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Abstract-Beamforming is a signal processing method interidgzerform a spatial filtering in which an arrayreteiving
antennas is employed to achieve full signal reoepith a specified path by estimating the signal iognirom a desired
direction (in the presence of noise) while signafsthe similar frequency from other directions aegected. This is
achieved by varying the weights of each of theixéieg sensors (antennas) used in the array. Ichlgiuses an idea that,
though the signals originating from different traritéers inhabit the identical frequency channegytlstill arrive from
various directions. This spatial separation is epped to separate the desired signal from thefeniey signals. For
determining the optimum weights, iteratively compgtmethods using complex algorithms based upderdifit criteria
are used. The purpose of this study is to analyast Beamforming technique on OFDM signals. A reeesystem model
containing linear array of receiving sensors witld aithout frost beamforming signal processingasndnstrated. The co
channel interference noise reduction is derived amction of the direction of arrival of signaldadirection of CCI noise
reception at linear array of sensor. The frequersponse of received OFDM signal is observed aneffiects on received
spectrum and throughput are analyzed in all thescas

Index Terms- Co channel Interference (CCI)1; Orthogon FrequerBivision Multiplexing2; Beamforming
Technique3; Noise Rejection4.

Thus, they can overlap without interfering. As aulg

1. INTRODUCTION OFDM systems are capable of maximizing spectral
Orthogonal Frequency Division Multiplexing (OFDM) efficiency lacking causing adjacent channel intenfiee
technique is a simple building block for variousremt  [3].Beamforming iscompleted by phasing the feedfach
modulation schemes including; 802.11 WLAN, 802.16 €lement of an array so that signals received aisteared
WIMAX, and 3GPP LTE. OFDM is a digital multi-carrie from all features will be in phase in anindividaidection.
modulation scheme that covers the concept of singleThe phases (the inter element phase) and usually
subcarrier modulationwith multiple subcarriers withhe ~ amplitudes are adjusted to optimize the receivguedi
same single channel. Instead of transmitting a raigh
stream of data with a single subcarrier, OFDM makes 2. OFDM SYSTEM MODEL
application of a huge number of closely spacedogitinal ~ Orthogonal ~ Frequency Division Multiplexing is a
subcarriers that are transferred in parallel. Eseitycarrier ~ frequency division multiplexing (FDM) scheme utdit as
is modulated with a conventional digital modulation @& digital multicarrier modulation system. A hugenher
scheme (such as QPSK, 16QAM, etc.) at small symbolof closely spread out orthogonal sub — carrierssisd to
rate. However, the grouping of many subcarriersblsa ~ carry data. Figure 1 shows a block diagram of aDKIF
data rates similar to orthodox single-carrier matiah system [4].
schemes within equivalent bandwidths. OFDM procedur

increases the symbol length by distributing theirent

channel into many slender sub channels and| /S [ Modu P} FT PSP Cpdic HD/A B |y e
communicating data in parallel [1, 2]. af , ,

A key problem linked with orthogonal frequency digin on Prefi Conversion | | nnels
multiplexing is its huge peak-to-average power orati

(PAPR). This PAPR lowers the system performance by +
introducing nonlinearity in the devices such as gow Mod ,

amplifiers (PAs). In order to moderate nonlinear odu Cyclic Down - AWG
distortion, direct high power amplifiers and analegto S/P “ lation T S Prefiy AD Conversion | | N
digital converters with a large dynamic array aquired,

but such power amplifiers are inefficient. Sub-gag in
an OFDM system are overlapping to maximize spectral
proficiency. Normally, overlapping contiguous chalmn

Fig. 1: OFDM Block Diagram

OFDM systems are applied using aamalgamation df fas
Fourier Transform (FFT) and Inverse fast Fourier

can affect with each another. However, sub-cariiersn y
Transform (IFFT) chunks that are mathematically

OFDM system are precisely orthogonal to each amothe
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equivalent versions of the DFT and IC, respectively,
but easily implemented. ArOFDM system treats tt
source symbols (e.g., the BPSK, QPSK or QAM sym
that would be present in a single carrier systetnjha
transmitter in the frequenayemain [5] These symbols
are used as the inputs to an IFFT block icarries the
signal into the time domain. The IFFT takes in Mhbpls
at a time where N is the number of Subeers in the
system.

