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Passive Source Localization of Sensor Arrays

Junli Liang and Ding Liu
Xi’an University of Technology, Xi'an,
China

1. Introduction

Passive source localization is a key issue in sensor array signal processing such as sonar,
radar, wireless communication, microphone array speech processing, seismology, electronic
surveillance and medical imaging, and thus receives significant attention. Although a
variety of advanced algorithms, for example MUltiple Slgnal Classification (MUSIC),
Estimation of Signal Parameters via Rotational Invariance Techniques (ESPRIT), and
Propagator Method (PM), have been developed, there are still some problems: (i)For two-
dimensional (2D) directions-of-arrival (DOA) estimation, the failure in pairing causes severe
performance degradation; (ii) In some practical applications, the signals received by a sensor
array may come from multiple near-field sources or multiple far-field sources or their
mixture. Due to different signal models for near-field and far-field sources, the existing
algorithms cannot deal with them simultaneously well; and (iii) For joint azimuth and
elevation direction finding, the existing estimators often encounter an estimation failure
problem especially when elevation angles are between 70 and 90 degrees. In this chapter,
several high-resolution methods are presented to overcome these difficulties.

In Section 1.2, a novel 2D DOA estimation algorithm without match procedure in the L-
shaped array geometry is proposed. It is well known that two matched electric angles
(functions of elevation and azimuth angles) must be obtained before elevation and azimuth
angles are estimated. However, the failure in pairing would cause severe performance
degradation. By introducing a novel electric angle, the L-shaped array configuration without
any rotational invariance property between two orthogonal uniform linear sub-arrays
evolves into some particular rotational invariance geometry. Thus, the steering vector is
separated into two parts. One can be estimated by the rank-reduction ESPRIT algorithm and
the other is obtained from the eigenvalue decomposition of one particular matrix. Finally,
the elevation and azimuth angles can be easily obtained from the recovered steering vector
to avoid pairing. Although it is developed for the L-shaped array configuration, the
proposed algorithm can be easily extended to other array geometries such as two parallel
linear sub-arrays, the rectangular array, and the symmetric circular array. In addition, the
method can be used to form the rank-reduction propagator method. electric angle

In Section 1.3, a common signal model for “any-field” sources (i.e., near-field sources or far-
field sources or their mixture) is given and a two-stage MUSIC algorithm is developed to
localize “any-field” sources. In the first stage, one special cumulant matrix is derived and
the related virtual “steering vector” is the function of the common electric angle in both
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2 Sensor Array

near-field and far-field signal models so that DOA of near-field or far-field can be obtained
from this electric angle using the conventional high-resolution MUSIC algorithm. In the
second stage, another particular cumulant matrix is derived, in which the virtual “steering
matrix” has full column rank no matter whether the received signals are multiple near-field
sources or multiple far-field ones or their mixture. More importantly, the virtual “steering
vector” can be separated into two parts, in which the first one is the function of the common
electric angle in both signal models, whereas the second part is the function of the electric
angle that exists only in the near-field signal model. Furthermore, by substituting the
common electric angle, which is estimated in the first stage into one special Hermitian
matrix formed from another MUSIC spectral function, the range of near-field sources can be
obtained from the eigenvector of the Hermitian matrix. Although it is developed for
azimuth angle (and range) estimation only, it can be developed further for the joint azimuth
and elevation angles (as well as range) estimation.

In Section 1.4, a novel high-accuracy estimator for elevation angle is developed to avoid the
estimation failure problem encountered in the conventional elevation estimators. Firstly,
three cumulant matrices are constructed using fourth-order cumulants of some properly
chosen array outputs of a specially designed volume array to increase the array aperture.
Secondly, a parallel factor (PARAFAC) model of cumulant matrices in the cumulant domain
is formed to avoid pairing parameters. Finally, a flexible and high-resolution elevation angle
estimator is derived from multiple electric angles, which are solved from the above steps.

2. 2D DOA estimation without match procedure

Estimation of 2-D DOA is a key issue in sensor array signal processing such as radar, sonar,
radio astronomy, and mobile communication systems [1-4]. Similar to other array
geometries such as the parallel uniform linear array, the rectangular array and the circular
array, there is an un-avoidable parameter association problem in the L-shaped array
configuration because the failure in pairing would cause severe performance degradation.
This section will give a novel 2-D DOA estimation algorithm, which does not require match
procedure.

