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RESUME -, Une mesure informatique est proposé pour 1'analyse de
ltefficaclite de localisation de la source sonore par 1'homn;e.}3h
partant de cette mesure on examine 1'influence sur 1'efficacité du
rapport signal/bruit, de la @wée de 1'observation &t de ls largeur de
la bande de l'analyse frequentielle,ainsi que 1'influence Jd'une
source locale de perturbations.

ABSTRACT - Some information measure is suggested for analysis of
sound source localization efficiéency by human. Using thls measure the
influence of signal-noise ratio,observation time and freguency
analysis bandwidth was studied,as well as presence of local source of
interference.

1. INTRODUCTION
The human auditory system (HAS) allows +to analyze acoustic

medlium, to localize and to ldentlfy sound source. Due to the presence
of amblent acoustlc nolse &and of nervous spontaneous activity
(internal noise) the problems to be solved by the HAS are statistical
in nature =and 1its analysis should be fulfilled using signal
procéessing theory approach. As a rule, an accurate calculation of the
efficlency of estimation algorithms simulating the work of the HAS is
impossible. In order itc approximate its calculation the authors have
used recently [1] some modlification of the geéneralized ambiguity
function. One of the basic drawbacks of this estimation
charscteristic statistic lies in the fact that 1t does not allow o
anglyze simaltanecusly the influence on the efficisncy of such
important factors as the signal processing time T, the freguency
analysis band Af and the signsl/noise ratio (SNR). In this paper we
suggest some Information measure (IM) which doés not possess thehbove
meéntioned drawbacks and, moreover, characterize both local and,
global features of the eéestimation statistic. The last property
determines 1ts resclutlion capacity in the space of the parameters to
be estimated.

This IM 1s used for the analysis of localization problem by HAS.
2. INFORMATION MEASURE

The well known informaticon measures like Chernoff's, Bhattacha-
ryyva's and Kullback's measures are widely used in the signal process-
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ing theory for analysis of the estimation efficiency (see,for example
[2]). However their application to the analysls of signal processing
by HAS requlres its generalization. We suggest a new Information mea-
sure (IM),which had already been applied in ([31].

Let the sound pressure field P, ( usually n=TAf ) have the proba-

bility density £(p, /9), where Oef is an unkrnown parameter to be esti-
mated by means of p Iet us construct the estimate 6 of O by an es-
timation statistic V(p 19) as follows: :8 —argmaxe€8V(p :8). We imply
that estimation methods used by human are simllar to this . Exhaus-
tive characteristic of 9 is the probability distribution denslty

£(8/8). However the calculation of f(e/e) is hardly possible. There-
fore dlifferent approximation and appropriate bounds of corresponding
errors are commonly used.

The probability of estimate 9 belng beyond some domain around

Tg (here Tg=argmax, gMgV(p iT) a.nd at n>>1 Mse +=Tg) . including the

true value of unknown parameter 8 as well, determines the resolution
power of statistic V(pn;e).It caen be shown that the upper bound 1s

determined for discrete parametric space 8 by the information measure

P, (T,8)=int . O (T,0;0)
P (T, 8:0)=Mgexp{QIV(p, : T)-V(p, . Tg) 1} (1)

This bound can be made more tight but it requires more complicated -
calculation. Note that if V(pn;9)=ln f(pn/e).i.e. 8 is a maximum 1i-

kelihood estimate, then pv(T,B;a) 1s Chernoff's measure and if more-
over O=1/2 then it becomes Bhattacharyya's measure
Py (T.8)=F (2(p_/8)2(p_/T)) /2al . which 1s widely used in the estima-

tion theory.
The typilcal curve of pv(T;G) for scalar parameter O is

presented in Plg.1 . The width of +the curvg&q vicinlty of the point
Tg 1s attributed to the local feature of Bv,the difference Te—e

approximatly determines the bias of G and the level of pv(T;B)
beyond some domain, say(a,b),determines the V(pn;G) resolving power.

When this level is large the resolution power is low.

The expression for the IM was obtained in 3D case for diffe-
rent models of source signal and environment noise, including aniso-
tropic noise, and for the model HAS, which takes into account the
directivitl pattern of each ear and the interior nolse .The estimati-
on statlistic 1s based on the calculation of some quadratic form for
each frequency filter and subsequent summatlion of 1its outputs over
frequency analysls band.

In the following two examples i1llustrating our approach, we
Investigated for simplicity the case when intermal noise 1is zero-
mean gausslan noise wilth spectral density =(f) and omnidirectional
directivity pattern of each ear The source signal 1s also zero-mean
gausslan noise with spectral density gs(f),fe(f1.£2). The localizati-
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on problem is considered for horizontal plane only.
3. SNR, T and Af Influence on the efficiency.
For the simglest mo%gl of HAS the IM(1) is defined as
2 ps(f) . a
0(T,8)=exp{-TS In{l+ -Z—-meen sin~Mf - (sinT-s1nb)1d4f) 23

1, 142p_(£) c

where ps(f)zgs(f)/g(f) is the out put SNR, 4 is the interaural base

and C is the sound speed . The graphs in Pilg.2 and Flg.3 indicate the
evolution of P(T.6),Te[-T/2;M/2] due to thegbhange ofT and £, in(2)

respectively when correct value of azimuth B=T/4, ps(f)=o.5 and
f1:1OOHz.In the first case T is changed from O to 50 ms at f2=3000 Hz
but 1n the second case fa is changed from 100Hz $i11 2000Hz at=10 ms.

4, Tocalization efficiency in presence 0of interfering local
source of nolse.

The two problems are investigated here:influence of distinction
between signal and noise spectrum densitles;analysis of possible re-
Jection of local nolse source by spatlial processing in the HAS when
these densities colnclde.

For cogveniense of numerical calcg}ationéwe suggested that
gs(f)=Sexp{—Cs(f—fs) } and gl(f)zLexp{—Ol(f—fl) }, wher 8 and L are

intensites of +the signal and noilse sources. The calculation is
fulfilied at £1=100Hz, £2=3000H=z, T=25ms, 35=1.0, fs=1000Hz.
0_=0,=300Hz, B=0 and 81=%/6, where 61 is the azimuthal angle
corresponding to the local nolse source.

In Pig.4 the dependence of pP(T.8) upon I is presented when
gs(f)zgl(f) and L is changed from 2 to O. Fig.5 illusirates the evo-

lution of P(T,8) when difference of g () and g, (f) is increased by
1 from 1OQOHz to 2000Hz. It is seen for fl=ZOOOHz that the

interfering source (L=2) has no influence on the localization effi-
clency for the gilven condition.The dependence of p(T;e) upon L when
rejection of noise source is used and gq(f):gl(f) 1s 1llustrated in

FPig.6 .The value L is changed from 2 to O
5.C0onclusion

The suggested information measure can be used for working out
the models of human auditory system especially in solving the problem
of sound source detection and localization at different acoustic con-
ditions. We should note also that considered examples were concerned
with the investigation of stationary cases by using Fourier transfor-—
mation. However, our approach allows to study also nonstatilonary case
using for example Wigner's or Gabor's itransformation.

change of f

The authors are deeply indebted to Mrs Baranova for creation of
the calculation programs.
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