of Von Koch curve was introduced in 
V-dipoles [7]. The benefits of fractal geometry, that was introduced 
by Mandelbrot [8], in antenna is presented in [9] for further 
reading.  Though modifications of erstwhile Von-Koch curve [8] 
has been done in designing wire dipoles and monopoles but certain 
configurations have not been explored in detail. 
In this work Von-Koch and quadratic Koch curves are used in 
dipole antenna with certain modifications that stem from the 
observation on diminishing matching characteristics of higher 
order resonance. The paper is organized beginning with the revisit 
of fractal geometry and its construction useful for conceptualizing 
the antenna design as given in Section II. This is followed by 
results and discussions in Section III. Concluding remarks and 
references are given in Section IV and V, respectively.

II. Proposed Antenna Geometry and Design

A. Generation of Koch Curve Variants
Fractal geometry is characterized by certain properties like it 
appears similar at different scale of design.  In nature as pointed 
out in [8] the trees, mountains and coastlines are certain examples 
which look self similar in its construction. This very property 
has direct implications for antenna engineers where it translates 
as different portions in the self similar geometry which means 
different resonances with the obvious fact that small portions 
resonate at higher frequencies and larger sections at lower 
frequencies. Koch fractal geometry is one such fractal shaped 
curve. The self-similarity is one of the properties of fractals that 
can be used to define a fractal. The iterated function system [10] 
provides a unified approach for construction of fractals.  The starting 
element, also known as initiator is a line segment corresponding 
to the iteration 0 and after using fractal geometry, the geometrical 
object obtained at the first iteration is called generator. The second 
iteration is obtained by replacing each initiator of the first iteration 
by a generator where each small segment of the curve is an accurate 
replica of whole curve. This is illustrated for Von Koch curve in 
Fig. 1 up till second iteration. In case
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Fig. 1. Iterations of Von Koch Curve. 
  

Fig. 1: Iterations of Von Koch Curve

of Von Koch curve iteration 0 is divided into three line segments 
and the middle segment is replaced by an equilateral triangle 
(having no base).
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Fig. 2.Iterations of quadratic Koch curve 
 

 

Fig. 2: Iterations of Quadratic Koch Curve



IJECT Vol. 6, IssuE 1, spl- 1 Jan - MarCh 2015  ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g 92   InternatIonal Journal of electronIcs & communIcatIon technology

The curve thus obtained is the first iteration. The second iteration 
is obtained by repeatedly replacing each line segment which is 
composed of three quarters, with the generator consisting of four 
pieces, each one-third long. The geometric construction of basic 
quadratic Koch curve is shown in Fig. 2. In case of quadratic Koch 
curve, iteration 0, which is a simple straight line, is divided into 
four line segments and the middle two segments is replaced by two 
squares having no base and both squares in opposite direction. The 
second iteration of the curve is obtained by repeatedly replacing 
each line segment which is composed of four quarters, with the 
generator consisting of eight pieces, each being one-fourth long. 
The geometries in Fig 1 and 2 are named here as the symmetric 
design for obvious reasons which will be comprehensive in ensuing 
sections where the asymmetric versions are illustrated as novel 
configurations of fractal curves in dipole antenna design. However, 
the fractal geometry is also characterized by its dimension which 
passes through fractional values with increase in iterations. 

B. Fractal Dimension
The method of calculating the dimensions of these structures is 
to compute the fractal dimension of a line as a function of two 
measurements taken while enclosing the fractal line with a number 
of discrete boxes [10]. If the number of boxes is Nδ, of linear size 
δ, are necessary to cover a set of points distributed in a plane, then 
the box dimension is defined as the power D in (1)

      (1)
Taking the logarithm of both sides it becomes . 
Physically it implies that the dimension is the ratio of the logarithm 
of the number of new elements Nδ, formed from the parent object, 
to the logarithm of the inverse of the scaling factor δ. Analytically, 
it can be written as 

     (2)

As an example (refer to Fig (1)), let us take the Von Koch fractal, 
which is obtained from a line by dividing the line of length L 
into three equal parts and then replacing the middle portion 
with an equilateral triangle of side length L/3. Its dimension 
(i.e. )3/1log(/)4(log ) is 1.26. For Quadratic Koch curve(Fig. 2) 
the fractal dimension is similarly computed as 1.5.

C. Fractal Dipole Antenna Design and Modeling
The geometries illustrated in previous sub-section are incorporated 
in each arm of a Euclidean dipole as shown in fig. 3 (a). The dipole 
is oriented along z-axis and the fractal iterations are applied as 
explained resulting in the Von Koch and quadratic Koch symmetric 
dipole antennas as shown in the fig. 3 (b) and (d). The asymmetric 
variants result in an opposite orientation of one of the dipole arms 
as illustrated in fig. 3 (c) and (e), respectively. The Euclidean 
electric half wavelength dipole is designed to resonate at 900 
MHz. The overall dipole is tuned to 16 cm for resonating at the 
desired frequency considering the end effect. The radius of the 
dipole is chosen as per dipole antenna design guidelines [11]. This 
is taken as 0.14478 cm corresponding to American Wire Gauge 
(AWG) number 9. The corresponding lengths are then computed 
from a MATLAB™ code developed to generate these curves. Wire 
antennas are suitably modeled and analyzed by integral equation 
solutions using Method of Moments (MoM) [11]. Commercial 
implementations are variants of the Numerical Electromagnetic 

Code [11]. In this work Expert MiniNEC has been used. In MoM 
formulation the segment length to radius of wire ratio )/( a∆ is 
crucial for obtaining accurate solutions [12]. For iterated structures 
like fractal geometries it gets challenging to maintain this ratio 
as the wire segments get smaller and smaller. If thin wire kernel 
approximation is used then it has a limitation that it is applicable 
to problems with 2/ >∆ a . However, it needs to be clarified 
that for too small a value of a/∆  the convergence of numerical 
computation may be slow.

