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Abstract

The demand of mobile communications services is keep on growing day by day, with the anticipation that
communication to a mobile device is possible at anytime, anywhere without any distortions and delay on the
globe. The demand is going to be at its peak as new technology like IOTs came in picture. The smart city, smart
home, smart banking etc. will require mobile connectivity and accessibility. On other hand the resources for
communication systems like channel bandwidth for mobile communication, space, area etc. are fixed, noises
and distortion increasing with increase in number of communication devices. Therefore, researches have been
happening in wide areas related to pervasive mobile communication. The estimation of direction of arrival of
signals for antenna system is one of the concern problems for research. This paper presents the study of
estimation of direction of arrival using “Estimation of Signal Parameters via Rotational Invariance
Technique”(ESPRIT) method on adaptive antenna arrays. The main objective of using the ESPRIT technique is to
exploit the rotational invariance (Rl) in the signal subspace and compare the results with the results of MUSIC

method [1] so that antenna arrangement system can be configured efficiently.
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Introduction

The grown demand for mobile communication
channels, users and affordable services enforce the
operators to support more users per base station.
This reduces the overall network cost and results in
requirements of higher data rates and higher
capabilities per base station. Unfortunately, the
available broadcast spectrum is limited; so attempts
to increase traffic within a fixed bandwidth create
more interference in the system and degrade the
signal quality. The use of isotropic antenna at base
stations as a transceiver system works as a source of
interference to other users located in the same cell,
making the overall system interference limited.

The adaptive signal processing arrays sensor, known
as Adaptive Antenna Arrays or Smart Antennas, have
been adopted on very large scale for mobile
communication system.lts ability to locate mobile
users through DOA detection techniques makes it
more popular antenna system for wireless mobile
communication. The estimation of location of mobile
users facilitates the mobile equipment or the base
station to enable transmissions patterns accordingly.
Adaptive antenna arrays also improve the
performance of cellular systems by providing
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robustness against fading channels and reduced
collateral interference [2].

The goal of direction-of-arrival (DOA) estimation is to
utilize the data received through the downlink
channel at adaptive antenna to estimate the
directions of the desired mobile users as well as the
directions of interference signals. The results of DOA
estimation are then used by base station control unit
to adjust the weights of the adaptive antenna system
so that the radiated power is maximized towards the
desired users, and radiation nulls are to be placed in
the directions of interference signals. Hence, a
powerful design of an adaptive array highly depends
on the choice of the DOA estimation algorithm. This
dependency opens doors for researchers,
academicians to investigate and find solution for the
highly accurate and robust estimation system.

Transmitter Arrangement

The Estimation of Signal Parameters via Rotational
Invariance Technique (ESPRIT) was developed by Roy
and Kailath in 1989 [3]. It is based on the rotational
invariance property of the signal space to make a
direct estimation of the DOA and obtain the angles of
arrival without the calculation of a pseudo spectrum
on the extent of space, nor even the search for roots
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of a polynomial. This method explores the property
of translational invariance of the antenna array by
decomposing the main network into two sub-
networks of identical antennas which one can be
obtained by a translation of the other, Figure 1.

It is assumed thatantenna elements are arranged
uniformly with linear spacing and ignoring mutual
coupling between elements and also assume that the
element patterns of the arrangement transmitter are
identical [4]. It is also considered that incident waves
are narrow band plane waves W, where the center
wavelength is A, and the observed a linear
arrangement of transmitter consists with separation
of d units (unit is same as A).

s, (1)

Sub-Network 1

x,(1) (1) X,(1) Xy (1)

Sub-Network 2

Figure 1: Antenna Array Arrangement

The output signal of the m™ element then be

described as

Xm (t) = W=1 Sy (t) Ay (ew) + n, (t) """" (1)

o
am(gm) — e]ZnCd(m 1) sin 9,

o1 .
a, (Gm) — e}and(m—l) sin 6

Wheres,, (t)and 6, are the complex amplitude and
DOA of thew!™ source, in that order, the vertical
direction in terms of the arrangement system is
assumed to be 0°, n,, (t) is the normally distributed
noise with mean “0” and variance a2, f is the carrier
frequency, and c is the speed of light. Equation (1)
can also be expressed in generic vector form as
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Xy (£) = AS(t) + My (£)------mmmmmmmev (3),

X(@) =[x1(t) %) x3(t).. xpy(t)] - (4),

A=[a(6,) a(8,) a(63) .. .. a(8,,)]1--(5),

a(6,) =

1 ejZTnd sin eejo”Zd sing "“ejZTn(m—l)d Sin 017____(g),
S(t) = [s1(®)s1(®)s1(B) 51 (t)] - (7),
&

1) = [y () 1(6) N3(E) oo ooore g (E)] wonn(8)

Where “[ 1" represents the transpose of a matrix,
a(6,,)represents the “steering vector”, which shows
the characteristics of the transmitter array
arrangement for the direction of 8,, [5].

