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Abstract We introduce a novel beamspace processing structure that can be used

for narrowband or wideband sources located either in nearfield or farfield of a sensor

array. Main features of the new structure are: (i) a single parameter is used to steer

the processor to any desired radial distance; (ii) a set of fixed frequency invariant

orthogonal beamformers are used to transform array data into beamspace; and (iii)

consequently, only a single set of beamspace weights are needed to process wideband

beamspace data. The utility of the novel structure is illustrated by applications in

interference cancellation and direction/range estimation.

Keywords broadband beamforming, array processing, adaptive arrays, direction

estimation, interference cancellation, nearfield, sensor arrays

1 Introduction

Wideband beamspace processing is used in applications of adaptive interference can-

cellation and direction of arrival (DOA) estimation in the fields of speech acquisition,

radar, sonar and radio communications. While there has been a plethora of beamspace

techniques reported in the literature, having them operate well for broadband nearfield

signals such as speech is still a challenging problem. In this paper, we develop a general

beamspace structure that is suitable for source signals such as speech and audio within

any range of frequencies and originating from any distance from the array.

In beamspace processing, a bank of beamformers is employed to transform sensor-

array data from element space into beamspace, which are further processed to achieve

the objectives of the application. Generally, beamspace has less free parameters com-

pared to the element space and subsequently less computation [7]. Most of the element

space processing algorithms can be equally applied to reduced dimension beamspace

data.
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Work on wideband beamspace processing was reported in [7,17,19] as a method

to solve the broadband source localization problem. Beamformers in these papers are

designed to be directional in different sectors so that a sector of source locations can be

selected by processing only the outputs of the beamformers corresponding to that sector

[19]. In [4], a frequency invariant beamformer matrix was used to transform frequency

decomposed array data in to beamspace. These beamformers are designed by solving a

multiparameter least squares optimization problem. Then the coherent signal subspace

(CSS) approach (introduced by Wang and Kaveh [15]) is applied in beamspace to

localize wideband signal sources. In [16], a set of frequency invariant beamshaping filters

was applied to time domain array data, rather than data in frequency decomposed bins.

Unlike CSS based methods, this method does not require frequency decomposition.

Some of the other recent work related to wideband beamspace processing is reported

in [9,3,11,5,12,18].

A novel nearfield beamforming design was recently proposed in [13]. The feature

of that method was that a single parameter was used to steer the beamformer to

any desired radial distance, and another set of parameters control the actual beam-

pattern shape. In this paper we provide additional insights into [13], and extend this

previous work to develop a general beamspace processing structure that is suitable

for any frequency range and any radial distance; hence, it can be used for narrow-

band or wideband sources, located in nearfield or farfield. To demonstrate how the

proposed beamspace structure can be used, we present illustrative examples from two

applications: (i) interference cancellation, and (ii) direction estimation.

This paper is organized as follows. In Section 2, we formulate the beamspace pro-

cessing problem. Section 3 shows how to design modal beamformers and describes the

proposed beamspace structure. Utility of the new structure is illustrated in Section 4

by applying the method to adaptive interference cancellation and direction of arrival

(DOA) estimation.

2 Beamspace Processing

Consider a linear array of Q sensors located at points ℓ1, . . . , ℓQ along a straight line.

Assume that at the each sensor, time-domain data is collected over M samples and

a windowed M -point DFT used to form a frequency-domain snapshot. Let xq(fm)

denote the signal in the mth frequency bin at the qth sensor. To simplify notation we

will not specify explicitly the frequency dependance in the sequel (until Section 4 where

we consider specific applications). Assume that P beamformers are created from these

sensor signals, and the pth beamformer output is given by

yp = w
H
p x, p = 0, . . . , P − 1, (1)

where

wp = [wp,1, . . . , wp,Q]H

is the array weight vector for the pth beamformer (with wp,q ∈ C the qth weight of the

pth beamformer), and

x = [x1, . . . , xQ]T

is the array data vector. We use ·T to denote transpose, and ·H to denote Hermitian

(complex conjugate) transpose. Stack the outputs of the P beamformers to form the

P × 1 beamspace vector

y = W
H

x, (2)
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where

W = [w0 . . .wP−1] (3)

is the Q×P weight matrix. Thus W transforms the Q-dimensional elementspace data

vector x to the P -dimensional beamspace data vector y.

