BUKU PROFIL PENYELIDIKAN SKIM GERAN PENYELIDIKAN

FUNDAMENTAL (FRGS) FASA 1/204

L

192.168.1.3""

\

PC with NetFPGA board
a==ox= 192.168.1.2
192. 168 1 4*"

& Capturing from ethd fwWireshark 1.6.2}

Controller PC

192.168.1.1

File Edit View Go Caplure #ralyze Statickics ‘Telephony Tools internals Halp
T 4 z i
Boeea € Q¢ 3FT4& BE QAaQF @88 -
Filter: | - Expressmn Clear Apply
B Destmatmn Protocol Length Info !
T183168.13 T TR T T66:6633 > 46438 [ACK) Seq=333 Ack=585 Win=15557 Len:
_191271_68 1.2 f]'CI?_ * 7416633 > 49438 [PSH, "ACK] Seq=333 Ack=385 Win=1555.
.192.168.1.1 ) (« S| _65/40438 > 6633 [ACK] Seq=585 Ack=341 Win=5888 Len=
iBroadcast “[ARP 60;Who has 192.168.1.37 Tell:192.168.1:2
iBroadcast SARP, 66/who’ has'192:168,1.37 Tell 192.368.1.2
; 69.who has-192.168.1.37 Tetl 192.166.1:2

] Broadcast {ARP

: j : .iARP 66.Who has 192.168.1.37 Tell’ 192.168.1.2
38551157 738976 Intelcor 462 9.52 Broadcast ARP Wﬂho has 192.168.1.37 Tell 192.168.1.2
3861358739115 IntelCor d6:dD:52 Broadrast _;ARP _68;Who has. 102.168.1.37 - Tell is2, 168.1,2

367 1165.313502 192.166.1.2 1192.166.1.1 P Taaea -

388:1365.313555,192.168.1.1 '192.168.1.2 .f-rcw 66'6633 > 48438 [ACK] $6q=341 Ack=593 Hin-15552 Len)
369'1165.352796,192,168.1.1 1192.168.1.2 R 745633 > 48438 [PSH, ACK] Seq=341 Ack=593 Win=155
398,1165.352908.192,168.1.2 1192.168.1.1 iTCP 66.48438 > 6633 [ACK] Seq=593 Ack=343 Win=5888 Len=i
391:1186. 368645:192:168,1.2 {192.168.1.1 iTep 74149438 > 6633 [PSH, ACK] Seq=593 Ack=349 mn-sasa,
392:1180.465121:193.168.1.1 1192.168.1.2 iTCp 66.6633 > 48438 [ACK] Seq=349 Ack=601 Win=15552 Len:

A NOVEL DECISION TREE SEARCHING ALGORITHM FOR HIGH
SPEED ONLINE TRAFFIC CLASSIFICATION

Dr. Izzeldin Ibrahim Mohamed Abdelaziz
Assoc. Prof. Dr. Fahmi Bin Samsuri
Dr. Md Rizal Bin Ot hman
Amran Bin Abdul Hadi
Assoc. Prof. Dr. Sulaiman Mohd Nor
Assoc. Prof. Dr. Muhammad Nadzir Marsono

Universiti Malaysia Pahang

Faculty of Electrical and Electronics Engineering Technology
izzeldin@ump.edu.my

FRGS Field: Technology and Engineering




METHODOLOGY

Research methodology represents the basis behind a research study as it dictates the selection
of methods for data collection and analysis, as well as the perspective applied for analysis
interpretation. As such, this section describes and discusses the research methodology
employed in both designing and evaluating a novel decision tree searching algorithm for

high speed online traffic classification

Figure 1 illustrates a well-defined methodological research operational framework of the
study, which consist of the following primary procedures: data collecting, data
preprocessing, features extraction, classification model and output. The system are placed
before an edge router or a campus gateway. Therefore, all the transmitted and received

packets passed through the classifier as shown in Figure 2.
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paths existed in the design. The first path shows that the Ethernet packets are received by
NetFPGA board through the 1G Ethernet ports and going through all the pipeline stages,
then transmitted back to the network through the same Ethernet ports. For the second path,
at the moment the packets are captured by the NetFPGA Feature Extraction Module, the
packets are duplicated to undergo flow demultiplexing, feature extraction and transfer
mechanism. Transfer mechanism will generate features packets for each valid flow and lastly
these feature packets being transmitted to host PC through PCI bus. A Python script is run
on host PC to capture these feature packets and to convert them to readable format for C++

classification.

