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Abstract:

This paper trying to analysis and improve the capacity of single MIMO channel link with the help of
pattern diversity. With the help of 3D Fractal Tree Antenna (FRA). we are observing Gaussian noise and
azimuthal angle in a MIMO system when we are analyzing the fractal antenna for several degrees of
freedom, number offractal stages, angle between branches and parent to child branch scaling length.
Simulations of fractal tree arrays are conducted so their spatial correlation and MIMO channel capacity
can be observed. Capacity improvement from two different FTA isreported, assuming a perfect feedback
channel.

Index Terms— Antennas, Diversity methods, MIMO systems,couplifnactals,

[.INTRODUCATION

The fourth generation (4G) based mobile commuiinas rapidly improving for better improving bmizand
connection and better quality of wireless conmigtisatisfying the high speed data rate such gdicgiion
software and video streaming from a smart phonenfflj the MIMO system in which multiple antennag ar
used at both transmitter and receiver , have pegmosed to achieve high data rate due to an ingonewt in
spectrum efficiency . There are several polarizexdiels taking into account both the azimuth amdation
angles. To derive higher data rate and find outatfienuth and elevation angles and for better qual# are
proposing the fractal antenna with the help of 2axtal antenna we are deriving the 3D fractal arddior one

of the most important topics is to improve the $pau efficiency of the mobile communication systefor
Long Term Evolution (LTE) and LTE—Advanced, Muléplnput and Multiple Output (MIMO) technology has
been introduced to improve the system spectruntiefity, where the physical signal processing hasbe
extended to the spatial domain. Fundamentally, jtiet spatial-temporalfrequency signal processisg i
expected to boost the peak data rate by 100 timeshee spectrum efficiency by 2-3 times in comparisvith
what has been achieved in the 3rd generationivs$siple to further enhance the spectrum efficighope can
exploit an additional signal processing domainddition to the so-called spatial-temporal-frequedoynain.

For the MIMO technology in LTE/LTE-Advanced, onlket horizontal plane of the spatial domain has been
utilized in the spatial signal processing. For tbaventional MIMO technology, the system capaciyld be
significantly improved even without changing themher of antenna elements at the MS. Such properly
configured 2 dimensional (2D) antenna arrays aBBere termed as 3 dimensional MIMO (3D MIMO) ol f
dimension MIMO (F-MIMO). Recently, 3D MIMO or F-MIK has been identified as one important technique
for performance enhancement.

The performance of an array of reconfigurable &htee antennas to improve Multiple- Input MulégDutput
(MIMO) systems by controlling the degree of intentl mutual coupling between array elements. Theadhjc
control of coupling between array elements imbues gystem with the ability to change the far fighin
pattern of either element, enabling pattern diverfsir enhanced MIMO capacity. The Reconfigurabtanted
Fractal Tree Array (RPFTA) exploits the large numbidegrees of freedom of a parameterized recardige
fractal tree for the purpose of improving MIMO chehcapacity for a single communication link. Thatwire
3D fractal tree antenna was extensively analyzeoutth simulation in [4], {6} which includes results the
wideband frequency agility of a reconfigurable 3Bctal tree antenna.

In the paper we are describing the paper into @ei describe the design of 3D fractal antennaise@&
explain the MIMO techniques with 3D fractal anten8action 4 describes the simulation result andlcsion

Il ANTENNA DESIGN
A fractal is a rough or fragmented geometric shttg® can be split into parts, each ofwhich is @st
approximately) a reduced-size copy of the wholeftaktal antenna's response differs markedly fr@ditional
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antenna designs, in that itis capable of operatirin good-to-excellent performance at many différen
frequenciessimultaneously the fractal antennaxaallent design for wideband and multi-bandappidoat

[1.IPythagorean Tree

The Pythagorean tree is a plane fractal construitted squares. It is named after Pythagoras beceaask
triple of touching squares encloses a right triangl aconfiguration traditionally used to deplot Pythagorean
Theorem. Increasing the number of segments magaser the coupling between branches. Size ofthe firs
segment determines the one of the resonant fregudribe antenna. Scalefactors may decide the batiween
the successive resonant frequencies. [1] Thebragchngle also affects the coupling. However it dnes
affect the ratio of resonantfrequency if the lesgihd widths of the branches are not dependeriteartgle.