The goal in beamspace processing is to design the weights W to produce a set of

beamformers that have certain desirable properties, and then perform processing in

this reduced dimension, i.e., P < Q.

It is instructive to consider the spatial response of the pth beamformer to a point

source at the polar coordinate (r, θ) (with respect to the array origin), i.e.,

bp(r, θ) = w
H
p v(r, θ), (4)

where v(r, θ) = [v1(r, θ), . . . , vQ(r, θ)]T is the array manifold vector, with

vq(r, θ) = reikr e−ik
√

ℓ2q+r2−2rℓq cos θ

q

ℓ2q + r2 − 2rℓq cos θ
, (5)

where k = 2πf/c is the wavenumber, c is the speed of wave propagation, and f is the

frequency. For a farfield beampattern the array manifold becomes

vq(θ)
∆
= lim

r→∞
vq(r, θ) = eikℓq cos θ. (6)

Often, beamspace processors are designed such that the set of beamformers cover a

chosen spatial region within which the desired sources are assumed to lie. In this paper,

however, we propose a set of orthogonal beamformers that are motivated by the unique

properties that arise from modal representation of beampatterns.

3 Orthogonal Modal Beamspace Processing

We champion the use of the following specific set of beamformers, where at a chosen

radial distance r the pth beamformer has a spatial response:

bp(r, θ) = Yp(θ), (7)

where

Yp(θ)
∆
=

r

2p + 1

2
Lp(cos θ), (8)

and Lp(cos θ) are the Legendre functions. As shown below, these particular beamform-

ers exhibit a set of useful properties that make them particularly suitable for general

wideband beamspace processing. These properties are:

(i) Because of the orthogonality property of the Legendre functions [6, p.117], the

beampatterns form an orthonormal basis set on [0, π], i.e.,

Z π

0
Yn(θ)Ym(θ) sin θdθ =

(

1, if n = m,

0, otherwise.
(9)

(ii) The beampatterns are constant across frequency, making them ideal for wideband

applications.
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(iii) As specified in Theorem 2 below, each beamformer can be individually steered

to any radial distance (from nearfield to farfield) by multiplying the beamformer

output by a single frequency-dependent scalar. To the best of our knowledge, this

property is not exhibited by any previously proposed beamspace processor.

The beampatterns of the first six orthogonal modal beamformers Yp(θ), p = 0, . . . , 5

are shown in Fig. 1.

The chosen set of orthogonal beamformers in (8) is motivated by the unique prop-

erties that arise from the following modal representation of beampatterns.

3.1 Modal Representation of Beampatterns

Consider a linear array of Q sensors located at points ℓ1, . . . , ℓQ along a straight line.

For any arbitrary beamformer formed from this array, the response to a point source

at location (r, θ) is defined as

b(r, θ)
∆
=

Q
X

q=1

wqvq(r, θ), (10)

where wq , q = 1, . . . , Q are the array weights, and vq(r, θ) is defined in (5). We now

have the first main result of this paper.

Theorem 1 For a radial distance r that is outside the aperture of the array, any

beampattern b(r, θ) that can be realized using a finite linear array can be represented

using a modal expansion as

b(r, θ) =

∞
X

n=0

αngn(r)Yn(θ), (11)

where

αn = in
√

4n + 2

Q
X

q=1

wqjn(kℓq), (12)

are a set of modal weighting terms,

gn(r)
∆
=

kr

in+1
eikrh

(2)
n (kr), (13)

and Yn(θ) is given by (8). In this expansion, n is a non-negative integer to index modes,

h
(2)
n (·) are the spherical Hankel functions of the second kind, and jn(·) are the spherical

Bessel functions.

Proof Using the Jacobi-Anger expansion [2, p.30], one can express

vq(r, θ) = (−i)kreikr
∞

X

n=0

(2n + 1)h
(2)
n (kr)jn(kℓq)Ln(cos θ), (14)

for r > |ℓq| ≥ 0 . The result follows immediately by substitution of (8) and (13).

We have the following comments on this expansion:
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– For a given wavenumber k, each mode of the beampattern (11) has two separable

terms: the first term gn(r) is a radial focussing term that is independent of an-

gle, and the second term Yn(θ) is a valid beampattern that is independent of the

wavenumber (frequency). We use this unique separability property to construct fre-

quency invariant beamformers that can be readily focused to any radial distance.