EveryN input symbols has a symbol period of T seco
Recall that the basic functions for an IFFre N
orthogonal sinusoids. ER and every sinusoi have a
specific frequency and the least frequy is DC. Even
input symbol performlike a complex weight for e
matching sinusoidal fundamenfaiction. Since the inpt
symbols are difficulAmplitude and phase values of 1
sinusoid signal for all sub carrier are determibgdthese
symbols [6].

The IFFT output is the summation of all N sinuso
Thus, the IFFT block delivers a modesty totemper data
onto N orthogonal subcarriers. The block of N ot
examples from the IFFT make upsiagle OFDM symbol
Later on further processing in the tirdemainthat results
from the IFFT is transferredcross the channel. Figur
shows the block diagram @FDM transmitte[7].

IS ¥ Modu ¥ FFT [ S/P b Cyclic HHD/A B Up
lation

Prefiy Conversion

Fig. 2: OFDM Transmitter Bloc}k

At the receiver end, FFTonverts the sign into the
frequency domain. These are tbdginal signals ideally
those weresent to the IFFT at the transmitter. Wt
designedin the complex plane, the FFT output sam
form a group.Time domain signal shows rfixed shape
when it is plotted in complex plane. Sbjs good idea to
have an frequency domain signal[8L1QFDM receiver is
shown in Figure3.

b1y Ly O »{P/s 5| T 1 el [ 5P
Conversion Pref

Fig. 3: OFDM Receiver Blocl

3. BEAMFORMING TECHNIQUES

Beamformingis an advanced signal processimethod
which, when engagediong with an array of transmitte
or receivers will be proficientof monitoring the
'directionality of' or 'sensitivity to' a particulaadiation
shape This method creates the radiation pattern of

antenna array by adding theases of the signals in the
desired direction and by nuling the pattern in the
several directions. Thesntomlelement phase usually
adjusts the amplitudes &devatt the received signal [12].

Microphone arrays based on the minimum varic
distortion less rgponse (MVDR) beamformer are amc
the most popular for speech enhancement applica
The original MVDR is extremel' sensitive to source
location and microphone gairFormer research has made
MVDR practical by successfully increasing the rabass
of MVDR to source siteand MVDF-based microphone
arrays are commerciallpcan. Nevertheless, MVDR
performance is quiateak in cases where microphone ¢
variations are unreasonalayge,e.g., forounded arrays of
directional microphones [14]

Linear constraint minimumvariance LCMV) depends on
the received weight vector of the desirsignal [14,
15].Frost’'s beamformas shown irFigure 4(a)comprises
of an array with Ksensors, where eve sensor is followed
by a transversal filter with J weights. The numiud
weights is equal foall transversal filters. The to of the
filter outputs is the beam former output. Weighte
updated by Frost's constrained least meaiare (CLMS)
algorithm which minimizes the mean square errothef
output signalwhile satisfying a constraint []. In order
the input signal s(tjo be passed without any distortic
the impulse responséd the whole system must be s to
the unit impule. This responssignifies the constraint for
the weights of all filters. The whole system can
replaced by one transversal FIR filter for the aigs(t).
The replacement is shown in ure 4(b), where f1, 2, .; f
is the impulse response for the sig Constraint equations
can be written also imatrix form as

]

Where, Wstands for weight matrix witactual elements

wk
: l (2)
w jk

wil

wik—k+1

To discuss the Frost’s beam former behavior inilidét
us define some relationshipgeded. The digitized input
noisy signals[n].

Where,i=1,2, ..., JK are formed by components of
clean signals(t) and noisgt).

The vector™x[n] represents noisy signals on taps,
vector w involveweights value, and the vector
represents the constrained impulse response andatrix
C will be used in constraint formulati.

X [l = Dxaln] xz[n] . ... %] ],

W= Wy Wa .. Wi,

FT= [flfz. C ﬂ,

C=[cc. ..ql. 3)
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Elements Crepresent the column vectors of length jk with

(i-1) K zeroes followed by K ones and(JK zeroes

.10 0...0]
)

\ J
Y T Y

4
{(-1)K zeroes kones j-ijk zeroes
Now find out the optimum weight vector for a statoy
signal w(Wiener solution) can be formulated.
The weight
minimizing, E[ys(n)]=wWe[ X(n) x(n) Tw=w "Ry, W

vector
and

satisfying the constraint '@=Fhave to be found.

