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Abstract—In this paper, a comparative study of
Wideband MUSIC method, Joint Diagonalization

communications, we consider the wideband signals.
Wideband situations consider the ML methods in [7] and

Structure (JDS) method and Beam-Space Genetic
Algorithm (BGA) is presented with respect to resolution
probability and Root mean square error (RMSE)
evaluated in both low and high Signal-to-Noise ratio
(SNR) regions. The simulation results show that BGA
has higher resolution probability than the JDS method
and Wideband MUSIC method in low SNR region while
in the high SNR region, Wideband MUSIC has higher
resolution probability followed by BGA and JDS method.
RMSE is smallest for BGA as compared to JDS and
Wideband MUSIC in low SNR region. In the high SNR
region, Wideband MUSIC has smallest RMSE followed
by BGA and JDS method.

Index Terms—Wideband Direction of Arrival estimation,
Wideband MUSIC, Beam Space Genetic Algorithm
(BGA), Joint Diagonalization  Structure  (IDS),
Resolution Probability, Root Mean Square Error.

I. INTRODUCTION

In the field of navigation, oceanography, speech
processing, communications, radar and sonar, we
consider source localization using a sensor array [1],[2].
For estimation of Direction of Arrival (DOA) of
narrowband sources, a number of high resolution
algorithms like subspace fitting method [3], MUSIC [4],
ESPIRIT [5] and Maximum-Likelihood method [6] are
developed. For a narrowband signal, energy is located in
a frequency band smaller than the central frequency. For
applications like speech signal processing, seismic signal
processing, passive sonars and high data rate
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[8]. Coherent Signal Subspace method (CSSM) [9], [10],
[11] is a high resolution Wideband Direction of Arrival
estimation method. For determining the number of
sources, the information theoretic criteria [12] are
frequently used. The subspace based methods have a
drawback that they consider that the number of sources
are less than the number of sensors.

A high spatial resolution is a characteristic feature of
Wideband MUSIC method [13]. For the Wideband
MUSIC method, the number of sources are less than the
number of sensors. Also, we must know in advance the
number of sources, such that the noise space can be
determined. The Joint Diagonalization Structure (JDS)
[13] method is a one stage method i.e the DOAs are
directly searched over the continuous location parameter
space. In this method, it is not required to determine the
number of sources before computing the spatial spectrum.
Also, this JDS method considers that sensors number is
not less than the number of sources. The beam-space
Genetic algorithm is used for finding Direction of arrival
of wideband signals. This is done by changing the array
data to beam-space considering the frequency invariant
beam forming matrix [14],[15].

In this paper, a comparative study of Wideband
MUSIC method, Joint Diagonalization Structure (JDS)
method and Beam-Space Genetic Algorithm (BGA) is
presented with respect to resolution probability and Root
mean square error (RMSE) evaluated in both low and
high Signal-to-Noise ratio (SNR) regions. The simulation
results show that BGA has higher resolution probability
than the JDS method and Wideband MUSIC method in
low SNR region while in the high SNR region, Wideband
MUSIC has higher resolution probability followed by
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BGA and JDS method. RMSE is smallest for BGA as
compared to JDS and Wideband MUSIC in low SNR
region. In the high SNR region, Wideband MUSIC has
smallest RMSE followed by BGA and JDS method.

This paper has been organized as follows. Section 1
contains the introduction, Section 2 gives the Data model
for wideband DOA estimation using JDS method and
Wideband MUSIC method, Section 3 explains the use of
Beam-Space Genetic Algorithm, Section 4 gives the
Simulations, Section 5 contains the conclusion.

Il. DATA MODEL FOR WIDEBAND DOA ESTIMATION
USING JDS METHOD AND WIDEBAND MUSIC METHOD

N wideband sources encroach on M sensors arranged
in a uniform linear array (ULA) having inter-sensor
distance d as shown in Fig. 1.

Fig.1. Uniform linear array of M sensors with interval d.

