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Abstract — The article considers the variants of models 

quasi-fractal antennas. Their synthesis suggested the vector 
description of the fractal transformation of individual 
segments of the primary geometric shape. The combination 
of the decomposition of the geometric shape and multi-
dimensional fractal approach allows to simplify the synthesis 
of fractal 3D structures and/or to use several types of 
fractals, including with a different number of iterations. This 
approach allows achieving broadband and multi-band 
antenna systems. Thus the influence of the segmentation level 
and the power scheme on the spatial-frequency 
characteristics of the antenna. Due to the complexity of 
describing the interaction of the antennas of non-Euclidean 
geometry with radio waves for their synthesis and analysis 
taken methods of numerical simulation. Evaluation and 
comparison of antennas held by the following characteristics: 
amplitude-frequency response, beam pattern and voltage 
standing wave ratio. 

Keywords — amplitude-frequency response; antenna; beam 
pattern; fractal; quasi-fractal; voltage standing wave ratio. 

I. INTRODUCTION 
Current trends of minimization of telecommunications 

facilities require the implementation of combined compact 
integrated antennas, which have respective levels 
broadband and multi-band [1]. 

Analysis of technical solutions, allowing to provide 
conformity to the specified requirements, shows that they 
basically boil down to the use of electrically small antennas 
[2]; introduction of the geometry of fractals [3]; 
introduction of elements based on dielectric resonator 
antennas (DRA) [4-6]; formation of multi-element 
gratings; implementation of combinations of these design 
approaches. 

One of variants of such integration may be the use of 
various modifications of the antenna elements based on 
simple geometric shapes, e.g., square, rhombus, triangle or 
circle. Among them, the largest increase has a ring 
structure.  

In this case the physics of operation of such antenna – 
the bigger the space is covered, the higher the gain, which 
it is provided. The bandwidth of such structures is several 
times wider than that of a conventional dipole. However, in 
comparison, they have a high input impedance.  

In turn, the application of the fractal approach allows to 
some extent to resolve this issue, as well as to expand the 
bandwidth and to create multiple resonant frequencies. In 
addition, in recent years many works discuss quasi-fractal 
structure. As you know [7], the term «quasi-fractal» 
describes antennas that do not have a strictly defined 
progression of the frequency of occurrence of items at each 
change in scale, or they are incomplete (inexact) similarity 
of the structure and its elements. In general, the range of 
such antennas is constantly expanding. 

As a result, it is advisable to evaluate antenna solutions, 
where the geometry of the annular emitter is described by 
the fractal (quasi-fractal). 

II. ANALYSIS OF RECENT STUDIES AND PUBLICATIONS, 
WHICH DISCUSS THE PROBLEM 

Systematization of existing sources related to this issue 
can provide some generalized areas of research. 

Traditionally, the ring structure is the basis for the 
improvement of classical antennas and arrays on their basis 
(framework, logo-periodic, etc.) [7, 8]. 

Another direction involves the implementation of 
fractal approach for the formation of the antenna by scaling 
the complex antenna elements at the base of the circle [9, 
10]. 

In this sense, we should also remember the antenna 
based on the classic geometric fractals which are inscribed 
in a circle, for example: the Koch snowflake. Usually, 
these fractals, which are used in antenna technology, as the 
initiator used a straight line. 

The most promising looks to integrate several antenna 
technologies and solutions with ring structures. Thus, in 
[7, 11-14] proposed quasi-fractal dielectric resonator 
antenna (DRA) based on simple geometric shapes. As feed 
they used classic ring vibrator (i.e., a fractal approach is 
used not only in the geometry of the hemispherical 
dielectric components). 

Overall, the analysis of existing antenna solutions 
shows that in theoretical terms, yet insufficiently studied 
antenna based on fractal ring structures, including, in case 
of simultaneous use of several types of fractals. All this 
testifies to the relevance of research. 
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III. THE AIM OF RESEARCH 
Thus, the aim of this work is to increase the efficiency 

of antenna systems based on ring structures using a fractal 
approach. 