2.1 Description of the proposed algorithm

Let’s consider an L-shaped sensor array with 2M +1 omni-directional sensors, as shown in
Fig. 1. The element placed at the origin is set for the referencing point. The array in the x -z
plane consists of two uniform linear sub-arrays with element spacing d, each being
composed of M elements. Assume that L far-field, no-coherent, narrowband sources
impinging on this antenna array. Let ¢; and f; be the elevation and azimuth angles of the
[-th source, and thus the wave vector x; containing DOA information can be defined as
K, =[sing; cos f,sing;sin §,cosey |, 1=1,---,L. After being sampled, the signals received
by the sensor array can be expressed as

r(k) = As(k)+n(k), k=0, K-1, (1)

where r(k):[rM,o(k) "a-1,0(k) =+ 11 0(k) 10,0(k) 70,1 (K) 70,11 (K) -+ ro,l(k)]T
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Passive Source Localization of Sensor Arrays 3

A=[a(1,0)-a0,0)-a(,0)
()= (5105 (K) -5, (O] a7y, = [ ST it 1 MO DA i ]!

¥, =—2ndsing;cos B/ A

¢ =—2mdcose; / A

n(k) = [1y1,0(6) myg1,0(k) -+ 11,0(k) 10,0 (k) 710, p1(K) 1 g1 (K) - 10,1 (K)] -

Z
(0,0, Md)

(0,0,(M —1)d)

(0,0,d)
Q)

Fig. 1. L-shaped sensor array configuration

The auto-correlation matrix of r(k) can be expressed as R =E[r(k)r k)],
= AR A" +6°1,,,,,, where R, =E[s(k)s" (k)], and its eigen-value decomposition (EVD)
yields

R=UVU" = UsVsU? + UnVnUnH I [ull""u2M+1]diag[vlf'"/UZMH][ul/""uZMH]H , (2

where Vis the diagonal matrix with the eigen-values arranged as
(MHA-L}@M-L) 5 composed of

consists of the eigenvectors related

Vg 220 >Up,q 200 2 Uy, o the diagonal matrix V, e R
eigen-values v;,,,0;,5, -, Vsppsq; U, € CEMHEMHL)
to U1 ,1,U140, 7, Vo - SPanNing the noise subspace of R.

Let’s define /% = ¢/(?=7) , and thus the steering vector be written in another form as:
a(7,8) =[ejM7, MDY N q pIME 5 piMY pI(M=1)E, o LIM=D)1 L6 5 i ]T 3)
Furthermore, a(y,4) can be separated into two parts, i.e. Ta( V,0)=a,; (ej 9)a2 (ej 4 ) ,

where (M +1) -dimensional vector a, (ejy) = [ejMy /MDY eIy 1} and 2M+1)x(M+1)
- dimensional matrix
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I
(M+1)x(M+1)
] (4)

a,(e%) = . :
e Liag{e]Mg,“-,e]H} 011

Based on the theory that the noise subspace U, is orthogonal to the range space of A,
UnHa(y/,,@) =0,/=1,---,L, the electric angle pair {y;,¢}, [=1,---,L can be found from the L
deepest minima of the following MUSIC spectral function:

A0 =a" (00, a(,0) =af (¢ )al! (¢ U, UYfay (¢ )ay (e

Al (o) Jay (¢) =0 ©)

where
C(e?) = al (e]p)UnUnHa1 (eje) (6)

isan (M +1)x(M+1) -dimensional Hermitian matrix.

Note that a (e] 1)7&0 and a, (em)C(ejg’ )aZ(eW’)zO, 1=1,2,---,L. From Eq. (5)-(6), it can
be seen that if and only if ¢’ o, =¢/% , the matrix C(e’?) drops rank, or equivalently, when the
polynomial of x=¢/’, f,(x)=det{C(x)}=0.Obviously, %, lying inside the unit circle and
being closest to the unit circle, is actually the signal root.