The feature extraction is the top level module which inserted into NetFPGA reference
pipeline in between Output Port Look Up and Output Queues modules. To make the
hardware design match with the aforementioned top level view of flow-based traffic
classification stages (packet capture, flow demultiplexing, feature extraction and
classification), the top level module is structured as in Figure 4. The submodules inside
feature extraction module are packet capture, flow demultiplexing, feature extractor, inactive
flow detector, UDP flow generator and arbiter. The functions of each submodules are

summarized in Table 1
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The interface between the hardware feature extraction module and software classification
and incremental learning module are constructed using Python build-in library, Scapy. The
feature packets are sniffed and according to its format as shown in Figure 5, five feature
parameters located in data field could be extracted and written to a text file. The classification
sytem read inputs from text file, thus flow features have to be reconstruct into readable
format and written to a text file. This software classifier predict class for each input flows.
In order to determine its accuracy, the actual class for each flow must be known. This semi-
supervised incremental learning classification subsystem is targeted to classify five classes
of network traffic which are Web, mail, P2P (peer-to-peer), Skype and MSN (Windows Live

Messenger).

An experiment has been setup to measure performance of NetFPGA hardware system.
Simulation is done on feature extraction hardware module to measure its processing time.
On the other hand, a case study is done to measure the performance of software classification
system by using an available network traffic data sets with associated ground truth as input

data

LITERATURE REVIEW

The evolution of the Internet has induced various multimedia applications (such as Skype,
IPTV, etc.) to emerge and gain rapidly popularity. It becomes a vital issue for Internet
Service Providers (ISPs) to identify the application types of traffic carried on their networks.
Classifying network traffic is the foundation for applying the appropriate QoS feature to that
traffic, such as traffic shaping and traffic policing, enabling one to allocate network resources
to deliver optimal performance for specific type of traffic. The research field of network
traffic classification gains sustained attention while more and more applications emerge on
the Internet. Many applications often use obfuscation techniques such as encrypted data
transmission, changing or randomly selected ports to prevent detection [1]. The increased
capacity and availability provided by breadband connections have led to more complex
behaviors arising from various emerging applications and services, inevitably imposing
restrictions on the practical deployment of traffic classification system. These challenges
include acquisition of ground truth for network applications, quick extraction of flow
features, identification of flows containing changing user behavior patterns and various data

characteristics.



of memory accesses may be needed for branching decision. Since the authors have not
implemented their design on FPGA, the actual performance results are unclear. Note that the
number of memory accesses for each packet to traverse the decision tree is varying and
highly depends on the data set. This makes it difficult to pipeline the tree traversal to achieve
high throughput.

FINDINGS

1. The proposed system design utilizes less than 30% of the NetFPGA resources

compared to the switch design and able to achieve maximum frequency of 86.34MHz

2. Processing time of the feature extraction component is measured in ModelSim
simulation by using minimum and maximum Ethernet packet length of 64 and 1518
bytes as input packet. For minimuman packet length, it takes 58 clock cycles (which
correspond to 0.646us) to complete the packet capture, flow demultiplexing and
feature extraction stages, whereas for maximum packet length, it takes 223 clock
cycles (which correspond to 1.784us), approximately fourfold processing time as
compared with the minimum packet length. The processing time could be further
improved by increasing the clock frequency, and in this case clock frequency for 1G

NetFPGA platform is 125MHz

3. The experiment is setup for a period of 100s, and bandwidth is measured for every
one-second interval. The proposed NetFPGA hardware system is able to achieve

cumulative bandwidth of 939Mbps without packet loss

4. The results show that the proposed design is feasible to be implemented for online
traffic stream classification due to its high throughput and high classification

accuracy.

