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ABSTRACT

The smart antennas are widely used for wirelessneonication, because it has a ability to increase ¢overage
and capacity of a communication system. Smart aatgrerforms two main functions such as directiomarival
estimation (DOA) and beam forming. Using beam fagmalgorithm smart antenna is able to form main rhea
towards desired user and null in the direction mterfering signals. In this project Direction ofraral (DOA) is
estimated by using MUSIC algorithm. Receive Beamifw is performed by using LMS and LLMS algorithm
this Paper, in order to perform secure transmissafrsignal over wireless communication we have udebtic
sequences. This paper evaluates the performanBearh forming with and without LMS and LLMS algaritfor
MIMO-OFDM wireless system. The simulations are ieatout using MATLAB.
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INTRODUCTION

The phenomenon of multipath propagation has cauntib significantly towards deterioration of qualdf signal
received in a wireless communication system. Sévechniques for multipath mitigation are in usetlie current
wireless communication technology standards. Withgteady rise in the number of wireless devicéseam the
environment, the concept of beam forming has gapegllarity. When multiple communications are eadrout
simultaneously, then in multipath environment theeiference from different directions will also iease. This
multipath propagation causes the signal at theivecéo distort and fade significantly, leadinghigher bit error
rates (BER). To minimize the interference from eliéfint directions, smart antennas can be used atdadévers
which form the beam in the direction of the incognimultipath and reject the interference coming frother
directions.

In a wireless communication scenario, transmittgdals often propagate via just a few distinct pathr example
via a line-of-sight path between transmitter andeieer and/or via paths that are associated wigniftant

reflectors and diffractors in the environment (swchlarge buildings or mountains). If the directioof these
dominant propagation paths are known at the recaiide, beam forming techniques can be appliedyrder to
adjust the receiver beam pattern such that it Hagladirectivity towards the dominant angles afeption. By this
means, significant SNR gains can be accomplishetbmparison to an antenna array with an omni-divaat

beam pattern. Such SNR gains due to beam formgfgigues are often called antenna gains or arras gia the
literature. Similarly, if the directions of the damant propagation paths are known at the transmége, the
transmit power can be concentrated within the spwading angular regions and is not wasted forctioes that
do not contribute to the received signal. Beam fogriechniques can also be useful, in order to cedbe delay
spread of the physical channel caused by multisédhal propagation. To this end, receiver beamepatts

adjusted such that it exhibits nulls in the direcs of dominant distant reflectors. Correspondinglyhoes with
excessively large delays are eliminated from tleiked signal. The basic principle of beam formimglustrated
in Fig.1.

In the considered example, a beamformer is emplbgpeld at the transmitter and at the receiver dide. practical
system, the directions of dominant propagation pathst be estimated. This can, for example, be dgnaeans
of the well-known MUSIC algorithm. Moreover, wheransmitter or receivers are moving, the antenntepet
must be updated on a regular basis. Such adapttenr@a arrays are often called smart antennas fovase

antennas in the literature. Due to the requiredpgment and processing power, however, the use aftsamtenna
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technologies is currently limited to fixed statiprsich as base stations, or mobile stations ttatfired on
vehicles. Yet, for future wireless communicatiostgyns it is anticipated that smart antennas wélb dde feasible
for hand-held devices employing small phased arfalyscated by microstrip technology.

In beam forming, both the amplitude and phase ohemtenna element are controlled. Combined anagitund
phase control can be used to adjust side lobedearad steer nulls better than can be achieved bgepbontrol
alone. The combined relative amplitudeaad phase shiftidor each antenna is called a “complex weight” and i
represented by a complex constanpt (for the kth antenna). A beamformer for a radiansmitter applies the
complex weight to the transmit signal (shifts ti@age and sets the amplitude) for each elemenedritenna.
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Fig. 1 Principle of Beam forming Fig. 2 Adaptive Beam forming

Adaptive Beam forming

The complex weights wfor the antenna elements are carefully choserivie the desired peaks and nulls in the
radiation pattern of the antenna array. In a singalee, the weights may be chosen to give one ¢dreean in
some direction, as in a direction-finding applioati The weights could then be slowly changed terstee beam
until maximum signal strength occurs and the dioectto the signal source is found. In beam formfog
communications, the weights are chosen to gived#tian pattern that maximizes the quality of teeeaived
signal. Usually, a peak in the pattern is pointedhe signal source and nulls are created in thectibns of
interfering sources and signal reflections.

