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Abstract: In this study, we propose a method based on Particle Swarm Optimization for estimating Direction
of Arrival of sources impinging on uniform linear array in the presence of noise. Mean Square Error is used
as a fitness function which is optimum in nature and avoids any ambiguity among the angles that are
supplement to each others. Multiple sources have been taken in the far field of the sensors array. In Case-I the
sources are assumed to be far away from each other whereas, in case-II they are assumed to be close enough
to each other. The reliability and effectiveness of this proposed algorithm is tested on the bases of
comprehensive statistical analysis. The proposed algorithm require single snapshot and can be applied in real
time situation.
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INTRODUCTION

To determine the Direction of Arrival (DOA) of
signals impinging on an array of sensors is an active area
of research, which finds its application in numerous fields
including the communication, radar, sonar, seismology
and radio astronomy etc (Gavan and Ishay, 2001). In
conventional methods (Capon, 1997), one can estimate
the DOA by using the concept of beamforming and null
steering. The received signal contains the statistical
information of the source, which is not exploited in the
conventional technique. Hence it is a sort of
underutilization of available information. Towards the end
of eighties the subspace decomposition of received signal
was exploited for DOA. The idea was well appreciated
and the ESPRIT algorithm introduced by (Roy and
Kailath, 1989) is an example. The well known MUSIC
algorithm is another example of same archive. Though
MUSIC and ESPRIT are well accepted and widely used
methods, however, both are computationally intensive and
the number of snapshots required is twice that of the total
number of sensors used in the array. Apart from the
computational cost, another problem with both these
algorithms is their performance limitation when the
signals are correlated. Hence both the algorithms fail to
generate useful results when the input signals are highly
correlated. To overcome this problem, Matrix Pencil
Method (Sarkar and Pereira, 1995) was introduced in mid-
nineties which is time-wise efficient and applicable in
non-stationary environment. It uses only single snapshot

for the estimation of DOA in real time non-stationary
environment. It requires minimum computational burden
for implementation in real time. Computationally the most
expensive part of the MP method is the Singular Value
Decomposition (SVD) of a complex data matrix. In
(Yilmazer et al., 2006), a unitary matrix pencil method is
introduced which reduces the computational burden to
one fourth by converting the complex data matrix into
real. The other method which is used for converting the
complex data matrix into real is Beam Space Method
(Khan and Tufail, 2009) and hence, further reduces the
computational burden.

Particle Swarm Optimization (PSO) (Kennedy et al.,
2001; Lu and Yan, 2004; Errasti1 et al., 2009) is nature
inspired algorithm, which has recently been used for
solving different problems, especially in the field of array
signal processing. In (Jiankui et al., 2006) PSO has been
used for estimating DOA with fitness function from
maximum likelihood principle, however, multiple
snapshots, are required in this case.

In the present study, we propose a PSO based
algorithm which requires single snapshot for estimating
DOA in noisy environment. Mean Square Error (MSE) is
used as a fitness function because the key issue in
multiple target tracking is the association of new
estimates with old DOA estimates of the targets. N targets
imply N! possible combination which requires some
computations to associate the new DOAs with old DOAs
of relevant targets (Smith and Bucchler, 1975). In using
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Mean Square  Error  (MSE)  as  fitness  function,  the new
estimation of DOAs is automatically linked with old
estimation of angles from previous snapshot thus
decreasing computational complexity. The greatest
advantages of this proposed scheme are that it requires
single snapshot, has reduced computational complexity
and avoids getting stuck in local minima, the inherent
advantage of PSO. Moreover, the proposed algorithm is
robust and thus generates results even at low values of
Signal to Noise Ratio (SNR). 