CONCLUSION

The proposed design on NetFPGA is able to perform packet capture, flow demultiplexing,
feature extraction and transfer features to host PC on online traffic data without packet loss

at bandwidth of 939Mbps. The feature extraction hardware module with low processing time



Beamformer, International Jowrnal of Computing, Communications &

Instrumentation Engg. (IJCCIE), Vol. 3, Issue 1, pp 89-95

HUMAN CAPITAL DEVELOPMENT

One (1) PhD Students
Muhideen Abbas Al-doori, “An Efficient Algorithm for Respiratory Rate Extraction Based

on A Novel Photoplethysmography Sensor Probe Design and Hybrid Processing of Adaptive

Filter and Wavelet Transform™. 2017.

REFERENCES

[1]

(2]

(3]

[4]

[5]

[6]

[7]

Aiqing Zhu, “A P2P Network Traffic Classification Method Based on C4.5 Decision
Tree Algorithm”, Proceedings of the 9" International Symposium on Linear Drives
for Industry Applications, Volume 4 Lecture Notes in Electrical Engineering Volume
273, pp 373-379, 2014.

Yanhong Xu, Rentao Gu, Yuefeng Ji, “Network traffic on-line classification using
decision tree fast parallel processing strategy”, Proceedings ofIC-NIDC2012, 339 —
343, 2012.

Mula-Valls, O.: A practical retraining mechanism for network traffic classification
in operational environments. Master thesis, Universitat Polit'ecnica de Catalunya
(2011).

M.H. Ho, Y.Q. Ai, T. C.P. Chau, S. C. L. Yuen, C.S. Choy, P. H. W. Leong, and
K.P. Pun. Architecture and design flow for a highly efficient structured asic. VLSI,
pp. (99):1, 2012.

A. Monemi, R. Zarei, M. Marsono, and M. Khalil-Hani. Parameterizable Decision
Tree Classifier on NetFPGA. Advances in Intelligent Systems and Computing,
182:119-128, 2013.

0. Ahmed, S. Areibi, and G. Grewal, “Hardware Accelerators Targeting a Novel
Group Based Packet Classification Algorithm”, International Journal of
Reconfigurable Computing, Volume 2013, Article ID 681894, 33 pages, 2013.
Chen, Z., Yang, B., Chen, Y., Abraham, A., Grosan, C., Peng, L.: Online hybrid
traffic classifier for peer-to-peer systems based on network processors. Applied Soft

Computing 9(2), 685-694 (2009).



T0000-Z100

STS J3juL
Lroz/ir/e TTLT-(4)T0T94-000TH 1 ) d

o T0000-7T00 S

0S9°E 00310
00 LT0g/Ti/6e TTL1-{4)10T8d-000TN LS i 2|1Zej3pqy PaWeyon :wnu_.__w”._un_“ __”mwn“wmu”.mﬂ._.
oo.oﬂ.ﬁ ST0Z/20/90 6T0ZSE0I6NLT EEVIE] hs_ﬂe_\,_ an e E.E_smz mc_ﬁ.amm ¥10e/1 SOU4 dAIN {4
00089y S10Z/L0/90 7981006 {l13a) 2d 331) UOISIIDQ |SAON Y £
00°062°S ST0Z/L0/90 62602V {uozian) 2d 4
00°86T'¢ ST0Z/L0/90 Z81s6eva pie) yadiienN t

SOYL/3OVY/SOVY/SO
(W) Tvsv NVYH31043d NVYV.LiVaN3d NVMIQINIANId (r10Z/1 HOLNOD) ¢
1INN NVON 135V YIAYN VALV UN/SDUd 43/59ud idl Tia
NVHII0UIdVONVH |  HvL 141S ON N NVONVIIE PV M3rOHd NNFVL vsv4 /s9 zﬁwuwdm_wﬂ feonia)

(SD¥d) 1I99NIL NYHIQIANId NVIYILNIWIN TVANIWVANND NYIIGNIANId YNVA HYMYE 10 VGO VLYVH ¥Vi4va IVIYNIS




Indian Journal of Science and Technology, Vol 9(30), DOI: 10.17485/ijst/2016/v9i30/99275, August 2016

ISSN (Print) : 0974-6846
ISSN (Online) : 0974-5645

Evaluating the Impact of SNOIs on SINR and
Beampattern of MVDR Adaptive Beamforming

Algorithm

Suhail Najm Shahab", Ayib Rosdi Zainun', 1zzeldin Ibrahim Mohamed', Waleed M. Sh. Alabdraba?