2D Fractal Antenna

A fractal patch antenna is first designed to retora 2.4 GHz. The relation between the dimensibaro
equilateral triangle patch and the resonant frequéngiven in Equation

2¢ 1
fm = 3a(e)1 (mZ +mn+ nZ)z (1)
2

Fig 1 the equality circuit for the pin diode foetdesign of fractal antenna.

In the equation c is the velocity of emf in freeaspe is the dielectric constant of the substrate menthe
corresponding integers ‘a’ is the side length ef élquality triangle.

[1.11 Design of 3D Fractal design with fractal tree array

By Fractal tree array(FTA) antenna in which alleanmta elements are in one plame focus on 2D FTA in the

x-z plane in 3D space. FTA is the most basic argestructure of the MIMO systems. The antenna elésreme
arranged to form a 1 dimensional antenna arrayhilpaperwe assumed the antenna elements placed along
the x-axis and 3D channel coefficients of FRA ialgmed in this subsection.

Antenna Elements

Sub path

Fig 2 Design of 3 D fractal Antenna by Geometry iDes

As shown in the figure 2, the symbgl 6 the elevation angle and azimuth FRA antenna ei&nare
equispaced with an interval dffon x axis We denote the channel coefficient forrfienultipath component (n
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=1,2,....N) as Ht) which represents the transmission from the 8 86. The proposed channel coefficient
describes the propagation of mixed horizontal aedtical amplitude of each subpath. Then thes)th
component (s =1,...s; u=1...,u) can be expressed as

ynm = |H|cosev. cospnm + |H|sine. cospnm. sinpnm(2)

By applying the 3D fractal antenna on a MIMO system observe the relation of MIMO with the help of
fractal antenna design for this derivation and ltam the results, here we are first designing 3befractal
antenna.

A. Description of a Fractal Antenna Array

The FTA is designed to be resonant near the ceffitdre ISM band for wireless LAN at 2.44 GHz. Sieaeh
antenna element is a center fed doublet, eachoéithe base of the tree must be fed 180 degreesfqltaseso
that it will radiate efficiently. The design of a42GHz microstrip via-hole is obtained from [6] feedeach
antenna efficiently, as shown in Fig. 2. In additithe lumped element (R-L-C) equivalent model tfog S
parameters of a commercial RF PIN diode switchéndpen and closed bias states is obtained from [6]
Incorporating these two aspects enhances thetfidagflithe EM simulation so that when the FTA islhuhe
simulated design will be an accurate predictorexfgrmance.

Antenna Performance

As part of this work, the FTA shown in Fig. 4 isnslated in the MATLAB simulation tool [10] while
thenetwork of RF PIN diode switches are modeleghiious configuration states for the left and riglegments.
Fig. 3is the H-Plane 2D far field gain pattern fbe previously described two stageFTA for five tsf inany
possibleconfiguration states. It is interestinghte that if the gain pattern is mirrored aroursdviértical axis
then the peaks of the lobes are often aligned thighnulls of the mirrored antenna, leading to amgiearrival
with lower spatial correlation values between antenand possibly enhanced MIMO capacity. Fig. 4nvsho
that this antenna has a minimum return loss ofdB6or lower at 2.44 GHz for the simulated configimas
while the minimum of the return loss for all intexdiate switch configuration states lie between“tieOn”
versus “All Off” states.
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Fig 3 Design of 3D fractal antenna

(courtesy: Evaluation of the Reconfigurable Pdniteactal Tree Antennafor Enhanced Pattern Diyensit
MIMO Systems )

The design process for FTA is to iteratively sedarhan acceptable return loss (-10 dB or as casgmssible)
at the desired center operating frequency (2.44)G#en the antenna is switched into its longesshadest
configurations.

