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Multichannel Signal Detection Based on the
Transient Beam-to-Reference Ratio

Israel Cohen and Baruch Berdugo

Abstract—in this letter, we present a multichannel signal detec-  Z(k:£) e Y(k,)
tion approach that is particularly advantageous in nonstationary W(k) >
noise environments. A beamformer is realistically assumed to have M + =
a steering error, a blocking matrix that is unable to block all of the dimensional

desired signal components, and a noise canceler that is adapted

to the pseudostationary noise, but not modified during transient U(k0)
interferences. Signal components are detected at the beamformer L B(¥) H (k)
output based on a measure of their local nonstationarity, and dis- M-1

criminated from transient noise components based on the transient dimensional

beam-to-reference ratio.

. . . . Fig. 1. Multichannel generalized sidelobe canceler.
Index Terms—Adaptive signal processing, array signal pro- g g

cessing, interference suppression, signal detection, spectral ) . . .
analysis. output, the reference noise signals, the desired source signal,

and the input transient interferences. Then, in Section Ill, signal
components are detected based on a measure of their local non-
stationarity, and discriminated from transient noise components

ULTICHANNEL systems advance high-qualitybased on the transient beam-to-reference ratio.

hands-free communication in reverberant and noisy
environments [1]. Compared to single-channel systems, all. MULTICHANNEL GENERALIZED SIDELOBE CANCELING
substantial gain in performance is obtainable due to the spatiaLetx(t)
filtering capability to suppress interfering signals coming fro J(t
undesired directions. However, in case of incoherent or diffugpgn
noise fields, beamforming alone does not provide sufficie
noise reduction, and postfiltering is normally required [2]-[4
Postfiltering includes signal detection, noise estimation, a
spectral enhancement. A major drawback of existing multi-
channel postfiltering techniques is that highly nonstationaryi(t) = ai(t) *z(t) + dis(t) + die(t), i=1,...,M (1)
noise components are not dealt with. The time variation of thghereq, (¢) is the impulse response of thih sensor to the de-
interfering signals is assumed to be sufficiently slow, such thgted sources denotes convolution, andl, andd;, are the in-
the postfilter can track and adapt to the changes in the nofgéference signals corresponding to tie sensor. Using the
statistics. Transient interferences, on the other hand, are BRbrt-time Fourier transform (STFT), and assuming time-in-

differentiated from the desired signal components. ~variant impulse responses [5], we have in the time-frequency
In this letter, we present a multichannel signal detection agpmain

proach based on the transient beam-to-reference ratio. A desired
signal component is presumably stronger at the beamformer Z(k, ) = A(k)X(k, £) + Ds(k, ) + Dy(k, £)  (2)

output than at any reference noise signal, and a noise compdrerek represents the frequency bin indéxhe frame index,
nent is strongest at one of the reference signals. Hence, the ratig
between the transient power at beamformer output and the tran-

I. INTRODUCTION

denote a desired source signal, and let signal vectors
) andd.(¢) denote multichannel uncorrelated interfering
als at the output a¥/ sensors. The vectat(¢) represents
Eeudostationary interferences, ahdt) represents undesired
ansient components. The observed signal attinesensor is

en by

A T
sient power at the reference signals indicates whether such az(k’ f) Z [Z1(k, 0) Za(k, &) - Zu(k, )]
transient is desired or interfering. In Section Il, we review the  A(k) = [Ay(k) Ax(k) - An(k)]"
multichannel generalized sidelobe canceler, and derive linear rey A T

' D,(k, 0) = [D1s(k, £) Das(k, £) -+ Dps(k, £
lations in the power-spectral domain between the beamformer (k, €) A [D1s(k, ) 25 (K, £) s )]T
Dt(k‘, g) = [Dlt(k, g) Dgt(k, g) cet D]\,[t(k, g)] .
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the stationary noise that pass through the fixed beamformer. @ small for noise components. L&be a smoothing operator
assume that the noise canceler is adapted only to the stationiarhe power spectral domain
noise, and not modified during transient interferences. Further- w
more, we expect that some desired signal components may &K (k, £)=as-SY (k, £—1)+(1 — as) Z bilY (k—i, ¢))?
through the blocking matrix due to steering error. i=—w