and Nurul Hazlina Noordin’

Faculty of Electrical and Electronics Engineering, Universiti Malaysia Pahang, 26600, Pahang, Malaysia;

68suhel@gmail.com

2Enviromental Engineering Department, College of Engineering, Tikrit University, Irag

Abstract

Minimum Variance Distortionless Response (MVDR] is basically a unity gain adaptive beamformer which is suffered from
performance degradation due to the presence of interference and noise. Also, MVDR is sensitive to errors such as the
steering vector errors, and the nulling level. MVDR combined with a Linear Antenna Array (LAA) is used to acquire desired
signals and suppress the interference and noise. This paper examines the impact of the number of interference sources
and the mainlobe accuracy by using Signal to Interference plus Noise Ratio (SINR) and array beampattern as two different
Figure-of-Merits to measure the performance of the MVDR beamformer with a fixed number of array elements (L). The
findings of this study indicate that the MVDR successfully form a nulls to L-1 nonlook signal with average SINR of 49.31
dB. Also, the MVDR provides accurate mainlobe with a small change to the real user direction when the SNOIs are bigger
than array elements. The proposed method was found to perform better than some existing technigues. Based on this
analysis, the beampattern not heavily relies on the number of unwanted source. Moreover, the SINR strongly depends on

the number of SNOIs and the nulling level.

Keywords: Beamforming, Linear Antenna Array, Minimum Variance Distortionless Response, SINR, Smart Antenna

1. Introduction

Currently, the mobile cellular networks are experiencing
a massive evolution of data traffic, because of multimedia
and internet applications that are used by a vast number
of devices such as smartphones, mobile PC and tablets'2.
Most beamforming techniques have been considered for
use at the Base Station (BS) since antenna arrays are not
feasible at mobile terminals due to space limitations®.

The Long Term Evolution (LTE), as introduced by
the 3rd Generation Partnership Project (3GPP), is an
extremely flexible radio interface, the first LTE deploy-
ment was in 2011. LTE is the evolution of 3GPP Universal
Mobile Telecommunication System (UMTS) towards an
all-IP network to ensure the competitiveness of UMTS
for the next ten years and beyond. LTE was developed

*Author for correspondence

in Release 8 and 9 of the 3GPP specification. Maravedis,
anticipates that 3 LTE-TDD and 59 LTE-FDD networks
will be running worldwide by the end of 2011. By 2016,
there will be 305 million LTE subscribers, which means
about 44 million (14%) will be LTE-TDD clients and the
remaining 261 million (86%) will be LTE-FDD*. With
the increasing trend of he number of subscribers and
demand for different services in wireless systems, there
are always requirements for better coverage, higher data
rate, improved spectrum efficiency and reduced operating
cost. To fulfill this requirement, beamforming technique
is able to focus the array antenna pattern into a particular
direction and thereby enhances the desired signal power.

Interference is one of the significant obstacles in the
wirel-ess networks. It can be caused by other users or
by the signal itself’. The signal can interfere with itself
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an isolation from the null, and by rejecting interference
presented on the array system. Whereas no complete
assessment of the SINR and the beampattern as a func-
tion of all the above mentioned parameters. The analysis
of the MVDR in this work is carried out in three differ-
ent scenarios where the MVDR performance is assessed
with two important metrics; SINR and beampattern.
This investigation not only helps to better figure out the
MVDR beamformer, but also helps to form a better array
system in real-world application. The remainder of this
paper is organized as follows. In Section 2, MVDR beam-
former based on linear antenna array design method with
the signal propagation model is described. The simulation
results and performance analysis are provided in Section
3. Finally, in Section 4, the paper’s conclusions and sum-
mary of MVDR performance are described.

