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Abstract: This study proposes a novel algorithm for wideband signal directions-of-arrival (DOA) estimation
based on the Singular Value Decomposition (SVD) perturbation. In our algorithm, the SVD perturbation of
focusing matrix 1s derived and the range of the perturbation parameter 1s also given. Compared to conventional
wideband DOA estimators, our algorithm enjoys the following advantages: (i) consider the nonideal arbitrary
sensor arrays, the effects of imperfection and the mutual coupling; (ii) does not require preliminary DOA
estimates. As illustrated in simulations, the proposed algorithm exhibits high DOA resolution performance even
if the errors of the actual element positions, gains and phases are presented.
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INTRODUCTION

Inrecent years, estimating signal location parameters
like the directions-of-arrival (DOA)s from observed
sensor array data has been of considerable mterest. In
many classical DOA estumation algorithms, the
assumption is that the signals are narrow band.
Apparently, those algorithms are not adapted to the
wideband or ultra wideband signals. Then, it 1s necessary
to nvestigate appropriate algorithms (Hong and Russer,
2003a; Valaee and Kabal, 1995) that are adapted to the
wideband signals. Currently, there mainly exist two types
of wideband DOA estimation algorithms: Maximum
Likelihood (ML) (Feder and Wemnstein, 1988) methods and
signal subspace methods (Su and Morf, 1983).

Recently, several efficient wideband signal subspace
methods using beamforming technique have been
proposed (Ward et al, 1998, Agrawal and Prasads,
2000; Lee, 1994). However, these methods need to carry
out many times SVD. Tt's well known that the
computational load of the SVD 1s excessive. Inn the DOA
estimation, the number of matrices that needs SVD
presents exponential increase if the number of the sowrces
increases. Therefore, it is necessary to find high efficient
numerical techniques to carry out the SVD. In addition,
these methods obtain DOA results under the premise that
the sensor array is ideal. However in practice, the
measuring errors of the sensor array isn’t ignored in the
case of high resolution digital DOA. Furthermore, due to

the performance change of the array components resulted
from temperature and humidity change, ageing of Radio
Frequency (RF) elements and mutual coupling among
array elements, the sensors array exists error itself. All of
errors can make the array mamfold matrix imprecise.
Therefore, it 13 obligatory that the sensor array error
should be calibrated. From this perspective, we here
propose a novel wideband DOA estimation algorithm
based on SVD pertwbation in the presence of the
nomideal arbitrary sensor arrays, the effects of
imperfection and the mutual coupling,.

THE SVD PERTURBATION
The basic ideas of SVD perturbation can be depicted

On the one hand, assume the SVD
decomposition of a mxn real matrix A; € R™" is:

as follows.

Ay =TS V)
where, U, =[u,,. W, - u,, ] and V, =[v;,, vy, -, v, ] satisfy
AAlu, =alu, 1<i<m

ATA v, =olv, l<i<n

On the other hand, assume another matrix A, € R™™
coming from A, by a perturbation modification, i.e.,

A=A, +eA, 0<fg<l AcR™ A eR™ (1)
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where, €A, is a small perturbation matrix and € is the
perturbation parameter. Given such assumes, it has been
proved in (Lv, 1997, 1991) that we could asymptotically
approximate (5., U, V) by using (X, U;, V).

THE SIGNAL MODEL AND THE
FOCUSING PRINCIPLE

We consider a wavefield generated by N wideband
sources in the presence of noise. It 13 sampled temporally
and spatially by a passive sensor array of M. The N
sources impinge on the amay from distinct directions
(6, ,),1=1,L,N. The variables 6, and s, are azimuth and
elevation, respectively. For the m-th element, we have:

X, (@) = 7= Os(e, ) + 1, (6) (2)

Considering that the gains «(w,), phases £e(w,) and
positions d;(w,) of the ith elements, the discrete model of
the M elements’ received wideband signal can be
rewritten in matrix form1:

() = Al@)8(0, )+ Niew,)

In practice, the true values of the gains, phases
and position are unknown. However, their measuring
values @), &(w,) and d (e ) are known.