IV. THE MAIN RESULTS OF THE STUDY 
To address the main objectives of the research proposed 

to combine the decomposition of the initial geometric 
shapes and multi-dimensional fractal transformation. This 
allows to simplify the synthesis of fractal 3D-structures 
and/or to use several types of fractals, including with a 
different number of iterations. The benefits are particularly 
pronounced for forms of priority which is based on 
spherical or cylindrical coordinate system. 

The essence of this approach is based on a vector 
description of the fractal transformation of individual 
segmented parts of the initial geometric shape. So, for the 
3D-figure, this vector may contain four components: the 
first describes the law of a geometric fractal transformation 
relative to the coordinate axis 0x, respectively, the second – 
0y, the third – 0z, and the fourth – change material 
characteristics (e.g., permittivity). At the same time, the 
number of iterations for each of these components may 
differ. In turn, other geometric segments can be applied (or 
not applied) are excellent options fractal transformation. To 
ensure the integrity of synthesized structures it is 
sometimes necessary to involve overlapping segments. 

To understand the process n-dimensional fractal 
transformations considered in the paper the simplest variant 
is the synthesis quasi-fractal ring vibrator. In this case, as 
the initiator of the fractal use arc stands, and as the 
generator of the fractal use the meander. For the formation 
of a meander necessary to attract two segments. To 
simplify the modeling process introduced a number of 
assumptions. 

1. As basic element considers the annular vibrator 
(Fig. 1.а), which is made of copper. It is a tape with a width 
of 4.5 mm with a fixed thickness (0.75 mm), which 
coincides with the diameter of the wire ring vibrator 
(Fig. 1.b) similar to [7, 11-14]. The external diameter of the 
synthesized antenna elements does not exceed the outer 
diameter of the wire ring vibrator (24.4 mm). 

 
a) 

 
b) 

Fig. 1. Ring vibrator: a) – tape; b) – wire 

2. Due to the complexity of describing the interaction of 
the antennas of non-Euclidean geometry with radio waves 
for their synthesis and analysis selected methods for the 
numerical simulation. During the evaluation of the spatial-
frequency characteristics of the designed antenna solutions 
in the range up to 40 GHz are considered such indicators as 
return loss, beam pattern і voltage standing wave ratio. 
Although there are several interpretations of the bandwidth, 

we use the definition of strip by the criterion of return loss 
[15], for which the module of S11, less than -10 dB. 

3. As the main is considered a cylindrical coordinate 
system. Decomposition of the initial geometric shape 
provides only the integer value of the angular dimension of 
the segments (in deg.) according to the expression: 
Angleseg = 360 / N. The number of segments N can be 
determined Table I. To ensure the integrity of the structure 
the overlapping segments corresponds to the thickness of 
the tape ring vibrator (Fig. 1). 

TABLE I.  THE ANGULAR DIMENSION OF THE SEGMENTS 

N Angleseg 
(deg.) N Angleseg 

(deg.) N Angleseg 
(deg.) 

1 360 11 32.73 21 17.14 
2 180 12 30 22 16.36 
3 120 13 27.69 23 15.65 
4 90 14 25.71 24 15 
5 72 15 24 25 14.4 
6 60 16 22.5 26 13.85 
7 51.43 17 21.18 27 13.33 
8 45 18 20 28 12.86 
9 40 19 18.95 29 12.41 
10 36 20 18 30 12 

4. To power the antenna element scheme is applied 
without coordination with the resistance, which contains 
only one port. It can have an arbitrary location. 

5. To facilitate comparison with the spatial frequency 
characteristics of the primary vibrators (Fig. 1, 2) fractal 
transformation at the level of the first iteration is subject 
only to the tangential component of the geometric shape 
(using a cylindrical coordinate system). 

   
Fig. 2. Segmentation Template 

In the future, taking into account the assumptions, one 
should consider the process of formation quasi-fractal ring 
vibrator, which contains 24 segments. The angular size of 
one segment is 15 deg. For clarity, the segments can be 
divided into even and odd (Fig. 2). The segments have 
mutually overlapping, which is equal to the thickness of the 
tape ring vibrator (Fig. 1.а). Formed of the overlapping 
zones form a pattern for the radial component of the 
synthesized geometric shapes (Fig. 3). In accordance with 
the assumptions, it is not subject fractal transformation. 
Using logical operations of inversion, conjunction, 
disjunction, and, as a generator of the fractal - the meander, 
you can create a 24-segment quasi-fractal ring vibrator 
(Fig. 4). The height of the meander (1.5 mm) is 
characterized by the distance between external and internal 
radial components of the vibrator. Accordingly, in Fig. 5 
examples of 9-, 15- and 30-segment patterns. 