2. System Model and MVDR
Beamforming

In this section, the mathematical formulation of the
design model for adaptive beamforming will be pre-
sented in detail. Consider a single cell with L elements
antenna array. Let there be § wanted signal sources and
Iinterference sources spreading on same the frequency
channel at the same time. The algorithm starts by cre-
ating a real life signal model. A number of plane waves
are considered from K narrowband sources imping-
ing from various angles (6, @). The impinging radio
frequency signal reaches into antenna array from far
field to the array geometry of Linear Antenna Arrays
(LAAs). A block diagram of the antenna array using
DOA and BF process is shown in Figure 1. As dis-
played in this figure 1, after the signals are received by
antenna arrays consisting of the wanted user signal, the
interference source, and the noise, the first part is to
estimate the direction of the arrival of the § signal and
I signals using a well-known algorithm developed by
capon, named MVDR spectrum estimator, to find the
DOA angles of several sources. However, the MVDR
estimator algorithm wants information of the number
of sources. With the known direction of the source,
then the second part is applied by using MVDR ABF
technique that places a straight beam to § signal and
placing nulls in the direction of I signals. Each signal
is multiplied by adaptable complex weights and then
summed to form the system output.
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Figure 1. A smart antenna array system using DoA and
beamforming process.

The total composite signals received by an adaptive
antenna array at time index, t, become:

%= O+ Y0 +x, 0

s i
=2 %(0a@)+ ) xa@)+x, @
s=1 i=1

Where x,(t) € C*", x(t), x(1), x (t), denote the
desired signal, interference signal and noise added from
White Gaussian noise, respectively. The unwanted signal
consists of x,(t)+x () and I is the number of interferences,
the desired angle and interference direction of arrival
angles are 6 and 6, , i=1,2....,1, respectively. a(6) denote
the steering vector or array response for wanted signal
while a(6) refers to the interference signal steering vector
or array response to the unwanted signal.

Steering vector is a complex vector € C*** contain-
ing responses of all elements of the array to a narrowband
source of unit power depending on the incident angle,
which is given by™:

LxK

1

e—jquin &,

—J 2dsiné,;

a@,,)=|e 3)

—j1 (L-1)dsin 8, ;
e}]( ) ,

Where j is the imaginary unit, (i.e, j?= -1), d is the
spacing between elements and g is the wave number given
as:

q =7 4)

Indian Journal of Science and Technology I 3 [
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This method reduces the contribution of the unwanted
signal by minimizing the power of output noise and inter-
ference and ensuring the power of useful signal equals to
1 (constant) in the direction of useful signal w"a(6 )=1.
By using Lagrange multiplier, the MVDR weight vector
that gives the solution for the above equation as per the
following formula?;

R;'a(,)
w =—
"R a (0,)R)a(6)

Inserting Equation (22) into Equation (12), the output
of MVDR is given by;

y(t)=w" () %.(6)
=w”a(8)x,(t) +w x,(t)a@)+w"x, (23)

=x,O)+w x () a@)+w'x,

(22)

The output signal power of the array as a function of
the DOA estimation, using optimum weight vector from
MVDR beamforming method?, it is given by MVDR spa-
tial spectrum for angle of arrival estimated by detecting
the peaks in this angular spectrum as®:

1
Boor(@) =
R a"(6)Ra(8)
Finally, the SINR is defined as the ratio of the desired
signal power divided by the undesired signal power:
2
- DR
E{y,, 0} W R,

(24)

SINR

3. Simulation Results and Analysis

In this study, the performance of the proposed MVDR
beamformer method is presented, and illustrative for
the array of L linear antenna elements configuration
is arranged along some axis added to the beamformer
system at the cellular Base Station (BS). The array
receives signals from different spatially separated users.
The received signal consists of the intended signal, co-
channel interference, and a random noise component.
To increase the output power of the desired signal and
reduce the power of Co-channel interference and noise,
beamforming is employed at the BS. The antenna array
elements separated by inter-element spacing, d, at carrier
frequency (Fc) of 2.6 GHz, which is the spectrum band
allocated to LTE operators in Malaysia®. To measure the
performance of the MVDR algorithm for ABF applica-
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tions with varying number of SNOIs, nulling accuracy to
the interference source. The goal is to analyze the effects
of intefereing signals to achieve the best beamforming
capabilities that form the mainbeam in the wanted direc-
tion and null in the directions of interference with highest
output SINR.

The incident fields are assumed to impinge from the
direction angles 8 = 0° and 6, = {1, 2, ..., L+1} in the
azimuth plane (-1/2 < 6 < n/2). Throughout the simula-
tions, the array is illuminated by uncorrelated sources of
equally power levels. Three different scenarios are consid-
ered, and the simulation parameters setting in this study
is shown in Table 1.

