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ABSTRACT

The variety of fractal curve types opens up additional structural
and electrodynamic possibilities in the design of antennas. The
article describes experimental results of studying characteristics
of different types of fractal antennas (fractal triangular Koch
antenna, fractal square Koch antenna and anisotropic fractal
antenna). These types of curves are extreme cases in the
direction of deformation of fractals. In this paper, we propose a
new dual band wire dipole antenna based on an anisotropic
fractal. We obtained the frequency reflection coefficients and the
radiation patterns at the resonance frequency of each antennas
at the second iteration (n = 2). We made an analysis of the
parameters of each antenna. It is shown that a half-wave
vibrator configured on the base of the original anisotropic fractal
has a maximum effective capture area. The Computer Simulation
Technology High Frequency Structural Simulator (HFSS)
software was used to design and analyze the antenna. Computed
bandwidths are 0.2 to 2.7 GHz. This bandwidth covers the IEEE
802.11.

CCS CONCEPTS

+ Hardware — Wireless devices « Networks — Network
reliability

KEYWORDS

fractal antenna, anisotropic fractal, captured area, radiation
pattern, return loss
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1 INTRODUCTION

Multi-band and broadband antennas are of great interest in the
field of radio engineering and telecommunications. Modern
wireless and satellite communications require antennas with
higher performance, wider bandwidth, inexpensive and
conditionally smaller design sizes. The properties of such
antennas and their characteristics, namely the input resistance,
radiation patterns (RP) and directivity factor vary within
specified limits in a very wide frequency band. Theoretical
studies of electromagnetic waves from scattering and
propagation in fractal media have prepared a basis for creating
real technical devices that use the physical properties of fractal
systems. Such devices include fractal antennas. Fractal antennas
have some advantages over traditional antennas based on
Euclidean geometry.

Fractals are self-similar objects and they do not have a
dedicated scale [1]. Real fractal systems have the maximum and
minimum lengths. This property gives grounds to believe that
the radiating systems with fractal geometry will have not one,
but several resonant frequencies. Fractal geometry allows you to
combine antennas of different frequencies, avoiding interference.

Fractal antennas have a number of advantages (multiband for
emitted and received frequency, various radiation patterns, strict
manufacturing algorithms) and are widely discussed in the
scientific literature on radio and telecommunications [2 - 5]. It is
interesting to define a fractal type based on which it is possible
to create the antenna with the best characteristics for certain
purposes. The question is how the shape and structure of the
fractal affect the characteristics of fractal antennas? Therefore,
we chose those fractals that have different directions
(anisotropic, omnidirectional and isotropic) deformation.

The purpose of this study is to determine the reflection
coefficient, RP of anisotropic fractal and to compare our results
with the results obtained for other types of fractal antennas. We
chose the second iteration of fractal curves: anisotropic,
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Fractal Antenna with Maximum Capture Power

On this complex, all the manufactured fractal antennas were
tested. The spectral characteristics of the considered fractal
antennas are analyzed. The following parameters of the fractal
antennas were measured: the passband, the radiation patterns,
the width of the RP, the directivity factor, and the gain.
Radiation patterns of antennas in the polar coordinate system in
100 steps were built in LabVIEW in real time. Below are results
of the physical experiment and computer simulation.

3 RESULTS AND DISCUSSIONS

We determined the parameters of all our antennas by computer
simulation and measurement: the reflection coefficient S11, the
radiation pattern at resonant frequencies, the widths and
maxima of the main lobe. Fig. 5 shows the frequency reflection
coefficients for all types of antennas. The simulation results are
shown by solid lines. In the selected frequency range, all
antennas have two f1 and f2 resonant frequencies, their values
are given in Table 1. SKF has the lowest frequencies (0.5 GHz
and 1.36 GHz) with the full length of the fractal curve equal to L
=56.5 cm than other models, TKF has the highest frequencies
(0.74 GHz and 2.21 GHz) at L = 25.28 cm, i.e. the dependence f ~ 1
/'L is satisfied. This means that the values of resonance
frequencies depend on the total length of the antenna (fractal
length), rather than the length of the last prefractal.

The measured results are shown in Fig. 5 by the dashed line.
Experimental results have confirmed that the designed antennas
showed improved performances in terms of directivity and
beamwidth and other characteristics.

Table 1: Frequency Resonances for Fractal Antennas at n =

2
Resonant Types of antenna
frequency AF TKF SKF
f1, GHz 0.61 0.74 0.5
f2, GHz 1.72 2.21 1.36

Fig. 6, 7 and 8 show antenna patterns for the resonance
frequency f2 of each antenna separately. All antennas radiate
equally at frequency f1 and have the shape of a radiation pattern
as in a standard half-wave vibrator. AF and SKF antennas have
two main directed lobes (Fig. 6 and Fig. 8) in the E plane, the
radiation pattern of the TKF antenna consists of 4 small lobes
(Fig. 7). The multi-lobe form of the radiation pattern of the TKF
antenna is shown in [7]. Table 2 shows the numerical
characteristics of the radiation pattern of antennas. The largest
width of the main lobe is observed in the AF antenna, equal to
a =117.010.