There are two types of beam forming, they are:

Digital Beam Forming

In digital beam forming, the operations of phaséftsind amplitude scaling for each antenna elemant

summation for receiving, are done digitally. Eitlggmeral-purpose DSP’s or dedicated beam formirgschre
used. Digital processing requires that the sigmaihfeach antenna element is digitized using an édbverter.
Since radio signals above shortwave frequencie® (#Blz) are too high to be directly digitized ateasonable
cost, digital beam forming receivers use analog tRRslators” to shift the signal frequency dowifiobe the A/D

converters. Once the antenna signals have bedizdiyithey are passed to “digital down-converténsit shift the
radio channel’s center frequency down to 0 Hz aaskponly the bandwidth required for one channeé ddwn-

converters produce a “quadrature” baseband outputaw sample rate.

Adaptive Beam Forming
It is the process of altering the complex weighigtwe-fly to maximize the quality of the communicat channel.
Here are some commonly used methods:

Minimum M ean-Square Error
The shape of the desired received signal waveferknown by the receiver. Complex weights are adfugb
minimize the mean-square error between the beanefoontput and the expected signal waveform.

Maximum Signal-to-Interference Ratio
Where the receiver can estimate the strengths efdsired signal and of an interfering signal, \Wtdigare
adjusted to maximize the ratio.

Minimum Variance

When the signal shape and source direction are bobthvn, chose the Weights to minimize the noisetlon

beamformer output antenna array.Adaptive beam fogrsiystems for communications are sometimes refdéoe
as “smart antenna” systems. For cellular telephone,base station with a smart antenna systemuggrog more
than one user on the same frequency, as long gsatieein different directions, by steering indivadwantenna
beams at each user. This is sometimes called &pddimain multiple access” (SDMA). It's estimatdtht the

capacity of cellular telephone systems can be dalby using smart antennas. Smart Adaptive Arraie/ma can
track the unknown interference signal in real timgomatically, that is, it can direct antenna patteith nulls

towards the interference and offer gain to the iregusignal to ensure the required signal receptsanoutput
SINR (signal to Interference and Noise Ratio) ipiaved.
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PROPOSED WORK

The proposed system uses a technique of adaptara ferming algorithm (LMS and LLMS) for MIMO-OFDM
system at receiving side by finding first the dtrec of arrival (DOA) of signal by using well knowklUSIC
algorithm for the improvement of BER performancerélwe have used encryption for security purposadiyg
chaotic encoder. This combined technique enhareasgity and performance of the system in terms BRBThe
study has focused on various adaptive beam fornalggrithms and its use in the system to improve the
performance in terms of BER.

Data ) Channel L, Symbol | Senalto L, Chaotic Sequence IFFT
Source Coding Map "| Parallel encoder
Antenna l
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Guard, Cyclic - Serial
DAC & Windowing

Fig. 3 Block diagram for the simulated MIMO- OFDM Transmitter

&

Receiver

Remove Serial to
ADC L, DOA&_ > Cyclic »  Parallel |—» FFT
Beamformint Extension
Chaotic
Output | desr)r:r:boiln P Parallel to | Sequence <
Date | pping < Serial | Decoder

Fig. 4 Block diagram for the simulated MIMO- OFDM Receiver

At the transmitter, the user information bit sequeers first subjected to channel encoding to redhegorobability

of error at the receiver due to the channel eff€dsvolution encoding is used. Then the bits ar@ped to
symbols. Usually, the bits are mapped into the symif either BPSK, QPSK, 16PSK, 256PSK. The symbol
sequence is converted to parallel format andenisypted for security purpose by using chaotiodec and IFFT
(OFDM modulation) is applied and the sequence e@ygain converted to the serial format.