Assuming homogeneous noise fields, the power-spectral (11)
density (PSD) matrices of the input noise signals are relatéff€reas (0 < o, < 1) is a parameter for the smoothing in
to the corresponding spatial coherence matri€egk, ¢) and time, andb is a normalized window function)(;__,, bi =

T.(k, £), by 1) that determines the smoothing in frequency. Adtdenote
an estimator for the PSD of the background pseudostationary
®p . p,(k, ) =X (k, O)Ts(k, L) noise, derived using the MCRA approach [8]. We define the
®p.p,(k, £) = \(k, OT(k, £) transient beam-to-reference rat{®BRR) by the ratio between
the transient power of the beamformer output and the transient
where);(k, ¢) and\.(k, £) represent the input noise power apower of the strongest reference signal
a single sensor. Since the source signal, the stationary noise and SY (k, £) — MY (k, ¢)
gjnsmnt noise are uncorrelated, the input PSD matrix is given ~ Q(k, £) = i {SU(k. 1) — MUk, 01 (12)

Let three hypotheseH;, Hy:, and H; indicate respectively
— H

Bz2(k, £) = Au(k, OAR)AT(E) + As(k, £)Lu(k, £) absence of transients, presence of an interfering transient, and

+Ae(k, OT¢(k, £) (3) presence of a desired transient at the beamformer output. Then,

A ] ~given thatH, or Hy, is true, we have
where X, (k, £) = E {|X(k, ¢)|*} is the PSD of the desired

source signal. The PSD of the beamformer output and the PSDUE, Ol g, v,

matrix of the reference signals are obtained by N dyy (k, £) — Cra(k, £)As(K, £)
brv (b, £) = W(E) ~ BH)H(E, OFF @505, 0 5, v (8, )= Gl OA(E )
x [W(k) — B(k)H(E, )] (4) __ Cu(k, OXa(k, £) + Cra(k, OM(E, £) (13)
Syu(k, £) = B (k)@ (k, O)B(k). ) pax {Cir(k)Ax(k, £) + Cis(k, £)Ai(k, £)}

Substituting (3) into (4) and (5), we have the following lineaf*SSUMIng there exist thresholfl ., (k) andQiow (k) such that
relation between the PSDs of the beamformer output, the bt Ci3(k, £)
reference signals, the desired source signal, and the inpug( ’ )|Hm ™ max {Ci3(k, )}

S Qlow(k) S thgh(k)

interferences: QS’L'EM k0
11\~
Pyvy S ——— =g = Uk Oy, (14)
o Cii Ci2 Cp3 Ao Y {Caa(k)}
= As (6) we determine the likelihood of signal presence proportionally

>

: ' ' ' to Q(k, £) b
Cuvi Cuz Cus t (k. £) by .
(z)U]\/[UJ\I 07 if Q<k7 f) < Qlow(k)

where Wk, ) = 1(72 o if Q(k, £) > Quign(k)
[C11 Cpp Ci3]=[W-—BH” [AAT T, T,] a ( 7(13)_ 5‘””((]3)7 otherwise.
high — Sllow
x (Is ® [W — BH]) ) & (15)
O O] d?ag { " } ®) The decision rules for detecting transients at the beamformer
(G -+ Carz] =diag {B"T.B} (®)  output and reference signal are
[Cas -+ O] =diag {BHI‘tB} (10)

Ay (k, £) 2SY (k, £) /MY (k, £) > Aq (16)
I3 is a 3x 3 identity matrix;® denotes Kronecker product; and Ap(k, 0) 2 ax (SU;(k, £)/ MU;(k, £)} > A, (17)
diag{-} represents a row vector constructed from the diagonal 2<i<M
of a square matrix. respectively, wheré\y and Ay denote measures of the local
nonstationarities (LNS), andly andA; are the corresponding
[ll. SIGNAL DETECTION threshold values for detecting transients. For a given signal, the

. . . LNS fluctuates about one in the absence of transients, and in-
Transientsignal components are relatively strong at the