ICTRS17, November 6-7, 2017, Delft, Netherlands

Table 2: Parameters of the radiation pattern of the
antennas

Types of antenna

AF TKF SKF
width of main 117.01 43.56 76.09
lobe a, degree
maximum 8.36 8.80 4.57
value, V
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Figure 5: The dependence of input reflection coefficient on
frequency for AF (a) TKF (b) and SKF (c).



982 - 6£2°dd g9 oA (N7V)
unwwo) “uonda)g °f Juj ‘seuuaque aodip [e1deyy YIOY-A Jo uonezUIRIRYD
poypudwow Y 6002 "MW BIYSIW ‘W' 1eppod ¥ yewyo  [f]

‘(ssny u1) 09-£6°dd *p[0A ‘sauias 22uads [poruyda) ysS196 Joppoy gs
ay1 Jo s8urpaasoiq 13l ay1 wr 2ouanqim JO [apowr [eIdR1] ‘8861 7 ‘AdeqRuRyZ (9]
$99-£59'dd 'g-6'10A “uyday Janm p mosny {uf ‘suonesydde
Ssaam 10§ euudue duisonnu Arepunoq [ewey pueq adig pazuejod
Ajremon pasy aqoxd afBuis 1akey ajduis £10z “N'SAN 'Buureg “A'A Appay  [g]
'688-¥88 dd
91769 104 (0Fv) ‘unwwo) ‘uoudajq [ up euuaue ured ysy pue pueqapim
[ewey oysudiarg paj-aqoxd [erxeod paypow v g0z S ‘yduig vy ‘ySuig  [p)
‘g6-18°dd 'z-1's1 ‘pz10A 'So11auFow04153)q "SNAI(
SSAMUIM U0 pauLg seuudquy djodouoyy mysmoyury jo Surapopy juaway
QMU PO0Z W SDYIOQRIEY O SLISIES] “) 'SBI0§ “0) ‘SOIRIUBISUOY (€]
‘£0£2-96z2 dd
‘6 ON IS oA “doid ¥ Juy uo subil ] ‘saamd Yooy Huisn seuudjue
ajodip weuosar-nmuw jo adueuuopad ap pue UOISUAWIP [L1IRY] UIIMIA
dwsuonejar ay uo €00z WA ‘ueperes pue Y[ ‘weyeiqy “fy ‘Aoury  [z)
d g9y ‘wonoyfuon ajruaan{ ‘Kundwor
pup jjoy Auapy amieN jo Anawoan [e1delg Yl 7861 g 101q]apuely 1ouag (1]

SIONIY3I43N

PAD/SSL0
PUE pIO/LE8C 'SON SIUBID) IIpUn URISYMEZEY JO DUIIIG
pue uoneanpy jo Ansturyy ayy 4q payroddns u22q Sey ylom siyJ,

SINIWOAITMONIIDV

"11°208 941 jo uoneoridde ay 105

SE [[9m Se Jeurioj jegaqny) ayj jo sayijajes ur Appureu ‘sasodind

adeds 105 31 Sursn smoj[e afejueape sty ‘uondaf[0d pue uonsajap

HEWOINE JO suId) ut Juumioejnuew jo safejueape reardojouyday
sey [epey oidonosiue ayy jo siseq Ayl uo euuAuUE Yy

‘SaARM

dNUBEWONIA[2 WS SBUUIIUE Y] UIYM pue s[eusis Suradar

‘|B 13 A3eqRURYZ B|INUA3Z

uaym paalIasqo aq ued 33p2 sty “ramod Jurddus wnunxew ayy
sapraoid osfe euuajue sidonosiue a3 jo eare armyded wnuixew
YL 'saidures sayio weyy urayed uonerper ayy jo aSue 19pIm
© Sey J] "euuue [e1oely didonosiue ue 10§ SONSLIIIRIRYD 13}19q
pamoys uonenuiis 12nduiod pue jusWINSLIW JO SINST Y[
"SUONDIIIP UOHRULIOJAP Y} Aq IaY10 YIS Wwoij
I9JJIp SIAIMD [BIORIJ 3SAY ] "SIAIND [BIORIJ JO SISEq Y} UO SEUUIUE
dlod1p a11m jo saruanbaiy jueuosas e suraped uonerpes ‘zpo £z
= 2°0 28ue1 2y Ut SHUADIFA0D UONPAYAI paureIqo am ‘1aded STy) uJ

SNOISNTONOD ¢
.z i uia
® DIS 10j (q) yuwdwadxd Yy ur pue (e) jusWIUOIIAUD

SSIH 2y ut paureiqo saueyd | pue g ayy ur gy g Sy

(q (e

T=u'y
1® DIL 10j (q) judwradxa ay) ur pue (e) juswUOIIAUD
SSAH 243 ur paureiqo saued y pue g a3 ur gy :£ 20y

(q (e

T=u‘yY
1® Jv J10j (q) juswnadxa ayy ur pue (e) juswUOIAUD
SSIH Y3 ur paureiqo saueyd Y pue g ayy ur gy :9 2andy

(q (e

SPUBLIYIAN "H|3Q “L10T ‘L-9 13QIIAON ‘£1,SY1DI