Consider the reference point as the first sensor. The
signal of the nth source is denoted by s, (t.) and the
continuous time index is represented by t.. The mth
sensorreceives the following signal [13],

X (t)= 2N 0,8, (T )42 (t), =12, M (1)

The additive white Gaussian noise is denoted by
z,(t.) , attenuation factor is denoted by o, and
propagation time — delay is represented by t,,,,

Tp=(m-1)d = @
The Direction of arrival of the nth sourceis 0< 6, < n
and the propagation speed of the waveforms is
represented by v.
Apply the short-time discrete time Fourier transform
(ST-DTFT) on both sides of (1). Stack the ST-DTFT
domain data of M sensors into a vector.

x(m,t)=[xl (0,0),.. cor Rt (m,t)]T 3)
x(w,0=2N_, s (w,Dalw,6,) + z(w,t) 4

Where a(w, 8) is the array response vector in spatial-
frequency domain and is defined as,

alw,8)=[1, e kweosd | e=i(M-Dkocosd|T ©)
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k =fd/v ©)

k is a constant, d is the inter sensor spacing, f; = 1/T,
where Ty is sample period.
The matrix formulation of (3) is,

x(w, )= Alw)s(w, ) + z(w,t) )

Where
s(w,t) = [s;(w,D), ..., sy (W, D]T 8

Where
z(w, D= [z, (W, 1), ..., zy (0, ) ]T 9

s(w,t) and z(w, t) are the ST-DTFT data vectors of the
source and noise respectively.
The M * N matrix,

Alw) = [a(w,0,), ...,alw, 8y )] (10)

is the array manifold matrix in the spatial frequency
domain.

The correlation matrix of the ST-DFT data vector
x(w,t) is given as,

R, (w,t) = E[x(w, Dx"(w, D] (11)

Where E[.] represents the expectation and the
superscript ()" is conjugate transpose.
We define F(w) and G(w, 8) as follows,

Flw) = XX R¥(w,t,)R, (0, 1) (12)

G(w,0) = [R(w,t))alw, ), ..., Ri(w, t)a(w, 8)
13

Where R, (w,t) is given by (11) and a(w, 8) is given
by (5).

All frequency components are integrated by the cost
function of 6 and is denoted by,

I
min J(8) = Z (M — max eig (G(w,0) FT(0)G(w,0)))
Q=1

(14)

Where F(w) and G(w, 8) are given by (12) and (13).
The Moore-Penrose pseudo inverse is represented by the
subscript ().

w=2n(Hasas()-1,

the digital frequency w is discrete where Q is discrete
digital frequency index

Non stationary and wideband source is estimated by
spatial spectrum represented by the following equation,
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1

P(@) = T (15)
MG— 1)—Eg=1 max eig (GH(w,0)Ft (w)G (w,0))

The maxima of P(8) can be searched which results in
the detection and estimation of DOAS.

By considering the sources and noise to be stationary,
it results in Wideband MUSIC approach which is a
special type of JDS method for K=1, where K is the
short-time power spectrum matrices. The spatial
spectrum of the JDS approach is simplified as,

1

p(e)|]<:1 = T
M G‘ 1) - Zilia“(w,G)PRx(w)a(m, 0)
(16)

P (@) = Ry(@) RE@R, (@) RI(w)  (17)

Pepri(®@) = Ug(0) (U (@)U(0)) U (@) = Ug(@)UF(0)
(18)

U, (w) represents signal subspace’s orthogonal basis.
The concept of U, (w) is explained as below.

Under the stationary assumption, R, (w,t) is equal to
R, (w).

R, () = Alw)R4(w) A" (w)+ R, (w) (19)

The eigen value decomposition (EVD) of R, (w) is
given by,

Ry (@) = Ug () Alw) U™ (w) (20)
Where,
Alw) = diad; (W), 2, (@) ..., Ay ()} (21)
(21) is a diagonal matrix with,
LMo =22 ==y w =0

being the nonnegative eigen values. The orthogonal
matrix U (w) is given as,

U () = [u; (), uy (@), ... ,uy (w)] (22)

(22) contains M corresponding eigen vectors. Assume
that number of sources N is known and N <M, we can
make a basis of the noise subspace U,(w) by the M-N
eigenvectors corresponding to the last M-N eigen values
as given below,

U, () = [uys; @), uy ;@) ..., uy ()] (23)

The space occupied by the noise-removed matrices
Rinr] (w) has the projection matrix onit.

1

P(®)Ik=y = T (24)

M(2-1)-32 ) a"(0,0)U5(UE (wa (6)
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The noise subspace is orthogonalto signal subspace,

Port (@) = Ug(@) U (w) = 1= U, (U} (@) (25)

T

P(0)|g=1 =1/ z a"(w,0)U,(0)U} (w)a(w,8) = Pyysice)
o=t

(26)

For the case of noise-removed matrices, a special case
of JDS method can be taken to be the Wideband MUSIC
method [13].