As shown in Hong and Russer (2003a), the focusing
matrix T(w,) is determined by least squares fitting:

R(o,)- T,)A,,)], @

miny, ,

where, ||| is Frobenius matrix norm. The matrix
Aley) =[3(0,, ).+, 7(0,.c3)] 18 the target mamfold matrix.

The solution of Eq. 3 15 given by:
T(ey) =L,R]

where L, and R, are the left and right singular vectors of
the product Afcy)=[3(8,c), - 3(0y,¢)]. The symbol |
denotes pseudo-inverse operation. In the focusing, we
know every angle point needs to carry out SVD for
frequency bins ®.l=k<h in the range of the scanning
angle.

THE PROCESSING OF PERTURBATION

According to Eq. 3, the focusing matrix T(w,)
18 determined by A{m)Al(e). For calculating A(em)
we only resort  to  the measwing  value
T, (), &) and d (e, ) (1 i «M). However, the matrix A (wy)
is calculated by using true value o (ey). &) and d, ().

Unfortunately, (o). &loy)andd(e)  could mnot be
obtained in practice. At the same time, we have to use the
measuring value to calculate the array mamfold matrix
AU e = C(@,)- Al)  in the presence of mutual
coupling. Therefore, we have to resort to the perturbation
method.

In the perturbation method, the imprecision resulted
from the differences between measuring value and true
value 1s revealed by the perturbation parameter €. So how
to obtain the range of € 15 the key problem that
remedies the differences. Assume the preliminary matrix
is AAdy,.|[8 for the preliminary angle 6, Thus for
arbitrary angle 0,, the matrix is AsAchu..|% The difference
between A Acl, |8 and A Ac]

inherenl

8, 1s given by:

By = ApAch |8 - A ACk, |8 4

For arbitrary angle 0,, the &:4cLl8 is calculated by
true @ (@} § (o ) and d. (). The difference is expressed as:

B_, - AAc,|6 - AAc |8 &)
From (4) and (5), we know
Bou~ Bian = KU[(A;&‘ex)CLal - (A,T,.hm|e.)cfmml (6)

In practice, the position error in DOA estimation can
be omitted. We obtain:

B~ Bt = AR (' Cla = 7 Clama) @
According to the definition of vy, we have:
v = ae™ =@, + &‘)CJ@ﬁE,) (8)

The change of v, can be omitted if & is in the range
of [-5°, 5°]. Thus Eq. 8 can be rewritten as:

¥, = el = (@ +&)e

According to the structure of the mutual matrix C,
omit the effect of error of the positions, that is, only
consider the effect of gains and phases. Tt is inferred that
only the matrix G has much effect on C. The element g,
(1#]) of G 1s:

(A A el G m o a yel St [&]
g = (@, +a@)e" ™ (o + e’ €

Similarly, omit the effect of & | Eq. 9 can be rewritten
as:
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Fig. 2: Spatial spectrum for different scamming angle steps

corresponding spatial spectrums are given in Fig. 2 when
the scanming angle steps are varied in the range of
[0.5°, 4°]. The figure illustrates that P-MUSIC owns lugh
DOA resolution performance when the step is below 4°.

CONCLUSION

This study proposes a new algorithm for wideband
signal DOA estimation based on SVD perturbation
method. In this algorithm, the SVD perturbation of
focusing matrix 1s firstly derived under the premise that
the errors of the actual element positions, gains and
phases are considered. Following that, the range of the
perturbation parameter i3 given. Finally, the DOA of the
wideband signals 1s estimated by summarizing the
focusing matrices and by a narrowband DOA estimator
such as MUSIC. Theoretical analysis illustrate that the
computational load of the proposed algorithm is small.
The simulation results verify the feasibility of the
proposed algorithm.
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