Guard time is provided between the OFDM symbols #wedguard time is filled with the cyclic extensiohthe
OFDM symbol. Windowing is applied to the OFDM syntdbto make the fall-off rate of the spectrum steepbe
resulting sequence is converted to an analog sigsia a DAC and passed on to the RF modulatiogestahe
resulting RF modulated signal is, then, transmittethe receiver using the transmit antennas.

At the receiver, Receive beamforming is performgd BS and LLMS algorithm but before that by usindJgIC
algorithm the direction of arrival of signal is fodt MUSIC the method estimates the noise subspawa f
available samples. This can be done by either gajaa decomposition of the estimated array coriglamatrix
or singular value decomposition of the data matrnke the noise subspace has been estimated, & $eaengle
pairs in the range is made by looking for steexiagtors that are orthogonal to the noise subspapessible. This
is normally accomplished by searching for peakshin MUSIC spectrum. First RF demodulation is perfed.
Then, the signal is digitized using an ADC and tigniand frequency synchronization are performed.
Synchronization will be dealt with in the later 8ens. The guard time is removed from each OFDM lsyihand
the sequence is converted to parallel format and FBFDM demodulation) is applied. The output isrthe
decrypted by using Chaotic decoder and then seeland symbol de-mapping is done to get back dded: bit
sequence. Channel decoding is, then, done to getstr bit sequence.
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SIMULATION
Table- 1 Parameter s considered for simulation i i
Parameter Value/Type e .
Input size 700 bits
No. of Carriers 64 Vi SR = S”mm;ﬂw
IFFT/FFT size 64 1 )
SNR range 1-30db e
Carrier modulation | gpgy opsK 16PSK,256PSK

Channel used

AWGN,Rayleigh,Rician

Coding Technique

convolution based forward error
correction with rate 1/3

No of transmitting

Nl

2
antenna
No of Receiving 2
Antenna
Interfering Angle 100

Transmitting Angle

10°&90° compared with

20°8180°

BER VS SNR
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Fig. 5Beamforming

2 BER VS SNR

Bit Error Rate

-~ @ BER With IS/ICI Removal LLMS f
B

15
Eb/No, dB

Fig. 6 AWGN Channe

15
Eb/No, dB

Fig. 7 Rician Channel

Angle for tx1=10 and tx2=90

Table - 2 Smulation result for BPSK

15
Eb/No, dB

Fig. 8 Rayleigh channel

AWGN Channel Rician Channel Rayleigh Channel
SNR Without Beam | With Beam Without Beam With Beam Without Beam With Beam
forming Forming forming forming forming forming
4 0.01002 0.0009826 0.009237 0.00112 0.006092 60310
8 0.008484 0.0008314 0.007816 0.0009478 0.005155 0008155
12 0.006939 0.0006803 0.006395 0.0007755 0.004218 0.0004218
16 0.005397 0.0005291 0.004974 0.0006032 0.00328 000828
20 0.003855 0.0003779 0.003553 0.0004308 0.002343 0.0002343
24 0.002313 0.0002268 0.002132 0.0002585 0.001406 .0000406
28 0.000771 0.00007559 0.0007105 0.00008617 0.0004686 0.00004686
29 0.0003855 0.00003779 0.0003553 0.00004308 0.0002343 0.00002343
Angle For tx1=20 and tx2=180
AWGN Channel Rician Channel Rayleigh Channel
SNR Without Beam | With Beam Without Beam With Beam Without Beam With Beam
forming Forming forming forming forming forming
4 0.007468 0.0007075 0.007468 0.0007075 0.01238 01938
8 0.006319 0.0005986 0.006319 0.0005986 0.01048 01043
12 0.00517 0.000517 0.00517 0.0004898 0.008571 08511
16 0.004021 0.000381 0.004021 0.000381 0.006667 006657
20 0.002872 0.0002721 0.002872 0.0002721 0.004762 0.0004762
24 0.001723 0.0001633 0.001723 0.0001633 0.002857 .000P857
28 0.0005745 0.00005442 0.0005745 0.00005442 032209 0.00009524
29 0.0002872 0.00002721 0.0002872 0.00002721 0.0004762 0.00004762