– The radial focusing term has the following property:

lim
r→∞

gn(r) = 1. (15)

– Equation (11) can be viewed as a standard Fourier series type expansion of a

function where Yn(θ), n = 0, . . . ,∞ are the orthonormal basis set. Thus

αn =
1

gn(r)

Z π

0
b(r, θ)Yn(θ) sin θdθ (16)

is the equivalent analysis equation. Since (11) and (16) form a Fourier series pair

all standard properties of such pairs can be assumed. For example the Parseval’s

relation of (11) and (16) is

Z π

0
|b(r, θ)|2Yn(θ) sin θdθ =

∞
X

n=0

|αn|2|gn(r)|2. (17)

3.2 Finite-Series Modal Representation

Suppose that one wishes to approximate the beampattern in (11) using a finite series

of the form:

bN (r, θ) =

N−1
X

n=0

αngn(r)Yn(θ). (18)

Because of the Fourier series relationship between (11) and (16), one can use arguments

similar to those for the standard exponential Fourier series expansion [8] to show that

the squared error between b(r, θ) and bN (r, θ) over [0, π] is minimized if the modal

weighting terms in (18) are given by (16). Thus, for any beampattern that can be

represented by (11), the best approximation using only N terms is given by truncating

the expansion to use the terms n = 0, . . . , N − 1. The approximation error is negligible

if the number of terms is chosen as [1]

N ≈ ⌈kmaxℓmax⌉, (19)

where kmax is the maximum wavenumber of interest (corresponding to the lowest

frequency of interest), ℓmax = max|ℓq |, and ⌈·⌉ denotes rounding up to the nearest

integer.

3.3 Design of Modal Beamformers

Having chosen the set of P beamformers that will constitute the beamspace proces-

sor, we must now design the beamspace weighting matrix W. One possible method

for designing these weights could be based on the continuous sensor approximation



6

described in [13]. Here, we use results from the previous sections to develop a least

squares approach.

Let wp,q(r) be the beamformer weights that produce the beampattern Yp(θ) at a

particular radial distance r. Then it follows from (12), (16) and (9), that with b(r, θ) =

Yp(θ):

in
√

4n + 2

Q
X

q=1

wp,q(r)jn(kℓq) =

(

1/gp(r), if n = p,

0, otherwise.
(20)

Let wp(r) = [wp,1(r), . . . , wp,Q(r)]H be the Q-vector of weights. We can rewrite (20)

as

w
H
p (r)J = d

H
p (r), p = 0, . . . , P − 1, (21)

where dp(r) = [0, . . . , 0, 1/g∗p(r), 0, . . . , 0]T is a N-vector with the pth element equal to

1/g∗p(r), where ∗ denotes complex conjugate. The (q, n)th element of the Q×N matrix

J is

[J]q,n
∆
= i(n−1)

p

4(n − 1) + 2 jn−1(kℓq). (22)

where q = 1, . . . , Q, and n = 1, . . . , N . Equation (21) can be solved in the least squares

sense to obtain the required weights as

wp(r) = [JH ]†dp(r), p = 0, . . . , P − 1, (23)

where † denotes the Moore-Penrose generalized matrix inverse. Note that the number

of terms N used to approximate the beampattern Yp(θ) is not the same as the number

of beampatterns P , but should be chosen according to (19) in Sec. 3.2 (one must also

ensure that N > P ).

We now have the following structural property of the chosen beamformers.

Theorem 2 Let W denote the set of array weights that produce the farfield responses

bp(∞, θ) = Yp(θ), p = 0, . . . , P − 1. The required set of array weights that produce the

nearfield responses bp(r, θ) = Yp(θ), p = 0, . . . , P − 1, at a radial distance r are given

by

W(r) = WG
H(r), (24)

where

G(r) = diag[1/g0(r), . . . , 1/gP−1(r)]. (25)

Proof In the farfield, (21) becomes wH
p (∞)J = dH

p (∞), where dp(∞) = [0, . . . , 0, 1, 0, . . . , 0]T

is a N-vector with the pth element equal to one. Noting that dp(r) = 1/g∗p(r)dp(∞),

(23) becomes

wp(r) =
1

g∗p(r)
[JH ]†dp(∞),

=
1

g∗p(r)
wp(∞), p = 0, . . . , P − 1.

Defining G(r) as in (25), and stacking these weight vectors across p completes the

proof.
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Note that for a farfield-focused beamformer, G(∞) = IP , where IP is the P -dimensional

identity matrix.

