International Journal of Computer Applications (0975 — 8887)
Volume 118 — No. 11, May 2015

DOA Estimation of Ultra Wideband Signals by using
UWB MIMO Antenna

Mohammed H. Miry
Electrical Engineering Department
University of Technology

ABSTRACT

There has been a flourishing prospect of UWB technology in
recent years in both communication and other purposes like
microwave imaging and radar applications. In the next
generation of wireless communications, Multiple Input
Multiple Output (MIMO) communication system will be a
key technology to enhance the communication efficiency. The
popular method for estimation the direction of arrival of
sources impinging on an array of MIMO sensors is Multiple
Signal Classification (MUSIC) method is a which is a
problem of great interest in MIMO communication system. In
this work, we proposed structure of UWB antenna based
genetic algorithm and based on the design of single UWB
antenna from previous stage, we form a 10x1 UWB MIMO
array antennas to estimation direction of arrival for sources.
The proposed UWB MIMO array antennas exhibit good UWB
characteristics. In this work, we used MIMO array antennas
for application MUSIC method to estimation UWB signals
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1. INTRODUCTION

Nowadays, wireless communication systems are becoming
increasingly popular. However, the technologies for wireless
communication still need to be improved further to satisfy the
higher resolution and data rate requirements. That is why ultra
wideband (UWB) communication systems covering from 3.1
GHz to 10.6 GHz released by the FCC in 2002 [1-6] are
currently under development. The idea of Multiple Input
Multiple Output (MIMO) system has been recently become a
hot research for its potential advantages. MIMO system has
been proposed as a new system with various applications
[7,8]. Direction of Arrival (DOA) estimation is a problem of
considerable interest in MIMO array. Many methods like
Capon and MUSIC [9,10] , have been developed, they use the
data received at a sensor array to perform DOA estimation.
Estimation the Direction of Arrival (DOA) of waveform,
impinging on an array of sensors has long been of great
research interest in a noisy environment using an array of L
sensors [11]. The signals parameters are of interest are of
spatial nature, require the cross-covariance information
among the various sensors, which are the spatial covariance
matrix. This covariance matrix R consists of a noisy
covariance, and signal covariance matrixes. The covariance
matrix is estimated from a finite number of samples of the
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data vector. In this paper MUSIC method is used as it offers
better performance than others. Genetic Algorithm (GA)
[12,13] is a global probability search algorithm, which
emulates the biological evolution process of Darwin’s genetic
selection and natural elimination. It possesses self-
adaptability, global optimization, and implicit parallelism,
manifesting the strong capability in solving problems [8]. In
this paper, based on genetic algorithm, it is proposed to design
ultra wideband antenna.

2. SINGLE ANTENNA DESIGN

The model is proposed for design UWB antenna based on
genetic algorithm. In the model, based on genetic algorithm,
the antenna dimensions are selected. Where, each
chromosome is used to encode the antenna dimensions. The
proposed model is simple to implement and computationally
more efficient. The main procedure of the model is described
as follow steps:

Stepl. Using binary encoding scheme for each weight
encoded and randomly generates initial population in genetic
algorithm.

Step2. The fitness (objective) function for genetic algorithm is
defined as Sy;is defined as

i —_ i (%14 GHE =N B
Fitness = min (Y2 7.15..(f)])
Step3. The individual who have a high fitness would be to the
next generation by genetic.

Step4. Crossover and mutation operation can be used to deal
with the current population to produce the next generation of
the population.

Step5.Then decoding the new population and calculate the
error.

Step6. Repeat step2 to step5 Go to step 3 until obtaining
determined fitness value

Step7. Construct the UWB antenna with the selected string.

Fig. (1) shows the geometry of the initial antenna which is fed
by 50 Q microstrip line. The antenna is built on a FR-4
substrate with 1.6 mm thickness, relative permittivity of 4.4
and loss tangent of 0.02. Seven parameters L,, Ls, L4, Lg, R,
W3 and W, are to be optimized to achieve the design goal of
the UWB antenna. For simplicity, the parameters [L;=
3.18mm, Ls= 6mm, W;= 8.9mm, W,=1mm, W,=5.75mm,
W;s=0.46mm] are maintained constant during the
optimization.
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Fig. 1: Geometries of the proposed antenna

3. ANTENNA SIMULATION RESULTS

In this section, full wave analyses of the proposed antennas in
frequency domain are obtained by using the in CST
Microwave Studio. In simulation, Parameter settings for the
genetic algorithm are mutation rate=0.06 and population
size=20. The antenna is optimized for its dimensions
achieving the goal of reflection coefficient Sy; less than -10
dB. The dimensions for proposed antenna obtained after
optimization are [L,= 3.625mm, Ls= 5.755mm, L,= 5.358mm,
Le= 0.866mm, R= 2.484mm, W3=4.776mm, We=
5.544mm]. To verify the design and optimize antenna
dimensions, numerical simulations have been used.