Eq. (5) implies that by substituting the estimated ¢/ into C(¢’?) in Eq. (5), 7 can be found
from the minima of the following function:

7, =min a, (e”)C(ejel)az(ejy) (7)
7
the minima of which indicates estimation.

When ¢, -y, #¢, -7, +2hr, he{-1,0,1}, p,qe{l,- L}, ie, 6,#6,, Eq. (7) implies that
a,|le ( ) is just the unique eigenvector corresponding to the smallest elgen—value of C(¢’ ) .

However, when ¢,-y,=4¢, -7, +2hr, az(e] T

is no longer the unique eigenvector
corresponding to the smallest eigen-value of C(ejg*’). The eigen-value decomposition
(EVD) of C( ]’”)ylelds C(e]”) [Ty, Ty 1diag[dy, -, Dpgeq [0y, 8], Where the
eigen-values are arranged as |v| 2|0, 2> |vM| = |UM +1| . It is obvious that under the case
G =Yy =0~ Yy +2hm aZ(em e'” <! )1
{uM,u Ms1, Which are orthogonal to U, ={@1,,U,, -+, } . Obviously, both ¢! and e’
are the roots of f;(x)=aj5' (x)U,Ua,(x)=0.

and a, are the linear combinations of two eigenvectors

From the estimates {¢/% ,/ IJ the elevation and azimuth angle estimates can be given as
&, = arccos|—Z el el )/1/ 27zd)| and ;! :arccos(—(éeﬁ” /1/(27zdsin&l)), respectively.
Since az(e] ’) is related to C(e] ') (i.e., corresponding to a, e/ ), the proposed algorithm
can avoid pairing parameters. In addition, it avoids the spectral search because both e/”

and e/% are estimated by solving polynomial roots.
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Passive Source Localization of Sensor Arrays 5

2.2 Simulation results

To verify the effectiveness of the proposed algorithm, let’s consider an L-shaped array with
13 elements as shown in Fig.l. These sensor locations are in unit of d=4/2. Two
uncorrelated equivalent-power sources (e/**™* and ¢/%*7%), respectively with DOAs of
(o =60°, 4, =35°) and (o, =40°,, =55°), impinge on this array. The root mean square
error (RMSE) is used as the performance measure. All results provided are based on 500
independent runs. The RMSE for DOA estimation is defined as

RMSE(the Ith signal) = \/ﬁ Do) )
in which ¢&;, (in unit of degree) stands for the estimation of the [-th elevation ¢; in the i -
th trial. For comparison, the propagator method [6, 9] and the ESPRIT method [8, 11] with
correct pairing are simultaneously executed.

In the first experiment, the effect of signal-to-noise (SNR) on the performance of the
proposed algorithm is investigated. The number of snapshots is set to 400 and the SNR
varies from 0 to 30 dB. The averaged performances (RMSE of elevation and azimuth angle
estimations versus SNR for two sources) over 500 Monte Carlo runs are shown in Figs. 2 and
3. As expected, when the SNR increases, the RMSE of the estimated parameters decrease. In
addition, it is observed that the proposed algorithm improves the performance slightly
compared to the conventional ESPRIT algorithm, which must have a precise association
procedure.

In the second experiment, the influence of snapshot number on the performance of the
proposed algorithm is explored. The same parameters as that of the second experiment are
used, except that the SNR is fixed at 10 dB and the number of snapshots varies from 200 to
2000. The averaged performances (RMSE of elevation and azimuth angle estimations versus
snapshot number for two sources) over 500 Monte Carlo runs are shown in Figs. 4 and 5.
From these figures, it can be seen that RMSE of the elevation and azimuth estimations
decrease as snapshot number increases. In addition, the proposed algorithm has higher
estimation accuracy than the ESPRIT method.