The practical consequence of this theorem is that the beamforming weights can be

designed for farfield operation according to (23) with r = ∞, and then the beamspace

processing can be easily focused to any specific radial distance simply by changing the

diagonal focusing matrix G(r). The beamspace processing structure that we propose

is shown in Fig. 2.

We make the following comments regarding this structure:

1. Each of the P beamformers has a beampattern that is frequency invariant. In

a wideband interference cancellation application where the source and interferers

cover the same wide frequency band, only a single set of beamspace weights is

required.1 In a wideband direction estimation application, this property performs

the same role as focusing matrices in the coherent signal subspace method [15] (this

will be demonstrated in Section 4.2).

2. The array can be easily focussed to any radius from nearfield to farfield through

appropriate choice of the single radial focussing parameter r.

4 Applications

Having described the beamspace processing structure that we propose, we now briefly

describe how it may be used in two common beamspace processing applications. The

first of these is interference cancellation, and the second is direction-of-arrival estima-

tion2.

4.1 Interference Cancellation

To demonstrate the use of the proposed beamspace structure in an interference cancel-

lation application, we will consider a simple minimum-variance distortionless-response

(MVDR) algorithm3. Interference cancellation is an important problem in speech ac-

quisition systems where the interference sources could be other speech sources or any

noise source.

For this application, a vector of weights is applied to the beamspace data y to form

the final scalar output

z = a
H

y = a
H

W
H

x, (26)

where

a = [a0, . . . , aP−1]
T (27)

are the beamspace weights, with ap ∈ C. The goal is to design the weights a so that a

desired source is captured at the output, while attenuating any unknown interferers.

1 When the source and interferers have different spectra, it may be advantageous to use a
separate set of beamspace weights in each frequency bin.

2 It is not our intention in this section to present results for specific iterative algorithms, we
merely want to show indicative examples of how the proposed structure can be used in typical
applications. Thus, we only present results from simulations using asymptotic data covariance
matrices.

3 Any of a number of algorithms could be used with the proposed beamspace processor. See,
for example, [14] for other suitable algorithms.



8

Up to now we have not specifically mentioned frequency dependence in our for-

mulation. Essentially there are two ways in which the proposed beamspace processor

can deal with wideband sources. If source and interferers have differing spectral signa-

tures, then it may be advantageous to provide temporal as well as spatial filtering, in

which case independent narrowband processing in each frequency bin would provide

useful additional degrees of freedom4. Alternatively, if source and interferers have sig-

nificantly overlapping frequency spectra such as speech, these added degrees of freedom

may not be necessary, and a frequency-invariant algorithm with a reduced number of

parameters may be more appropriate. We now formulate each of these cases within our

proposed beamspace processing framework.

4.1.1 Independent Narrowband Processing

Let the subscript m denote that the specified parameter belongs to the mth frequency

bin. So the focussed beamspace output can be written

zm = a
H
mW

H
mxm = a

H
mym, ∀m ∈ M, (28)

where M is the set of indices for the frequency bins that fall within the frequency band

of interest, and M has M̃ elements.

The MVDR problem is to minimize the output power subject to a unity-response

constraint for the desired source direction. This can be written:

âm = min
am

E{|zm|2} subject to a
H
mṽm(rs, θs) = 1

= min
am

a
H
mS

BS
m am s.t. a

H
mṽm(rs, θs) = 1, (29)

where (rs, θs) is the known source location in polar coordinates,

S
BS
m = E{ymy

H
m} (30)

is the beamspace spatial spectral matrix, and

ṽm(r, θ) = G(r)WH
mvm(r, θ), (31)

is the focussed beamspace manifold vector. Note that SBS
m is related to the conventional

(i.e., elementspace) spatial spectral matrix SES
m = E{xmxH

m} by SBS
m = WH

mSES
m Wm.

The solution to this problem is:

âm =
[SBS

m ]−1ṽm(rs, θs)

ṽH
m(rs, θs)[SBS

m ]−1ṽm(rs, θs)
. (32)

This algorithm has PM̃ free parameters,5 where recall P is the numbers of beam-

formers and M̃ ≤ M is the number of frequency bins of interest.

4 For example, the desired source could be speech and the interfere could be noise from an
air conditioner which typically have a different spectral signature.