Then, the arrangement correlation matrix is defined

as
R,, = E[X(t)XH(t)] (9)
Similarly, R, = E[Y(®)YH?(t)]--------emeev (10)

ESPRIT Algorithm for DOA estimation

It also assumed that signals induced on the m"pair
due to a narrow band source in direction e be
denoted by x,.:(t) and x,(t),respectively. The phase
difference [6] between the two signals depends upon
the time taken by plane waves arriving from the
source under consideration to travel from one
element to the other. As the two elements are
separated by the displacementd, it will follow the
expression as

2_7'[
i

d sin 6

Xy () = Xpoq ()T (11)

The signals received by the two arrays be denoted

byx,,.2(t) and x,,(t). This is expressed as

Xm—1 (t) = A¢S(t) + Ny (t) """"" (12)
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Xy (t) = Aps(t) + My, () (13)

Where,AiskxM matrix, with its columns asMsteering

vectors corresponding to Mdirectional sources

associated with the first sub-array;¢ is anMxM

diagonal matrix, provides the phase shift in

translation of arrived signals, with itsm"’diagonal

element given by

2w .
d)mm — ejT(m—l)dSlTL Om__ (14)

Comparing the equations 12 and 13, it is found that
the steering vectors corresponding to M directional
sources associated with the second sub-array are

given byAd¢ .

IfUyand U, bethe two KxM matrixes with their
columns representM eigenvectors corresponding to
the largest eigenvalues of the two array correlation

matrixes R, andR,,,, , respectively. As these two sets

yy !
of eigenvectors span the same M-dimensional signal
space, it follows that the two matrixesU, and U, are
related by a unique nonsingular transformation

matrix ¥, so

U A — (15)
x y

Similarly, these matrixes are related to steering

vector matrixes Aand Agby another unique

nonsingular transformation matrix T, as the same

signal subspace is spanned by them. Therefore,

U, = AT (16),
&
IRy — (17)

Substituting for U, and Uy and the fact that 4 is of full

rank, it is obtained
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It states that the eigenvalues of ¥ are equal to the
diagonal elements of ¢and the columns of T are
eigenvectors of%’. This is the main relationship
developedunder ESPRIT method [7]. It requires an
estimate of ¥ from the
measurementx,,, _1 (t)andx,, (t).
Aneigendecomposition of Wprovidesthe eigenvalues,
and by equating them to¢ leads to the direction of
arrival estimates. It can be expressed by

By, = sin {2000y g 2,3, M (19)

Simulation Results

MATLAB tool has been used for the simulation of
ESPRIT algorithm of DOA estimation techniques. The
parameters used and their values of the simulations

are listed below in the table.

Table 1: Parameters Set for SPRIT algorithms

Parameters Value
Angle of Arrival of Signals 25°, 80°
Inter Element Spacing (d) 1
2
Number of Elements in an 8,16
Array
SNR Range(dB) 0,25
Number of Snapshots 200, 1000
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Figure 2: ESPRIT spectrum for array elements 8 and 16.
(SNR= 25 db and number of snapshots = 200)

ESPRIT similar DOA

spectrum provides almost
estimates for different array elements with lesser

variance than MUSIC algorithm

Table 2: DOA with variation in number of elements in
Antenna Array

Actual DOA Estimated DOA
Array Array
Elements = | Elements =
8 16
25° 25.003° 25.001°
80° 79.95° 79.98°

ESPRIT technique has been tested for two different

SNR values 0dB and 25dB
1 .

0.8

0.6}

0.4}

Pseudospectrum (dB)

50 100 150
Angles in Degree
Figure 3: ESPRIT spectrums for SNR of 0dB and 25dB.
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(Number of array elements = 8 and number of
snapshots =200)

Pseudo spectrum obtained using ESPRIT technique
for different S.N.R values is shown in Figure 3 and

their DOA estimates are shown in Table 3.

Table 3: DOA estimation for SNR 0dB and 25dB

Actual DOA Estimated DOA
SNR=0 SNR =25
dB dB
25° 24.92° 24.97°
80° 79.1° 80.00°
Conclusion

The paper represents analysis of ESPRIT method for
arrangement of antenna array or one can say
arrangement of transmitter system for achieving
better direction of arrival resolutions. In the
reference paper the MUSIC method of DOA
estimation has already been performed and hence
the ESPRIT method had to be tested for the same.
The result shows somewhat improvement over
MUSIC method at same SNR and antenna array
system. It has been found that there is very less
impact of number of elements in antenna array if it is
less in numbers with ESPRIT methodwhile it was
reported the estimation approached the actual DOA
if number of elements increased in MUSIC method.
The analysis also shows that ESPRIT does not involve
the exhaustive search of all possible steering vectors
to estimate DOA and hence dramatically reduces the
computational and storage requirements as
compared to MUSIC method of estimation of
direction of arrival.From the simulated results, it is
observed that ESPRIT provides an accurate estimation
of. But in the case of diversely polarized antenna
arrays where the SNR values and number of
snapshots are less this algorithms failed to achieve
precise estimation of DOA of signals.
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