Special attention is given to search for optimal host port 
power supply. For odd N in the placement of the port 
corresponds to Fig. 6. For even N, the number of the 
investigated variants is slightly expanded (Fig. 7). 
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Fig. 3. Template for the 

radial component 

   
Fig. 4. Synthesis of quasi-fractal ring 

vibrator (N=24) 

       
a)                                    b)                                   c) 

Fig. 5. Template for multi-segment quasi-fractal ring vibrator: a) – N=9; 
b) – N=15; c) – N=30 

           
Fig. 6. The placement of the power port with an odd N 

In the course of research comparison of primary ring 
vibrators (see Fig. 1). 

Examples are shown in Fig. 8 і 9. As can be seen, the 
use of tape instead of wire improves performance, but does 
not meet the requirements for broadband and multi-band 
supports. On the other hand, the comparison of the ring 
structures shown in Fig. 1.а and Fig. 4 evidence of the 
positive effects of the use of fractal approach (see Fig. 9). 

 
a) 

 
b) 

 
c) 

 
d) 

 
e)  

f) 
Fig. 7. An example of the placement of the power port for a 30-segment 

quasi-fractal ring vibrator 

 
a) 

 
b) 

Fig. 8. Comparative evaluation of the frequency characteristics of the 
basic ring vibrators:  a) – return loss; b) – VSWR 

       
 a)  b) 

Fig. 9. Comparative evaluation of frequency characteristics of quasi-fractal ring structures: a) – return loss; b) – VSWR 

  
 a) b) 
Fig. 10. Comparative evaluation of the frequency characteristics of the synthesized ring structures: a) – return loss; b) – VSWR 
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The minimum level of the return loss reaches -28 dB, 
and at frequencies above 17 GHz we have VSWR < 3. 
Provided that appropriate location of power port (see 
Fig. 7.f) on the selected criterion, the bandwidth is 18 GHz. 

For quality assessment based on spatial-frequency 
characteristics of the level of segmentation for Fig. 10 
shows the pair wise comparison for vibrators with the 
number of segments 24 and 30, and Fig. 11.а – the beam 
pattern for the case of N = 24. 

In turn, given the current capabilities of using additive 
manufacturing composite antenna systems, the studies 
made 3D-printing template 24-segment quasi-fractal ring 
vibrator (Fig. 11.b, c). It can be used for further stages of 
production. 

   
a) b) c) 

Fig. 11. 24-segment quasi-fractal ring vibrator: а) – beam pattern; b) – 
the template is made on a 3D- printer «Prusa i3» (material – 
PETG); c) – model after processing 

Overall, the results allow drawing the following 
conclusions. 

1. To have pronounced resonances, it is necessary to 
increase the number of segments in the line of a meander. 

2. An even number of segments allows obtaining a 
more efficient structure than odd. 

3. For a pair of number of segments it is better to have 
the ratio of their number to 4, which allows to observe the 
full symmetry of the ring shape of the vibrator with respect 
to all coordinates. In this sense, 24 segment is better than 
30 (for example, it gives a wider bandwidth). 

4. The maximum bandwidth allows you to power port 
in a completely remote jumper segment. At the same time, 
it should be located on the inner radius surface of the 
meander. 

V. PERSPECTIVES OF FURTHER RESEACH 
Further research is advisable to send the modeling of 

3D-structures, which are based on a combination of several 
types of fractals; determining dependencies of the spatial-
frequency characteristics from the geometry quasi-fractal 
antennas. 

VI. CONCLUSIONS 
The results confirmed the theoretical statements on the 

desirability of a broadband and multi-band antenna, based 
on a fractal approach. Vector representation of the fractal 
transformation of individual segmented parts of elementary 

geometric shapes greatly expanding the range of 
perspective antenna systems with non-Euclidean geometry, 
and the use of parametric optimization simplifies their 
practical implementation. 
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