5 Observe that M̃ of these parameters are used to impose the distortionless constraint in
(29), leaving (P − 1)M̃ parameters to reduce the interference.
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4.1.2 Frequency-Invariant Wideband Processing

As an alternative to performing beamspace processing in each frequency bin indepen-

dently, the frequency-invariant property of the beamformers allows us to perform pro-

cessing in a reduced dimensional space. Of course, this reduces the degrees of freedom

for cancelling interferers, although the computational complexity is also significantly

reduced because of the reduced number of parameters.

Consider the frequency averaged output power of the beamspace processor:

E{|z|2} ∆
=

1

M̃

X

m∈M

E{|zm|2}

= a
H

S̄
BS

a, (33)

where

S̄
BS =

1

M̃

X

m∈M

S
BS
m (34)

is the frequency-averaged beamspace spatial spectral matrix.

The frequency-averaged MVDR problem becomes

â = min
a

E{|z|2} subject to a
H

ṽ0(rs, θs) = 1

= min
a

a
H

S̄
BS

a s.t. a
H

ṽ0(rs, θs) = 1, (35)

where ṽ0(rs, θs) is the focussed beamspace manifold vector (31) evaluated at the mid-

band frequency f0 = (fU + fL)/2, where fU is the upper frequency of interest and

fL is the lower frequency of interest. Thus, this beamformer seeks to minimize the

average output power (averaged over frequency) subject to a single constraint that the

response is unity in the look direction at the mid-band frequency f0. Because of the

frequency-invariant property of the beamformers, this single constraint ensures that

the look direction response is distortionless across frequency.

The solution to this problem is:

â =
[S̄BS]−1ṽ0(rs, θs)

ṽH
0 (rs, θs)[S̄BS]−1ṽ0(rs, θs)

. (36)

Compared to the PM̃ free parameters in the independent narrowband processor, this

frequency-invariant processor has only P free parameters irrespective of the bandwidth

of interest.6

4.1.3 Simulation Example

To demonstrate the performance of these algorithms, consider a signal environment

consisting of three wideband sources, each covering the normalized frequency band

of fL = 0.1 to fU = 0.4 (with a normalized sampling frequency of 1). The desired

source is located at an angle of 90◦ with a SNR of 20 dB, and uncorrelated interferers

are located at angles of 30◦ and 125◦ with SNRs of 37 dB and 40 dB respectively

(where SNR is measured with respect to uncorrelated additive noise at each element

6 Observe that one of these parameters is used to impose the constraint in (35), leaving
(P − 1) parameters to reduce interference.
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in the sensor array). All sources are located in the farfield of the sensor array. These

signals impinge on a uniformly spaced linear array of 20 elements, with an inter-sensor

spacing corresponding to half a wavelength at a normalized frequency of 0.5. For our

proposed beamspace structure, we use P = 6 orthogonal beams designed according to

Section 3.3. We compare the performance of the two beamspace processors above with

an independent narrowband beamformer operating in elementspace.

In calculating the optimum weights, we use an ideal elementspace spatial spectral

matrix in each frequency bin, i.e,

S
ES
m = Vm(Θ)RmV

H
m(Θ) + σ2

IQ, (37)

where Rm is the 3 × 3 source covariance matrix (assumed diagonal for uncorrelated

sources), σ2 is the variance of the additive sensor noise, Θ is the set of three source

locations, and each column of Vm(Θ) is the array manifold vector vm corresponding

to the respective source location. Frequency decomposition is performed using a DFT

size of 128, resulting in 39 frequency bins within the design band.

The results are shown in Fig. 3, where each plot shows the resulting optimum

beampattern calculated in each of the 39 frequency bins of interest. As one would

expect, each of the processors results in a spatial response that nulls the interference

at 30◦ and 125◦, while maintaining unity response at 90◦. Observe that the response

of the frequency-invariant wideband beamspace processor is indeed constant across

frequency.