3.1 Return Loss

The desired frequency response is achieved as shown in Fig.2.
It is apparent that the proposed antenna can cover the
frequency band 3.37 to 13.54 GHz for return loss less -10 dB.
The size of the proposed UWB antenna is 21.6 mm by 17.8
mm. This situation shows that the proposed approach can
successfully optimize the application of a UWB antenna and
find the optimal solution.

Frequency / GHz
Fig. 2: The simulation reflection coefficient (S,;) of

optimum UWB antenna

3.2 Radiation Pattern

The 3D plot of simulated radiation patterns at specific
frequencies about the antenna is illustrated in Fig. 3. The
radiation patterns in the figure reveal that at frequencies they
have nearly perfect omnidirectional radiation patterns. The
proposed antenna has an acceptable quasi omnidirectional
radiation pattern required to receive information signals from
all directions.
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Fig. 3: Simulated 3D radiation patterns for proposed
antenna at (a) 3.9 GHz, and (b) 10.5GHz
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4. DESIGN UWB MIMO ARRAY
ANTENNA TO ESTIMATION
DIRECTION OF ARRIVAL IN
WIRELESS COMMUNICATION

In this section, based on the design of single UWB antenna
from previous stage, we form a 10x1 UWB MIMO array
antenna. The UWB MIMO array antennas are on same
substrate, and they have symmetric structure. Figure (4)
shows the geometry of the UWB MIMO antennas composed
by ten identical radiating elements. The antenna separation is
equal to one half of the wavelength corresponding to the
highest frequency (fy = 12.648 GHz), Then, the distance
between each antennas is equal D = 11.85mm.
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Fig. 4: The simulated geometry of the proposed 10x1 UWB MIMO Array antenna.

5. MIMO SIGNAL MODEL

Consider a uniform linear MIMO array of M sensors with
inter sensor spacing of d. If different ultra wideband signals

arrive at the array at angles@,, 6,, .., @, with

respect to the array normal, the MIMO received signals data
model is given by

M
y(©) = a,)s, ® <1>
m=1
Where s (t) , m=1,2,........ M denotes the ultra wideband

signal and a(6’m) is the steering vector of single signal at

DOA Hm ,The compact form of the output vector including
an additive noise can be written as [14]

y=As+n, (2
where Y =[y;(t) Y, (t) . v @]

n=[n,() n,(t) Ny ()] is zero-mean additive
white complex Gaussian noise of variance @ ., and

s=[s,(t) st) .. sOf Q

is the vector of source signals at time t. The steering-vector
matrix A is given by [14],

A=[a() a®,) .. a6,)} @
ej(M—l)w.]T

and w, =kdsin(6,). It is assumed that the sources are
mutually uncorrelated and that the auto-correlation of each

Where a(el) = |;']_ ejWI ej2wI

source decays exponentially. It is also assumed that the signal
and noise are uncorrelated.

The covariance matrix of the data vector would then be
R=E[y"]
= AE[ss" |A" + E[nn" |

= APA" + 571, ®)
where P=E[yyH]=diag[af, ol Gf] :
and E[nn H ]= 21 . Let R be eigen decomposed as [14]
A 0 |u"
R=|UV 6
[ :{O O'2|:| vH ©

where U and V are the signal subspace and noise subspace
eigen vector matrices, respectively. It can be shown that

A"V =0 [15]. Or equivalently,

a"(@w"a(@)=0 )

at the true DOAs. An estimate of R is obtained from N
samples of the data vectors as,

n N
R=<Y vy () ®
t=1

If R is eigen decomposed as in eqn (6), one would arrive at

A

the estimate of the noise subspace eigen vector matrix as \ .

SinceV is only an estimate, the left-hand side of egn (7)
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would be minimum, and not zero, at the true DOAs if it is

replaced by V . Spectral MUSIC utilizes this fact, so that the
ambiguity function [16]

B(6)= ©
a" (O V" a(0)
peaks at the true DOA
6. Simulation and results

We consider there are a two UWB signals
impinging on UWB MIMO array antenna with signal-to-noise
ratio (SNR) is fixed atl0dB and the number of snapshots is
100, the first signal is at 80° and second signal is at 83°. In this
case, the MUSIC search for the peak is illustrated in figure
(5). From the figure (5), it is easily shown that two emitter
signals is available due to the two peaks in the spectrums, it
gave the result correct DOA for two emitter sources in
direction 80° and 83°.
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Fig. 5: DOA for Two Sources at
0,=80° and @,= 83° by using MUSIC Method

7. CONCLUSIONS

This paper is proposed model to design MIMO-UWB antenna
used for estimation direction of arrival UWB signals. In this
model, the geometry of the single UWB antenna body evolves
through the optimization process to minimize antenna
elements while maintaining a pretty return loss below a given
specification based on genetic algorithm. In this work, based
on the design of single UWB antenna from previous stage, we
form a 10x1 UWB MIMO array antennas. In this work we
estimation direction of arrival for source by using UWB
MIMO array antennas
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