Il. USE OF BEAM-SPACE GENETIC ALGORITHM

The beam-space Genetic algorithm is used for finding
Direction of arrival of wideband signals. This is done by
changing the array data to beam-space considering the
frequency invariant beam forming matrix [14].

Wideband Signal Model: We consider P wideband
signals and M isotropic antenna elements for a linear
array. The array output vector in frequency domain is
obtained by considering that P wideband signals have

similar bandwidth and similar SNR at various
frequencies.
X(f,) = A(f;, 0)s(f,) +
N(f).j=01,.,J-1 27)

X(£) = [X, ()%, (F) ... Xy (§)17 (28)
S(£) = [S1(£)So(F) .. Se (BT (29)
N(f) = [Ny (FIN(£).. Ny ()17 (30)

J discrete frequencies compose the bandwidth. At
frequency i , A(f;, 0)is the M*P array manifolds matrix

0=1[0,0;... ... 0p_,]" for the ith source, 6; is the
Direction of arrival.

S(f;) represents the source vector for frequency f;.

N(fj) represents the noise vector for frequency f;

Change the array output X(f) by the following
equation with,

Y(® = BH(f, )X (D) (31)

where B(f, ) is given as

w, (f)e—ﬂﬂf T1(a)
w, (f)e /2 72(a1)

Wy () e i2m Talan)

Wy () eTjZ”fTZ(“L) (32)
wy (He —j2nfrm(as) Wy (f)e—jZHfTM(ocL)

is the beam forming matrix with constant beam
width.Y()) = [Y, (), Y,(®, ..., Y, (O] is
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output of beam-space. W;(f) is constant beam-width
beam former’s weights (i=1,2,3,...M) , 7, (a;) is the
corresponding time delay.

Beam-space genetic algorithm (BGA):

1. With respect to the reference frequency f, ,for
every frequency in the frequency range, find the
constant beam-width weight’s w; =1,2,... M.

2. For each discrete frequency, find the beam
forming matrix

3. Find beam-space output matrix at every frequency
and get the output matrix Y(fy) at reference
frequency by averaging each frequency together.

4. Find the DOA estimation by considering the
conventional Genetic algorithm.

IV. SIMULATIONS

Consider twelve sensor ULA and sensor distance of
0.15 mand compute BGA through computer simu lations.
Take 50 and 100 Monte Carlo simulations (MCS) and

100 = - — :

100 population and find the statistical performance. Two
Gaussian white noise sources with similar bandwidth
varying from 3 kHz to 7 kHz and same power are
considered. The frequency of sampling is 14.05 kHz. 32
frequency bins are used [14].

Fig 2, 3, 4, 5, 6, 7 show the resolution probability
versus SNR for two wideband sources at 40 degree and
50 degree (MCS at 50 & 100), at 40 degree and 55
degree (MCS at 50 & 100), at 40 degree and 60 degree
(MCS at 50 & 100) for BGA, JDS method and Wideband
MUSIC method. The BGA has higher resolution
probability than JDS method and Wideband MUSIC
method in the low SNR region. In the high SNR region,
Wideband MUSIC has higher resolution probability
followed by BGA and JDS method. Fig 8 and 9 show the
RMSE with signal 1 at 40 degree and RMSE with signal
2 at 50 degree respectively. The RMSE is smallest for
BGA as compared to JDS and Wideband MUSIC in the
low SNR region. In the high SNR region, Wideband
MUSIC has smallest RMSE followed by BGA and JDS
method.
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Fig.2. DOA at 40 degree and 50 degree ( MCSat 50)

Fig 2 shows the DOA at 40 degree and 50 degree and
MCS at 50. The figure is a plot of SNR on x-axis v/s
probability of resolution on y axis for WMUSIC, JDS
and BGA method. For BGA method, the probability of
resolution is highest and is about 100 for both low SNR
and high SNR values. For JDS method, the probability of
resolution decreases from 80 to 30 for low SNR values
and it remains around 30 for high SNR values. Wideband
MUSIC has smallest probability of resolution that
increases from 20 to 40 at low SNR values and it shoots
to around 100 at high SNR values.

Fig 3 shows DOA at 40 degree and 50 degree and
MCS at 100. The figure is a plot of SNR on x-axis v/s
probability of resolution on y axis for WMUSIC, JDS
and BGA method. For BGA method, the probability of
resolution is highest around 100 for low SNR values and
is around 95 for high SNR values. For JDS method, the
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probability of resolution decreases from 80 to 60 for low
SNR values and it varies from 70 to 80 for high SNR
values. For WMUSIC method, the probability of
resolution varies from 30 to 40 at low SNR values and it
shoots to around 100 at high SNR values.