4.2 Wideband Direction Estimation

A common approach to wideband direction-of-arrival (DOA) estimation is the coherent

signal subspace method [15]. The idea is to use a set of focusing matrices that transform

the narrowband data in each frequency bin to a single reference frequency bin, where

a focused covariance matrix is formed and used with conventional narrowband DOA

estimators (e.g., MUSIC [10]). As shown in [4,16], beamspace processors that exhibit

a frequency-invariant beampattern property perform analogously to focusing matrices

in the coherent signal subspace method. The proposed structure in this paper has this

frequency-invariance property, meaning that it can straightforwardly be used for coher-

ent wideband DOA estimation. Moreover, because of the explicit radial-focusing ability

of our proposed structure, it has the added advantage that the frequency-invariance

property can be maintained at any radial distance. The beamspace structure we pro-

pose in this paper can therefore be used for wideband DOA and range estimation. To

the best of our knowledge, no previously proposed beamspace processor can achieve

wideband focusing in nearfield as well as farfield.

Specifically, at any radial distance r outside the array aperture, the nearfield fo-

cusing property is described by

Gm(r)WH
mvm(r, θ) = G0(r)WH

0 v0(r, θ), m ∈ M, ∀θ. (38)

Thus, one can average the radially-focused data across the frequency band of interest,

without destroying the spatial information contained in the data covariance matrix.

¿From a computational viewpoint, this approach has the disadvantage that one must

perform focusing separately at every radial distance in the search space. However,
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because of the special structure of our proposed beamspace processor, this radial tuning

can be easily performed through tuning of the single parameter r.

As an example, we will consider the use of our proposed beamspace processor

in conjunction with the well-known MUSIC spatial spectrum estimator [10]. In each

frequency bin, a beamspace covariance matrix is formed as

S
BS
m (r) = Gm(r)WH

mS
ES
m WmG

H
m(r), (39)

where SES
m is an estimate of the elementspace covariance matrix. A noise-only beamspace

covariance matrix is formed as

S
NOISE
m (r) = Gm(r)WH

mWmG
H
m(r), (40)

where we assume that the additive sensor noise is spatially white. These covariance

matrices are then averaged across frequency as

S̄
BS(r) =

1

M̃

X

m∈M

S
BS
m (r), (41)

and

S̄
NOISE(r) =

1

M̃

X

m∈M

S
NOISE
m (r). (42)

The focused MUSIC spatial spectrum is then formed as

Φ(r, θ) =
ṽH

0 (r, θ)ṽ0(r, θ)

ṽH
0 (r, θ)E(r)EH(r)ṽ0(r, θ)

, (43)

where E(r) is the matrix of eigenvectors corresponding to the smallest eigenvalues of

the generalized eigendecomposition of [S̄BS(r), S̄NOISE(r)].

As an illustrative example, we consider a signal environment consisting of four

nearfield sources with SNR of 20 dB each, covering the normalized frequency range

of [0.1, 0.4]. The sources are located at angles of [30◦, 90◦, 125◦, 130◦], and at radial

distances of [6, 5, 8, 15]λ0, respectively, where λ0 is the wavelength corresponding to the

center frequency. We use the same array geometry as in Section 4.1. We also assume an

ideal elementspace covariance matrix (which therefore represents asymptotic results).

The resulting MUSIC spatial spectrum is shown in Fig. 4. It is clear that four peaks

are distinctly localized in space, corresponding the correct angle and distance of the

four wideband sources.

5 Conclusions

We have presented a general beamspace processing structure that can be used for nar-

rowband or wideband sources operating in the nearfield or farfield of a sensor array.

Besides its general applicability, this structure has the advantage that the constituent

beamformers are orthonormal, frequency invariant, and can be steered to any radial

distance through a single radial tuning parameter. We have demonstrated how the

structure can be straightforwardly applied to typical applications, by presenting results

from indicative examples of interference cancellation and direction/range estimation. A

key feature of the proposed structure is that it can perform coherent focusing of wide-

band sources in both nearfield and farfield, making it an ideal candidate for wideband

direction and range estimation.
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Fig. 1 Beampatterns of the first six orthogonal beamformers, Yp(θ), p = 0, . . . , 5.
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Fig. 2 Block diagram of proposed beamspace processing structure.
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Fig. 3 Optimum beampatterns produced by example processors, plotted at 39 frequencies
within the normalized design bandwidth of 0.1 to 0.4: (a) elementspace, (b) independent nar-
rowband beamspace, and (c) frequency-invariant wideband beamspace processing. In each case
the desired source is at 90◦, and uncorrelated interferers are present at 30◦ and 125◦.
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Fig. 4 MUSIC spatial spectrum for an environment consisting of four wideband nearfield
sources at angles of [30◦, 90◦, 125◦, 130◦], and at radial distances of [6, 5, 8, 15]λ0, respectively.