Fig. 3: Illustration of dipole antenna and its fractal variants.  (a) 
Euclidean Dipole, (b) Symmetric Von Koch dipole, (c) Asymmetric 
Von Koch Dipole, (d) Symmetric Quadratic Koch Dipole and (e) 
Asymmetric Quadratic Koch dipole.

This situation may arise when highly iterated fractal structures 
are analyzed. So the benefit of fractal dipole antenna is by 
incorporating the geometry till certain iterations commonly known 
as pre-fractal geometry. Here the symmetric dipoles as well as 
asymmetric variants are implemented till first iteration to illustrate 
the novelty of this work.

IV. Results and Discussion
The dipole antennae designed as per the variants in Fig. 3 are 
analyzed and the resonance characteristics are extracted from the 
S-parameters as shown in Fig. 4. As expected the first observation 
is that the resonance frequency of the Von Koch dipole is less 
than the Euclidean dipole antenna. This observation is in sync 
with the fact that the electrical length of the arms increases with 
geometrical modifications using fractal curves.

Fig. 4: S-parameter plot of the investigated antenna geometries 
as given in Fig. 3.
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Fig. 5: Illustration of current in different segments of the fractal 
dipoles investigated.

The resonance of dipole obtained from electromagnetic simulation 
is 901 MHz. The symmetric Von Koch dipole is observed to 
resonate at 761 MHz and 2240MHz, respectively. The asymmetric 
Von Koch dipole resonates at the same frequency as that of the 
symmetric one. The symmetric and asymmetric quadratic Koch 
dipole resonates at 596 MHz and 1604 MHz. The lower shift in 
frequency for quadratic Koch dipole is due to further increase in 
electrical length of the dipole arm. The miniaturization due to 
Von Koch curve is about 15. 4% and that due to quadratic Koch 
curve is 33.8 % considering the shift in frequency.

Fig. 6: Input impedance variation of Von Koch dipole antenna.

From |S11| dB plots it is also observed that the second resonance for 
symmetric designs of both Von Koch and quadratic Koch exhibits 
poor matching. However, with the asymmetric design modification 
the second resonance becomes prominent. This is well illustrated 
from the current distribution as given in Fig 5 where it is seen 
that for asymmetric design, the encircled segments comprising 
of the fractal geometry, do not cancel each other unlike that in 
the symmetric design where the current in encircled segments 
nullify the ensuing fields. This change in current profile results in 
improved match at the second resonance and in turn increases the 
realized gain of the antenna at this resonance. The realized gain 
of asymmetric Von Koch dipole antenna increases to 4.84 dBi 
as compared to 3.1 dBi for symmetric Von Koch dipole antenna 
at 2240 MHz. Similar observations are confirmed for quadratic 
Koch dipole antennas where realized gain at 1604 MHz increases 
from 3.42 dBi for symmetric design to 4.36 dBi of asymmetric 
design.

The final part of this section revisits the input impedance of the 
antennas (illustrated in Fig. 6 and Fig. 7, respectively) under study 
in this work as well as elevalation plane radiation pattern. The 
Euclidean dipole antenna has the real part of input impedance 
as 73 Ohm. So to feed with a 50 Ohm line requires additional 
match elements. It is observed that the first iteration Von Koch 
dipole exhibits 52 Ohm input impedance whereas the first iteration 
quadratic Koch dipole provides 32.5 Ohm input impedance. The 
input impedance of the second iteration Von Koch dipole is near 
that of first iteration quadratic Koch dipole. So it can be said that 
the quadratic Koch dipole behaves from impedance view point 
similar to the second iteration Von Koch dipole antenna. The input 
impedance profile would be suitable for designing the proper 
matching circuit for the dipole antenna. The current distribution 
improves the matching is also evident from the input impedance 
at the second resonance of Von Koch and quadratic Koch dipole 
antenna is 74 Ohm and 77 Ohm, respectively. This is near to the 
input impedance at the first resonance of the Euclidean dipole 
antenna. The normalized elevation plane radiation patterns at both 
bands for the antennas shown in Fig. 3 (b) to (e) are shown in Fig. 
8. The patterns show undulations at higher band in sync with the 
multitude currents at higher bands. The direction of current also 
gets reflected as beam tilting.

  
(a)

 
(b)

 
(c)

 
(d)

Fig. 8. Normalized elevation plane radiation pattern at 761 MHz 
(L) and 2240 MHz (R) for (a) dipole of Fig. 3 (b), (b) dipole of 
Fig. 3 (c) as well as at 596 MHz (L) and 1604 MHz (R) for (c) 
dipole of Fig. 3 (d); (d) dipole of Fig. 3 (e). (Axis is as shown 
in Fig. 3)
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VI. Conclusion
In this work, a novel asymmetric configuration of Von Koch curve 
and quadratic Koch fractal curve dipole antenna is presented 
that exhibits improved matching at the second resonance. The 
current distribution also supports the observation. The antenna 
gain improves drastically due to constructive addition of the fields 
radiated from similar orientation of current elements. The input 
impedance profile proves the improvement observed in matching 
condition at the second resonance. The research in this domain is 
still in its initial stages and more interesting results are expected 
with further work.
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