Elevation Estirnations

L Source 1, ESPRIT wia Correct Association
" Source 1, Proposed Algarithm

e Source 2, ESPRIT via Correct Association
—&— Source 2, Proposed Algorithm ]

0 5 10 15 20 25 30
SNR (d5)

Fig. 2. RMSE of elevation angle estimations versus SNR
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Fig. 3. RMSE of azimuth angle estimations versus SNR
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Fig. 4. RMSE of elevation angle estimations versus snapshot number
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Fig. 5. RMSE of azimuth angle estimations versus snapshot number
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Passive Source Localization of Sensor Arrays 7

From the above experiments, it can be seen that (i) since a, (ej 7’) is related to C(ejg’) (i.e.
corresponding to a; (ejg’ ), the proposed algorithm can avoid pairing parameters; and (ii)
the proposed algorithm avoids the spectral search due to that both ¢ and e/ are
estimated by solving polynomial roots.

3. Passive localization of mixed near-field and far-field sources

In some practical applications, the signals received by an array are often the mixture of near-
field and far-field sources, such as speaker localization using microphone arrays and
guidance (homing) systems [12-19]. For example, in the application of speaker localization
using microphone arrays, each speaker may be in the near-field or far-field of the array [16].
In this case, either existing near-field source localization methods or far-field source those
may fail in localizing mixed near-field and far-field sources. This section will give a new
passive source localization algorithm, which can localize near-field sources or far-field
sources or their mixture.

3.1 Description of the proposed algorithm

Consider that L (near-field! or far-field) narrowband, independent radiating sources,
impinge on the uniform linear array (ULA) with 2N +1 elements as shown in Fig.6. Let the
0 th sensor be the phase reference point. After sampled with a proper rate that satisfies the
Nyquist rate, the signal received by the i th sensor can be expressed as [5-11]

L .
xi(K)= Y si(ke’™ +n,(k) , -N<i<N, k=0, K1, ©)
=1

the [th near—field source

Fig. 6. Uniform linear array configuration

1 Note that Fresnel zone (i.e. near-field) lies in the radiating zone [%Z,%ZDZ] , where A and D are
signal wavelength and array dimension, respectively (see [4] for details). Whereas far-field means the

radiating zone beyond [0,%2[)2] .

www.intechopen.com



8 Sensor Array

Where K is the snapshot number, s;(k) is the [ th narrowband source, n,(k) is the additive
Gaussian noise. In addition, 7 is the delay associated with the [th source propagation time
between the 0th and i th sensors. If the I th source is near-field one (the azimuth DOA 6,
and the range 1), 7; =iy, + i’¢,, where 7 and ¢ are called electric and given by

d_. ?
7 =—27—sin(f), and ¢ = zd_cosz(el) .
A An

Otherwise, if the [ th source is far-field one, 7; =iy, [2, 3], where ¢ is approximated by zero
due to father range of far-field source. Therefore, a far-field source can be considered as the
special near-field one, where ¢ =0.

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

x(k) = As(k) +n(k) (10)
where A =[a(;,¢)a(y,4)a(3;,4,)]
n(k) = [y (k)10 (K), 1 (k) -+ i ()]

s(k) =[s1(k),-++, (), s (K)]

x(K) = [x_n (k) -+, X (k) 21 (R), -+ ey (R)]

Note that the form of steering vector a(y;,¢) depends on whether the [ th source is far-field
one or near-field one. If this source is near-field one,

T
a(;/l,@):iiej[(—N)}’w(—N)w,] PN 7+(ND 9] ej[N7’l+N2¢/]} .

Otherwise, if this source lies in the far field,

i i . T
a(71/¢l)=[€][(_N)}/’] N+ T e][NJ’r]} .

Let’s begin with the fourth-order cumulant of the sensor outputs, which can be expressed as
cum{x,, (k) x; (k), ) (k). x, (K))
L

. L ) L . L .
= cum{zsl(k)e](m”+'”2¢’),(Zsl(k)e](”m”z”)j (Zsz(k)e](””+p2¢’)j ) s (Kk)el 7))
=1 i1

1=1 =1

* *
4

(11)

. 2 2 2 2

H{l(m=n)~(p=@)l31 +[(m* =1 )~(p* ~0* 161}
C4,sle

Il
M- I

1l
—_

m,n,p,q€[-N,N]
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Passive Source Localization of Sensor Arrays 9

where ¢4 o =cum(s(t),s | ()5, (t),5,(t)} is the kurtosis of the I th signal, and the superscript *
denotes the complex conjugate.