PROBLEM FORMULATION

Consider a Uniform Linear Array (ULA) having L
sensors with equal inter-element spacing d Suppose that
P sources lying in the far field of the array are impinging
from different directions and with each source signal
having amplitude si. We consider narrow band signal of
known frequency To and additive white noise with zero
mean and unit variance F2

i For L>P our signal model can
be written as:

for l = 1, 2, …L (1)x S e nl i
j l u

l
i

P

i  


 ( )1

1

where ui = kd cos 2i is the path difference of the ith source
in the far field. For k = 2B/8  and d = 8/2 we get:

ui = B cos 2i (2)

In matrix form Eq. (1) can be written as:

x = As+n (3)

where

x = [x1, x2, … xL]
T (4)

A is L × P matrix while s is a vector of length P which
contains the amplitudes of source signals:
 

s = [s1, s2, …sP]
T (5)

Here n is the Additive White Gaussian Noise (AWGN)
with  zero mean and variance F2

i. It is a vector of length
L i.e.,

n = [n1, n2, …nL]
T (6)

The problem in hand is to estimate the DOA of P
sources i.e., 21,22,… 2P from the received data X by using
PSO, where 2i is the angle of the ith  source.

PROPOSED METHODOLOGY

The PSO introduced by Kennedy et al. (2001) is
inspired by bird flocking and fish schooling. In PSO, the
potential solutions are birds present in a swarm in the
search space and referred to as particles. PSO has reduced
computational complexity compared to Genetic
Algorithm and has the ability to avoid getting stuck in
local minima.

Algorithm steps:
Step 1: Initialization: As shown in Eq. (1), the unknown

parameters are [sk]
P k = 1 and [2i]

P i = 1. Hence,
we formulate M number of particles at random as
follows:

bi = [si1, si2,...siP, 2i1, 2i2,...2iP]
= [bi1, bi2,...biP, bi,P+1,...bi, 2P] (7)

  
 where 2ij 0 R:0#2ij # B for all i = 1, 2, …, M, j =

1, 2, …P and sij 0 R:Ls # sij # Hs for all i = 1, 2,
…, M, j = P+1, P+2,…2P, where Ls and Hs are the
lowest and highest possible limits of the signal
amplitude received at the array.

Step 2: Fitness evaluation: Find the fitness of each
particle using the fitness function given as:

FF(i) = 1/(1+D(i)) (8) 

 where D(i) is the difference function for ith
particle and it is given as:
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  where xl is given by Eq. (1) and  is written asxl
i

follow:
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 Fitness function of ith particle = 1/(1+D(i)),
which approaches 1 as D(i) approach zero.

 Particle with highest fitness function is taken as
global best pg. Consider each bi as its local best
piin this step for all I.

Step 3a:Update particle velocity: 

 vim(n)=vim(n!1)+N1(1!$)(pim!bim(n–1))+N2

$(pgm!bim(n–1)) (11)

 where  $ is taken as 0.1 and then slowly increased
to 0.9 with steps of 0.1. Thus the second term on
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Table 1: Faraway spaced sources

SNR  21  22  23    24  1
2

3
4

No noise 20º 19.9881 50º 50.1311 80º  80.067 120º 120.1884
30db 20º 19.6101 50º 50.3456 80º 80.2012 120º 120.2236
25db 20º 20.7673 50º 49.5891 80º 80.3991 120º 120.3988
20db 20º 19.3149 50º 50.7880 80º 80.4987 120º 119.5001
15db 20º 19.1001 50º 50.8231 80º 80.5783 120º 120.6798
10db 20º 19.0989 50º 49.3110 80º 80.6453 120º 120.8123
5db 20º 20.9177 50º 51.0018 80º 80.9085 120º 1119.1985

Table 2: Closely spaced sources

SNR   21   22  23   24
1

2
3

4

No noise 30º 29.88915 40º 39.9875 50º 50.178 60º 60.0998
30db 30º 30.35685 40º 39.6590 50º 50.42 60º 59.4453
25db 30º 30.7894 40º 39.1398 50º 49.3943 60º 60.9510
20db 30º 31.2689 40º 41.4180 50º 50.9959 60º 61.3769
15db 30º 30..5452 40º 41.8694 50º 51.3090 60º 61.8988
10db 30º 28.3978 40º 38.0134 50º 51.8532 60º 57.6897
5db 30º 31.7317 40º 37.8981 50º 48.5021 60º 57.16744

 the right, which is local intelligence, is given
more importance at the start and the third term,
collective intelligence, is given more weightage
towards the end. Here N1 = N2 = 1

 The velocity vim is doubly bounded i.e., 
– vmax #  vmax # vim # vmax. 