L creases well above one in the neighborhood of time-frequency
beamformer output, whereas transiemtise components are . . . .
. . ins that contain transients. The false-alarm and detection prob-
relatively strong at one of the reference signals. Hence, t

transient power ratio between the beamformer output and @le"mes are defined by

reference signals is expected to be large for desired transients, Py y(k, £) =P (Ay (k, £) > Ao | Hos) (18)
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-

Py y(k, £) =P (Ay (k, £) > Ao | Hy U Hoy) (19)
Pf,U(k, [) =P (AU(]i, f) > A |HOS) (20) 16—4 166 10-8

.Pd_’U(k‘7 f) :'P(AU(k? g) >A1|H1UHOt). (21) -

Then, for specifiedP; y and Py ¢, the required threshold ' |

values and the detection probabilities are given by [9] =Y

1 -
Ao :;szl;u(l_Pf,Y) (22) 02 ]
1 ,y is curve parameter
Pyiy(k,0)=1—Fp ,|———F3' (1—Psy :

d,)(? ) X,H|:1+€Y<k7£) X?I—L( f,)):| 00 5

1
”_, is curve parameter

o
©

Probability of Detection, P Ly
o o ’
» [=2]

(23)
A ——F . [(1—Pf,U)1/<M—1>] (24) »

X35 B

o
©

Pd,U(k, K) =1— (1 _ PﬁU)(]\J—Z)/(]\,j_l)

1
! (1 + EU(kv Z)

Probability of Detection, P U
o
[

(25) 02
where U, s
v (K, 4) Cu(k, O)Ae(k, £) + Cra(k, £)Ae(K, £)
Cra(k, O)As(k, £) (b)
and Fig. 2. Receiver operating characteristic curves for detection of transients at

(a) the beamformer output, and at (b) the reference noise signals,dsiagt

Cil(kv K))\z(k7 £)~|—C,L-3(k7 g))‘t(k» () sensorsy = 32.2).
Cia(k, O)As(k, £)

represent the ratio between the transient and pseudostation:

power at the beamformer output and reference signals, ai Yes No—
F.,~, ,(z) denotes the standard chi-square distribution functiol

with 1, degrees of freedom. Fig. 2 shows the receiver operatin

characteristic (ROC) curves for detection of transients at th Yes

beamformer output and reference signals, with the false-alar : _l

ek, )2 max {

probability as parameter. Four sensors are usedyasdet to Compute
32.2 (this value of: is obtained for a smoothing of the form No Q(k, £)
(11), witho, = 0.9, andb = [0.25 0.5 0.25]). using (15)
Fig. 3 summarizes a block diagram for the detection of de
sired source components at the beamformer output. The dete Compute
tion is carried out in the time-frequency plane for each fram( ¥ (.0 =1 u's/i’n(:Efg) y(k,£)=0

and frequency bin. First, we detect transients at the beamform
output. If there are no simultaneous transients at the reference _ _ _

) . ; ; ] Fig. 3. Block diagram for detection of desired source components at the
noise signals, the transient is presumably a desirable SOULCE < .o output.
component. However, if transients are simultaneously detected

at the beamformer output and at one of the reference S|gnal§é

e keinond ofsgnal presnce s cetermine by the TBRAL *1 2%, ALCordnol e refererce o sgnals ey
The larger the TBRR is, the higher the likelihood that a tran- 9 P

noise components that leak through the sidelobes of the fixed

sient comes from a desired source.
beamformer may proceed to the beamformer primary output. A
mild assumption is made with regard to the beamformer, that a
desired signal component is stronger at the beamformer output

We have described a multichannel signal detection approatttgn at any reference noise signal, and a noise component is
that is particularly advantageous in nonstationary noise enstrongest at one of the reference signals. Consequently, signal
ronments. The beamformer is realistically assumed to have@mponents are detected at the beamformer output based on a
steering error, a blocking matrix that is unable to block all of theeasure of their local nonstationarity, and discriminated from
desired signal components, and a noise canceler that is adaptaasient noise components based on the transient beam-to-ref-
to the pseudostationary noise, but not modified during transierence ratio.

IV. CONCLUSION
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