To construct a matrix with full rank for arbitrary-field sources , let n=—-m and g=0. Thus,
Eq. (11) becomes

L
cum{x,, (k),x",,(k),x, b=y ge!* (e](m“p ¢’)) , m,pe[-N,N] (12)
1=1
Let m=m+N+1 andp=p+N+1, and thus m,pe[1,2N +1]. Based on the idea from (11)-
(12), a special (2N +1)x(2N +1)-dimensional cumulant matrix C can be defined, the
(m,p) th element of which can be given by

C(m,p)= Cum{xm—N—l(k)fxiﬁHNH (k)/xi—N—l (k) xq (k)}

L " (13)
:zc4 ef2N= 1>n(e](p -N-Dy+j(p-N-1)*¢ i, pe[1,2N +1]

Note that the (2N +1)x(2N +1) matrix C can be represented in a compact matrix form
as C=BC,A", where the superscript H stands for the Hermitian transpose,
Cy =diaglcy 41,704 g,/ r ], virtual “steering matrix” B=[b(y;),---,b(),---,b(y1)], and
virtual “steering vector” b(}/l)=[e_j2N7’,e_j(ZN_z)y’,---l,---, PNrt oy 1=1,,L .

The singular value decomposition (SVD) of C yields
— H _ H _ . H
C=BC A" =WXZ" =[wy, -+, Wy, |diag(oy, -+, Oon.a)[Z1, 7 Zonaa] (14)

where X is the diagonal matrix with the singular values arranged as
|0'1| > 2|0'L| >|0'L+1| > 2|0'2N+1|. Let W, e CENHIXL which spans the signal subspace of
B, consists of the left singular vectors w;,w,,---,w; . Similarly, Z, € CONFDX@N+1- L)
which is orthogonal to A , consists of the right singular Vectors Z; 1, Z10 " ZoN 4] -

Based on the first 2N lines W,; and last 2N linesW,,, %,l=1,---,L can be easily

estimated from the eigen-values of the following matrix [3] :

V= L((I)(l,l)) /2 (15)
where @®= diag[ej 20 el L el ]is  the eigen-value  matrix W# W,, ie.
WIW, =ToT™.

By substituting the estimate # into a(y,¢), the minima of the following function can be found.

A

& =min a" (5,9, Z}fa(jt,0) = min a (9)af ()Z,Za1(7)ax(9)1 =1, L

diag e NV .. ei” 1) . . R
where a;(y)= { ‘ ‘ ] , a2(¢)=[31N2¢ JIN-D0 jo 1} )
diaga““{eﬂ,---,e]NV} Opt
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10 Sensor Array

Eq. (16) implies that a, (@) is just the eigenvector corresponding to the smallest eigen-value
of al(7)Z,Z"a (), and ¢ is easily solved from a, (q),)

The DOA and range estimates of the [ th source can be in turn expressed as:

A
6, = il
) = arcsin( 27rd) (17)
and
2
p =T 082(8), 1=1, L. (18)
A,

In fact, if the Ith source is far-field one, the estimate ¢ would approach to zero. Thus,
whether the | th source is near-field or far-field one can be determined. Since both B and A
are of full column rank no matter whether the received signals be pure far-field sources or
pure near-field sources or mixed far-field and near-field sources, the proposed algorithm
can deal with arbitrary-field sources well.

3.2 Description of the proposed algorithm

Some simulations are conducted in this section to assess the ability of the proposed
algorithm to localize near-field, far-field, as well as mixed near-field and far-field sources.

Two near-field sources are located at {6, =10°, 1, =0.54} (i.e.{y, =—0.2728,¢, =0.3809})
and {6, =20°, r, =1.04} (i.e.{y, =-0.5372,¢, =0.1734}), respectively. The snapshot number
and SNR are fixed at 400 and 10 dB. The scatter plot of estimated (7;,4,) pairs from 500
independent trials using the proposed algorithm, the near-field source localization
algorithm (i.e. ESPRIT), and the far-field source localization algorithm (i.e. MUSIC) are
shown in Figs. 7-9, respectively. From these figures, it can be seen that the far-field source
localization algorithm fails in localizing near-field sources.