Rystands for theautocorrelation matrix [16].
Wop=R "4C(C'R ™ C) 'F (5)
and the adaptive CLMS algorithm

w[o] =,
w[n+ 1] = P(w[n] —py[n]"x[n]) + . (6)

The vector f and the projection matrix Pare defiaed

f=C(C'C)'F,

P =E-C (CC)'C. (7)
Positive scalar pis a step-size parameter. Thetamieof
M is the trade-off between the convergence time thed

miss adjustment of weights from Wiener solution. An
easily computable upper bound for p is given by p

<2/(BE['X"X]).

x1(t) x1[n] TrK—K+1(n]

WIiK—-K+1

x2(t)
s(t)

O

1(t)

ri(t) xrn]

Lop [TIJ

Wi WaK

s(t) s[n]
O— .o
NS NGB W
ok I

b Jrl = Z{‘:l wi JFZ = Z?:K—l Wi JFJ = i=JK— K41 Wi
Fig. 4: (a) Frost's beam former structure,
(b) Frost's beam former from s(t) view - constraint
formulation[3]

The convergence performance and the choice ofieplye
discussed in [17].
The alternative form of “Eq. (6)” for the implematibn is

W [+ 1] =w[n] —py[n]xn]—
() _
wi [n] = py[nleiln] + [ || + 1)/
k-1

(8)

The signal vector of array componentsshown in “Eq.
9"[17].

A(@) — e{j 2n/A (sin 6i)d} (9)

Where,d is angle of direction of appearance of signal with
the axis of array, M is no of receiver antennaiiedr
array with d spacing between the antennas as shown in
Fig. 5.

i

YaY Y Y

1 2 3 M

Fig. 5: Beamforming linear array of receivers

4. SIMULATION AND RESULTS

Table 1.Considered parameters for simulation

No of Receivers Sensors 4

Initial Sensor Weights [0.2 0.4 0.6 0.8]
Sensors Spacing 0.5 meters
Lambda 0.0759

No. of IFFT samples 274

A sample OFDM signal is generated through random
values, which is showing in figure 6(a). A sampleoise
signal is taken which is shown in figure 6(b). Thisise
signal is introduces in sample OFDM signal. Maingmse

of this study is to filter out this noise from theceived
signal at receiving end.
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Figure 7(a) is showing noisy signal which is reegliv
at the receiving end. Figure 7(b) - (j) depicted interference as given in table 2.
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Table 2.Figures respect to beamformed signal witlieaof direction of arrival of signal and anglecof
channel interference.

With Frost Beamforming

Figure No. Angle of direction of  Angle of co-channel
arrival of signal interference in (degree
(degree)
Figure 7 (b) 0 0
Figure 7 (c) 0 30
Figure 7 (d) 0 270
Figure 7 (e) 45 90
Figure 7 (f) 45 120
Figure 7 (g) 30 150
Figure 7 (h) 30 270
Figure 7 (i) 45 270
Figure 7 (j) 60 300
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Fig. 7 (a) received signal at the receiving endhwibise and
(b)-(j)is showing beamformed signal with respecangle of direction of arrival of signal and angfeco-
channel interference according to table 2

Average bit error rate (through-put) for normaklam

reception array is observed to be 0.4964 and agerag

bit error rate for frost beamformed array is obsdrv
to be 0.0036.

5. CONCLUSION

Combination of linear sensor arrays and OFDM

[4] H.

signal and correlation between direction of signal [5]

reception and its signal strength

derived as functions of the direction ofappearaofce

is performed
throughout the study. Frequency response was

the signal and the signal processing was performed

using frost Beamforming

concept.When the noise uncorrelated among sensors

and samples dominates to the filter remains in its
initial state. Thus adaptation procedure takes no
outcome. From the graphs, it is observed thatifer t

angle of direction of arrival of signaf @nd angle of
co-channel interference %30filtered signal is most
similar to original transmitted signal.
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