Table 1. Key simulation parameters of MVDR
beamformer

Key System Parameters Values
Array antenna configuration LAA
Antenna type Isotropic
Carrier frequency (Fc) 2.6 GHz
Beam scanning range £90° (Azimuth)
Number of element (L) 8
Element spacing (d) A2

# SOI 1

# SNOIs 1:9
SNR [dEB] 10

INR [dB] 10
Snapshots (ns) 250

3.1 The First Scenario

Using multiple antennas at the BS can reduce the effects
of co-channel interference, multipath fading, and back-
ground noise. Many BF algorithms have been devised to
cancel interference sources that appear in the cellular sys-
tem. MVDR algorithm can null the interferences without
any distortion to the real user path.

The first simulation scenario reveals the results calcu-
lated by considering the distance between array elements
set to be d=0.51 with Signal to Noise Ratio (SNR) =
Interference to Noise Ratio (INR) = 10 dB and number
of data sample = 250. Figures 2 and 3 illustrates a typical
2D MVDR beampa-ttern plot displayed in a rectan-
gular and polar coordinates, Uniform LAA with L = 8
elements, the additive noise is modeled as a complex zero
mean white Gaussian noise. Four interfering sources are
assumed to have DOAs (6) at +15° and +30° respectively.

Indian Journal of Science and Technology | 5 -
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sors increases, the mean cost of design increases due
to the increasing number of RF modules, A/D convert-
ers, and other components. This causes the operational
power consumption to increase as well.
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Figure 4. Line plot — beampattern analysis of MVDR with L
=8,d=M\2and SNOIs=7.
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Figure 5. Polar plot - beampattern analysis of MVDR with
L=8,d=MA/2and SNOIs=7.

3.3 The Third Scenario

This scenario is done to show how MVDR beamformer
deal with interference source in case of having SNOIs
> L on the performance of MVDR for a desired user at
6 = 0° and nine interference signals (6) at £15°, £30°,
+50°, 60° and +80° with L = 8, d = A\/2. Figure 6 and 7
displays the antenna patterns steered to real user source
angle with the interference signal > L, it gives the out-
put beampattern with seven nulls due to the antenna
array able to provide a null of L-1 with one degree of
freedom. It can be seen that the MVDR shows null at
direction +15°, £30°, £50°, 80° with output SINR equal
t022.1 dB with mainlobe shape is unaffected as depicted
in Table 4. In this manner, MVDR beamformer found
to cancel L-1 interference source. In short, reducing

Vol 9 (30) | August 2016 | www.indjst.org

the effect of interference arriving outside the main-
lobe. This interference reduction increases the capacity
of the communication systems. Pattern nulling at spe-
cific directions suppresses the interference from other
sources located at these directions.
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Figure 6. Line plot — beampattern analysis of MVDR with L
=8,d =\/2 and SNOIs = 9.
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Figure 7. Polar plot - beampattern analysis of MVDR with L
=8,d =A/2 and SNOIs = 9.

Table 4. MVDR performance analysis for SOI at 0°
and SNOIs at £15°, £30°, +50°, 60 © and +80°

w 0 PSL Null SINR
MVDR | shift [dB] [dB] [dB]
0.1092+0.0002i -0.005 14.3 -57.1 22.1
0.1330+0.0026i |

0.1201+0.0029i
0.1372-0.00671
0.1372+0.00701
0.1204-0.00471
0.1333-0.0018i |
0.1095+0.0004i |

The graph in Figure 8 compares the SINR of the
MVDR beamformer for various interference sources
at a given background noise starting from I = 1 and

Indian Journal of Science and Technology | 7 .
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Abstract—Minimum  Variance  Distortionless  Response
(MVDR) is basically a unity gain adaptive beamformer which is
suffered from performance degradation due to the presence of
interference and noise. Also, MVDR is sensitive to errors such as
the steering vector errors, and the nulling level. MVDR combined
with a linear antenna array (LAA) is used to acquire desired signals
and suppress the interference and noise. This paper examines the
impact of the noise variance label (on2) and the number of
interference sources by using Signal to Interference plus Noise Ratio
(SINR) and array beampattern as two different Figure-of-Merits to
measure the performance of the MVDR beamformer with a fixed
number of array elements (L). The findings of this study indicate
that the MVDR have successfully placed nulls in the nonlook angle
with average SINR of 99.6, 49.6, 24.9 dB dB for on2.of -50, 0, 50
dB, respectively. Also, the MVDR provides accurate majorlobe to
the real user direction, even the on2 are bigger than desired signal
power. The proposed method was found to perform better than some
existing techniques. Based on this analysis, the beampattern is not
heavily relies on the on2. Moreover, the SINR strongly depends on
the on2 and the number of SNOIs.