The near-field source is located at {6, =10°, r, =054} (ie. {p =-0.2728,¢ =0.3809});
whereas the far-field source is localized at {6, =20°,7, =4} (i.e. {y, =—0.5372,0, =0} ). The
snapshot number and SNR are fixed at 400 and 10 dB, respectively. The scatter plot of estimated
(771,(/31) pairs from 500 independent trials using the proposed algorithm, the near-field source
localization algorithm (ESPRIT), and the far-field source localization algorithm (MUSIC) are
shown in Figs. 10-12, respectively. These figures show that the far-field source localization
algorithm (MUSIC) fails in estimating azimuth DOA of the near-field source. However, the
proposed algorithm performs well in localizing both near-field and far-field sources.

Two far-field sources are localized at {6, =10°,1, =+e} (ie. {y; =-0.2728,¢4, =0}) and
{6, =201, =+oo} (ie. {3, =—0.5372,¢, =0} ), respectively. When the snapshot number and
SNR are fixed respectively at 400 and 10 dB, the scatter plot of estimated (7,,4,) pairs from
500 independent trials using the proposed algorithm, the near-field source localization
algorithm (ESPRIT), and the far-field source localization algorithm (MUSIC) are shown in

Figs. 13-15, respectively. From these figures, it can be seen that the near-field source
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Passive Source Localization of Sensor Arrays 11

localization algorithm fails in localizing far-field sources, but the proposed algorithm
performs well in estimating azimuth DOA of the two far-field source.

Two nearfield source localization using the proposed algarithm
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o1r
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02F

L Y
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Fig. 7. Scatter plot of estimated (y, @) pairs for two near-field sources using the proposed
algorithm

Two near-field source localization using the near-field localization algorithm
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Fig. 8. Scatter plot of estimated (y,¢) pairs for two near-field sources using the near-field
source localization algorithm (ESPRIT)

Two near-field source localization using the far-field localization algorithm
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Fig. 9. Scatter plot of estimated (y,¢) pairs for two near-field sources using the far-field
source localization algorithm (MUSIC)
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Mixed near-field and far-field source localization using the proposed algarithm
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Fig. 10. Scatter plot of estimated (y,¢) pairs for mixed near-field and far-field sources using

the proposed algorithm

Mixed near-field and far-field source localization using the near-field localization algorithrm

06

05

0.4

03

0z

¢ (rad)

01

0

0.1

02

_ # _
:
:
4 :
: :
08 0.8 07 0.6 08 04 0.3 02 01 u]
¥ (rac)

Fig. 11. Scatter plot of estimated (y,¢) pairs for mixed near-field and far-field sources using

the near-field source localization algorithm (ESPRIT)

Mixed near-field and far-field source localization using the far-field localization algorithm
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Fig. 12. Scatter plot of estimated (y,¢) pairs for mixed near-field and far-field sources using
the far-field source localization algorithm (MUSIC)
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Two far-field source localization using the proposed algorithm
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Fig. 13. Scatter plot of estimated (¥, @) pairs for two far-field sources using the proposed
algorithm

Twao far-field source localization using the near-field localization algorithm
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Fig. 14. Scatter plot of estimated (y,¢) pairs for two far-field sources using the near-field
source localization algorithm (ESPRIT)
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Fig. 15. Scatter plot of estimated (y,¢) pairs for two far-field sources using the far-field
source localization algorithm (MUSIC)
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From these simulations, it can be seen that no matter whether the received signals are near-
field sources, far-field sources or their mixture, the proposed algorithm can perform better
in localizing these sources.

4. New estimator for elevation angle
4.1 Proposed estimator

When elevation angles are between 70 and 90 degrees, the estimator

(A 2.2
asm[% 7/12+¢,2j

may fail because imperfect estimations of (%,él) result in

A 22
27d 7/12+¢l

being greater than 1, causing the calculation of

asin(z—j_d«/f/lz +¢?,2j

to fail, where y =-2zdsingjcosfl /A and ¢ =-2zdsing;sinff; /A. On the other hand,
some algorithms adopt another estimator

A9
acos| — |,
2rd

which is of low estimation accuracy when elevation angles are between 0 and 20 degrees
(8 =—2mdcose; / A). Note that cos(20°) =sin(70°)>0.9 and thus it is impossible that both
cos(e) and sin(¢x) are greater than 0.9 simultaneously. Therefore, e

asin(ﬁ«/ﬁ . éZZJ and acos (-2/1_7;2]

can be combined to form a new elevation angle estimator, which can efficiently avoid
estimation failure and is of high estimation accuracy.