Fig 4 shows DOA at 40 degree and 55 degree and
MCS at 50. The figure is a plot of SNR on x-axis v/s
probability of resolution on y axis for WMUSIC, JDS
and BGA method. For BGA method, the probability of
resolution varies between 90 and 100 for low SNR values
and probability of resolution varies between 80 and 100
for high SNR values. For JDS method, the probability of
resolution decreases from 80 to 55 for low SNR values
and it varies 50 and 60 for high SNR values. For
WMUSIC, the probability of resolution increases from
30 to 60 at low SNR values and shoots to around 100 at
high SNR values.
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Fig.3. DOA at 40 degree and 50 degree ( MCSat 100 )
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Fig.4. DOA at 40 degree and 55 degree (MCSat 50 )

Fig 5 shows DOA at 40 degree and 55 degree and
MCS at 100. The figure is a plot of SNR on x-axis v/s
probability of resolution on y axis for WMUSIC, JDS
and BGA method. For BGA method, the probability of
resolution is highest and is around 100 for both low and
high SNR values.

For JDS method, the probability of resolution
decreases from 80 to 40 for low SNR values and is
between 40 and 50 for high SNR values. For WMUSIC
method, probability of resolution increases from 15 to 40
at low SNR values and it is around 100 at high SNR
values.
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Fig 6 shows DOA at 40 degree and 60 degree and
MCS at 50. The figure is a plot of SNR on x-axis v/s
probability of resolution on y axis for WMUSIC, JDS
and BGA method. For BGA method, the probability of
resolution decreases from 75 to 65 for low SNR values
and it decreases from 65 to 30 for high SNR values. For
JDS method, the probability of resolution decreases from
75 to 55 for low SNR values and it falls from 55 to 30 for
high SNR values. For WMUSIC method, the probability
of resolution lies between 10 and 40 for low SNR values
and it rises to around 100 for high SNR values.
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Fig 7 shows DOA at 40 degree and 60 degree and
MCS at 100. The figure is a plot of SNR on x-axis v/s
probability of resolution on y axis for WMUSIC, JDS
and BGA method. For BGA method, the probability of
resolution lies between 90 and 80 at low SNR values and
it lies between 80 and 70 at high SNR values. For JDS

40

method, the probability of resolution decreases from 70
to 40 at low SNR values and it lies between 40 and 30 at
high SNR values. For WMUSIC method, the probability
of resolution lies between 10 and 40 at low SNR values
and it shoots to 100 at high SNR values.

mse of signal 1
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—&—BGA
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Fig.8. RMSE with signal 1 at 40 degree.
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Fig.9. RMSE with signal 2 at 50 degree.

Fig 8 shows RMSE with signal 1 at 40 degree. The
figure is a plot of SNR on x-axis v/s RMSE of signal 1 on
y-axis. For BGA method, the RMSE is smallest and is
around 17 and decreases to around 3 at low SNR values
and at high SNR values it is around 4. For JDS method,
the RMSE is around 23 and it decreases to 10 at low
SNR values but the RMSE is around 13 at high SNR
values. For WMUSIC method, the RMSE is highest
around 35and it decreases to 13 at low SNR values and it
falls from 13 to 1 at high SNR values.
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Fig 9 shows RMSE with signal 2 at 50 degree. The
figure is a plot of SNR on x-axis v/s RMSE of signal 2 on
y-axis. For BGA method, the RMSE falls from 23 to 3 at
low SNR values and it is around 3 at high SNR values.
For JDS method, the RMSE falls from 37 to 16 at low
SNR values and it is around 16 at high SNR values. For
WMUSIC method, RMSE decreases fro 43 to 20 for low
SNR values and it decreases from 20 to 1 at high SNR
values.
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V. CONCLUSION

The BGA has higher resolution probability than JDS
method and Wideband MUSIC approach in the low SNR
region. In the high SNR region, Wideband MUSIC has
higher resolution probability followed by BGA and JDS
method. The RMSE is smallest for BGA as compared to
JDS and Wideband MUSIC in the low SNR region. In
the high SNR region, Wideband MUSIC has smallest
RMSE followed by BGA and JDS method.
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