Keywords—Beamforming, Linear antenna array, Minimum
variance distortionless response, SINR, Smart antenna.

1. INTRODUCTION

URRENTLY, the mobile cellular networks are

experiencing a massive evolution of data traffic, because

of multi-media and internet applications that are used by
a vast number of devices such as smartphones, mobile PC and
tablets [1], [2]. Most beamforming techniques have been
considered for use at the base station (BS) since anten-na
arrays are not feasible at mobile terminals due to space
limitations [3]. The Long Term Evolution (LTE), as
introduced by the 3rd Generation Partnership Project (3GPP),
is an extremely flexible radio interface, the first LTE
deployment was in 2011, LTE is the evolution of 3GPP
Universal. Mobile Telecommunication System (UMTS)
towards an all-IP network to ensure the competitiveness of
UMTS for the next ten years and beyond. LTE was developed
in Release 8 and 9 of the 3GPP specification. Maravedis,
anticipates that 3 LTE-TDD and 59 LTE-FDD networks will
be running worldwide by the end of 2011. By 2016, there will
be 305 million LTE subscribers, which means about 44
million (14%) will be LTE-TDD clients and the remaining
261 million (86%) will be LTE-FDD [4].

"Faculty of Electrical and Electronics Engineering, Universiti Malaysia
Pahang, 26600, Pahang, Malaysia.

http://dx.doi.org/10.15242/IJCCIE.ER0116122

89

Interference is one of the significant obstacles in the
wireless networks. It can be caused by other users or by the
signal itself [5]. The signal can interfere with itself due to
multipath components, where the signal is gathere-d with
another version of the signal that is delayed because of
another propagation path [6]. The fundamental pr-inciple of
the Adaptive beamforming (ABF) algorithm is to track the
statistics of the surrounding interference and noise field as
well as adaptively placing nulls that decrease dramatically the
interference and noise under the restriction that the look
angle is not distorted at the beamformer’s output [7]. The
basic idea of the Minimum Va-riance Distortionless Response
(MVDR) algorithm is to estimate the beamforming excitation
coefficients in an adaptive way by minimizing the variance of
the residual interference and noise whilst enforcing a set of
linear constraints to ensure that the real user signal are not
distorted [7].

The authors in [8] proposed an enhanced model of MVDR
algorithm by replace the position of the reference element in
steering vector to be in the central of the array and the
number of elements must be odd. Simulation results show
that modified MVDR has a realistic behavior especially for
detecting the incoming signals direction and outperforms the
conventional MVDR. One of the popular approaches to
improve the classic Capon beamfor-mer in the presence of
finite sample effect and steering vector errors is the diagonal
loading, which was studied by [9]. The idea behind diagonal
loading is to adapt a covariance matrix by adding a
displacement value to the diagonal elements of the estimated
covariance matrix. Nevertheless, how to select an appropriate
diagonal loadi-ng level is a challenging task. [10] mentioned
that the element spacing must be d < M2 to prevent spatial
aliasin-g. In [11], the author presents a comparative study of
MVDR algorithm and LMS algorithm, where results show
that LMS is the befter performer. The SINR maximization is
another criterion employed in the joint transmitter and
receiver beamforming algorithms [12], [13], [14]. In an
analysis of [15], the mixing of differential algorithm based
LAA is applied to deepen nulls and lower side lobe levels
(SLLs) in the unwanted direction, and they fou-nd the max
null depth of -63 dB by using 20 element. The statistic
numerical algorithm was proposed to obtain the requirement
for the amplitude and phase error of multibeam active phased
array antenna [16]. The radiation beampattern is simulated
from the value of the random amplitude and phase errors of
phase shifter. From the results, it is found that the only way to
meet the requirement of the sidelobe level is to use digital