1 A9, (A [ . (|48 A (22
E{acos [ﬁj +asm(% P +or j} if 2”; <09]| and 5md 7 +07|<0.9
o = acos[%] if 2/1;:; <0.9 | and Z_j'd #+¢2209|(19)
(A 2 - (49 A (22
asm(ﬁ 7+ ¢,2j if Zﬂ'él 209 | and omd 7 +07|<09
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4.2 Simulation results

To access the effectiveness of the proposed elevation estimator, we consider a two L-shape
arrays with 16 elements as shown in Fig. 16. These sensor locations are in unit of d=A4/2.
We consider a single source case (/%27 k ): elevation angle « and azimuth angle # vary from
(0°,0%) to (90°,90°) with 5° increment. The snapshot number and the SNR are set to 200
and 10dB, respectively. The received signals are polluted by zero-mean additive white
Gaussian noises. We use the root mean square error (RMSE) as the performance measure.
All results provided are based on 500 independent runs. For each (¢, ), we conduct 500
trials, and count the estimation failure times as well as the averaged performance only from
successful trials (RMSE of elevation angle estimations versus different azimuth-elevation
pair for this single source). Fig. 17 and 18 give the averaged performance counted from
successful trials and the corresponding Failure Rates (FR, the failure times divided by 500)
of the estimator

. A 2
asm(zﬂ_d 7,2+(,/), j,

respectively.

Since the estimator

A8
acos| ——
2rd

shows no failure for all pair angles, we only show its averaged performance (RMSE of
elevation angle estimations versus different azimuth-elevation pair for this single source) in
Fig. 19.

Zz
(0,0, Md)

(0,0,(M —1)d)

)

~—~
=
=
O

Q)
(0.(M-1)d,0)

|
|
|
N |
|
|

N

Fig. 16. Two L-shape array configuration

From Figs. 17 and 18, it can be seen that the estimator
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asin(%m j

may break downs especially when elevation angles are between 70° and 90°. In addition, it
is obvious that the estimator

asin(ﬁm j

has lower estimation accuracy in region [70°,90°] than other regions. As the elevation angle
approximates to 90°, the failure rate increases, and the related RMSE (from the successful
trails) increases [15]. Although the estimator

A9
acos| ——-
2rd

shows no failure for all pair angles, we observe from Fig.19 that when the elevation angle
lies in [0°,20°], the related RMSE increases. In addition, the averaged performance of the
proposed estimator (RMSE of azimuth angle estimations versus different azimuth-elevation
pair for this single source) is given in Fig. 20, which shows that the proposed estimator
improves the performance significantly compared to

) A 5 = s
asm(% 7’12 +¢12j and acos[;—fﬂ

T

especially in the regions [0°,20°] and [70°,90°].

m

Azimuth Angle 0 lenvmtion Angle

Fig. 17. Averaged performance (counted from successful trials) of elevation angle

o . . . o . (A a2
estimations versus different azimuth-elevation pair using the estimator asin (ﬂ 7P+ j
7
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Fig. 18. Failure rates of elevation angle estimations versus different azimuth-elevation pair
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Fig. 20. Averaged performance of elevation angle estimations versus different azimuth-
elevation pair using the proposed estim

From these simulations, it can be seen that the proposed estimator combines

. A 5 = 29
asm(—vylz +¢12J and acos A% ,
2zd 2 7d

T

and thus avoids both estimation failure and low resolution.

5. Conclusion

In this chapter, several novel high-resolution methods are introduced to overcome the
difficulties encountered in the passive source localization of sensor array, i.e. pairing failure,
mixed near-field and far-field source localization, and estimation failure problems.
Although they have been developed for the uniform linear array and L-shaped array, these
algorithms can be easily extended to other sensor array configurations.
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