1. CAPACITY IN MIMOCHANNEL MODEL

A narrowband, non-frequency selective MIMO systethwi;transmit andNgreceive antennas has thefollowing

expression for the received signal at thereceiver:
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X =Hx + N (3)

Where X is the I\ received signal vector , X is the N transmitted signal vector , H is thg*NN,channel
transfer matrix and N denotes the additive whitausd@mn noise. In a double side band spatially @iee
Rayleight faded MIMO channel , the channel matrixgfound by the Kronecker model [8] as:

1 1
H= R.2H.Rz2 (4)
Where RR; N;N; denote the receiver and transmitter spatial caticel matrices for the receiver and transmit
array and

HeCN*N is a matrix of complex Gaussian fading coefficient

The average spatial multiplexed MIMO capacity whegeal transmit power is allocated to each anténa

C=x%Y_.log [det (Y +%.Hn.z—2)] (5)

N

where Nnis number of discrete i.i.d. realizations of NN.Gaussian distributed randomnarrowband channel
mixing matrix, .Thé&l matrices obtained for each channel mixing matri#narmalized via the Frobenius
normalization factor, Nas defined by (4) where }|if the Frobenious norm.

[1H]]2

Nf = M2 ()

Nt.Nr

The spatial correlation matrices for the transmi geceive arrays are found by (7). This modifiedsion ofthe
3D antenna spatial correlation function uses amapic antenna as the common basis of comparison.

_ . $rr Edm(p).Ed(9)Pp(0)+EP(9)PP(9)}

Rmn = (15 rs@rs@reampoen 02 ()

Where ¢ represent the coordinate poigit, @) in the spherical coordinate system and the cotstH solidangle
integration in spherical coordinates in (8) are

$do = [ [ sinpdg (8)

Y(¢),Y(6)are the power angular spectrum (PAS) for the atlaeid phi polarization, which are defined by a
Laplacian distribution with an angular spread ofd&@rees for an typical indoor propagation chaft@]. The
XPR term is the cross polarization ratiq,fR) of the PAS, set to unity in this case, angaBd En are the theta
and phi polarized electric fields of thé"antenna. In the case of isotropic ally normalizpdtisl correlation
factor, the following unity equalities must be met:

$UES()12 + [Egm(p)I2)dp = 1
${IEON ()12 + |[EOm(9p)|2}dp =1 (9)

Additionally, the following unity equalities mustebmet so that the PAS has the required properta of
discretePDF.
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Since eachlFTA antenna configuration state has a differentesysefficiency due to its matching andradiat
efficiency being a functioof the FTA switch configuration, it is necessaryréintroduce the systemefficien
back into the “effective” spatial correlation mates follows [1]

Rmn = Rmn/ym(1 — km).ym(1 — kn)2 (10)

Whereym andcnmisthe reflection coefficient ai radiation efficient of the fharray element, respectivi.

Figs. 5 and 6 show the gacity CDFs for two differerFTA obtained by evaluating several possible tratesmali
receive MIMO array combinations for 500 instancestiee channel mixing matrice , H in a Monte
Carlofashion. Then, by assuming tithe perfect channel state information existstloa transmit side of th
link, the Txand Rx MIMO array configuration that riaizes capacity is selected for each channelzatdin

as the"Optimal” configuration. of the simulatedagriconfiguration:

V. Result and Simulation

Fig 4 : gainpattern of antenna for 2stages fractal antenna
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Fig 6 capacity of two stages, two branch for freatdenna
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Fig 7 compression of two stage in 900 in differsets

V.CONCLUSION

The results show that theFTA effectively explapatern diversity through its unique shape andpitase
Simulations of MIMO capacity with a perfect feedkahannel show that the two stage, two branchFTé\aha
higher improvement over the one stage. This modsil be considered unrealistic so performance in Biptel
cluster model, raytracing model, or measuremerithgilconsidered in future work.
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