 If  vim(n)>vmax,vim(n) = vmax 
and if vim(n)<!vmax,vim(n) = !vmax 

Step 3b:Update positions:

bim(n) = bim(n!1)+vim(n) (12)

 bim(n) Should be restricted in the interval [-B, B]
for 1# m # P

Step 4a: Choosing local best and global best particles:
If fitness bl(n) fitness of pl(n) replace pl with
bl(n) as a new local best.

Step 4b: If fitness bl(b) > pg replace pg with bl(n) as a new
global best.
Repeat (a) & (b) for I = 1, 2, …M

Step 5: Termination criteria: If fitness of global best
particle has reached the required fitness OR
number of cycles has reached maximum number
of cycles, Stop, else go back to step 3a.

SIMULATION AND RESULTS

In this section, various simulation results have been
performed to estimate Direction of Arrival of far field
sources. We use a Uniform Linear Array (ULA). The
distance between the two adjacent elements is kept half
the wavelength of the signal wave i.e., d = 8/2. The
reliability and effectiveness of the proposed scheme is
tested on the basis of large number of simulations by
using MATLAB version 7.8.0.347. The criteria made for
the estimation of DOA is based on Mean Square Error
(MSE) as a fitness evaluation function. The relation used
for MSE is given in Eq. (9). Only a single snapshot is

used throughout the simulation results. All the results are
averaged over 50 runs. 

Case I: In this case, four independent sources are taken
which are spaced far away from each other in the far field
of uniform linear array having 12 elements. The
impinging signals on the ULA makes angles, 21 = 20º, 22

= 50º, 23 = 80º, 24 = 120º where, , ,  and  are1
2

3
4

the estimates of 21, 22, 23 and 24, respectively as shown in
Table 1. The results have been carried out with and
without noise scenarios where the Signal to Noise Ratio
(SNR) is ranging from  to . The Table 1, shows that even
for low SNR, the PSO based algorithm is robust enough
to give correct results for DOA estimation of sources
which are spaced faraway from each other. 

Case II: In this section, we consider four independent
sources which are spaced close to each other in the far
field of ULA. The ULA is consisting of twelve elements.
The assumed sources, impinging on ULA makes the
angles 21 = 30º, 22 = 40º, 23 = 50º and 24 = 6  as shown in
Table 2. In this case, again the SNR is ranging from 5 to
30 dB. As shown in Table 2, that in this case, the
performance of proposed algorithm slightly degraded for
decrease in SNR which is quite obvious. However, one
can see from Table 2, that even in this case, the PSO
based algorithm is robust enough to give correct results
for closely spaced sources even in the presence of low
SNR.

In this section, we evaluate the performance of Mean
Square Error (MSE) against noise as shown in Fig. 1. In
this case, the values of SNR is ranging from 5dB to 30dB
while the MSE is ranging from 10G2  to 10G10 . The MSE
curves are carried out for two cases i.e. when the sources
are placed close to each other and when the sources are
placed far-away from each other. In both cases, we
consider four sources and twelve elements in the ULA. It
has been shown in Fig. 1, that the performance  of  PSO
based algorithm in terms of MSE, produce better results
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Fig. 1: Performance analysis of MSE vs SNR

for both cases against the different values of SNR for
DOA estimation. However the results are much better,
when the sources are placed far-away from each other as
compare to the sources which are placed close to each
other.

CONCLUSION AND FUTURE WORK

In this study, a PSO based algorithm is develop for
estimating Direction of Arrival far field sources. Mean
Square Error is used as fitness function. The PSO based
algorithm is robust enough to give correct estimation for
sources which are spaced far away from each other as
well as to closely spaced sources in noisy environment.
The PSO based algorithm requires single snapshot to
converge. The algorithm fails when number of sources is
greater than the number of sensors in the ULA as it
becomes an under-determined problem.

In future, we will jointly estimate the azimuth and
elevation angles by using two dimensional sensors array.
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