By using BPSK modulation it is found that BER igpiraved for 20 and 180for AWGN and Rician channels.
Whereas the performance at angléat@ 90for Rayleigh channel is better.
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Considering Angle for tx1=10and tx2=98

Table - 3 Simulation result for QPSK

AWGN Channel Rician Channel Rayleigh Channel
SNR Without Beam | With Beam Without Beam With Beam Without Beam With Beam
forming Forming forming forming forming forming
4 0.01159 0.001159 0.01159 0.001022 0.0114 0.001238
8 0.009811 0.0008647 0.009811 0.0008647 0.009645 001048
12 0.008027 0.0007075 0.008027 0.0007075 0.007891 .0008571
16 0.006246 0.0005503 0.006246 0.0005503 0.006138 .0006667
20 0.00446 0.00039 0.00446 0.000393 0.004384 07BI4
24 0.002676 0.0002358 0.002676 0.0002358 0.00263 000R857
28 0.0008919 0.0000786 0.0008919 0.0000786 0.0@0876 0.00009524
29 0.000446 0.0000393 0.000446 0.0000393 0.0004384 0.00004762
Angle For tx1=28 and tx2=1868
AWGN Channel Rician Channel Rayleigh Channel
SNR Without Beam | With Beam Without Beam With Beam Without Beam With Beam
forming Forming forming forming forming forming
4 0.01002 0.001061 0.01238 0.001238 0.0114 0.001238
8 0.008481 0.000898 0.01048 0.001048 0.009645 0481
12 0.006939 0.0007347 0.008571 0.0008571 0.007891 .0008571
16 0.005397 0.0005714 0.006667 0.0006667 0.006138 .0006667
20 0.003855 0.0004082 0.004762 0.0004762 0.004384 .00008762
24 0.002313 0.0002449 0.002857 0.0002857 0.00263 0002857
28 0.000771 0.00008163 0.0009524 0.00009524 0.@3087 0.00009524
29 0.0003855 0.00004082 0.0004762 0.00004762 038204 0.00004762

By QPSK modulation the BER is improved for anglé@ &Ad 90 as compared to 2@nd 180 for AWGN, Rician
channels whereas it is same for Rayleigh channel.

CONCLUSION

In this work, performance comparison of MIMO-OFDMs&m is given with and without using adaptive
beamforming. The use of chaotic sequences canaserthe security prospective of the system dueHifuircation
behavior when varying the initial condition. ReceeifAdaptive)beamforming can more effectively mitega
interference and enhances the system performanteeAseamforming is done at the receiving sidednsilering
the parameters of multipath propagation charatieris of the channel like
Scattering,reflection,diffraction,attenuation ,fagliand noise,the performance of the system incsemséerms of
SNR thereby decreasing the BER. The proposed sciasdeen verified in AWGN channel, Rayleigh Fading
channel and Rician Fading channel. It has beenrebdehat BER performance of the system is improwti
adaptive beamforming.The adaptive beamforming imgsothe system performance greatly using BPSK
modulation compared to the QPSK, 16PSK and 256P$8HKufation. Many times QPSK and BPSK perform in
similar manner especially during non stationaryiemment. In general BPSK scheme should have lpastity
compared to other mapping schemes, while consiglérinterms of spectral efficiency, bandwidth and faite
support. Channels perform in the following orderténms of best (less SNR requirement) to worst @reNR

requirement) to maintain the required BER: AWGNgi&n, Rayleigh. Also it is found that angle®lénd 90 is
having better performance in terms of BER as costgpaith transmitting angle2Gnd180.
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