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Abstract
A model of the neuronal structures

of the auditory systemis worked out to
determne the direction “PO” the 6ource
of the sound signal with steep-sided

front. The directionupon the sound sour-
ce is determned on the basis of a gene-
ralized parameter which is theresult of
two measurements: (1) nnnents of arrtvm
of the signals at each ear; aQP |tu
des of these signals, The result th

precision determnation of the direct |on
upon the sound source.

The model representsafive-level
neuronal structures, eachlevel consis-
ting of the elements of the same kind.
The T ntormations about the direction upon
the source of sound is encoded in the
location of the excited region at the

out put IeveI of the model.
ntroduction

The system determining the direc-
tion upon'the source of sound is able
to detect exactly only W|th the use of
the parameters a4 t,e Ag
where R (the d|stance froht the source?
i s unknown. \here ft is given, the de
mination problem my be Ssol ved W|th the
uze either of At,r (based on the equa-
tion (1) ) or a, *and A, (based on the

x)

) The determinstion of the direction upon
sound source with the belp of two point-
receiversp situated at distance d from
each other comes to golving a set of 2
equations relative to ¥
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where At is the difference between
the moments of signal arrival at the

right and left receiver; V is the velo-
city of sound wave in the enviroment;

A, and Ap are the amplitudes of the sig-
nala at the right and left receivers,
Solvin the equations (1) and (2}, we
have (yut Hrt
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equation (2) ) {1] . Under real condi-
tions, however, the parameter Ris
unknown, so it iS necessary to use the
informationabout the difference of the
monents of arrival of the signals and
about their amplitudes (see {3)

Where the directionis determned
on the hase of the parameter At,e only
and the information about the ampl |tu

t means the case the_-

des i s notused, |
sound source i s locatedat infinity, =
But because of the finite value of' R
in this method ofevaluattn ¥ the
greater error | Scmxed the ‘smaller
s the value of R?

Living orgamsms determtne ' by
us:Lng the parameters ,At,
This conclusionis hased® on the fol I 0-
W|n? IJ | f two signals differingin
amplitude arrive simult aneouslly (via
headphones% at theright and [éeft ear,
he subjective sensation is that the
sourse I's shiftedto the S|de of the
largest signal, 2) Electrophysiological
charactert stics of neurons of the medi al
superior olivary nuclei (taking Part N
soundl ocalization)aresimilarlydepen-
dent on the difference of arrival no
ment s and the difference of signal ampli-
tudes ( [2] , page 77 )

The main stages in the transforms-
tion in the model.

On the strength of what has been
d, it my be concluded that neural
uctures ‘evaluating ¥ calculate |

r the exact value of ¥ (according
ation (3) or asimlar, mrecor-
ormula, taking account of the dif-
i on of sound waves on the head and
| ixes), or its approximation. For
ical case where R»d, ¥ | nafirst
ximatjon (calculatedhby (3) ) is
ol lowing;
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!j_In this case the wavce becomes plane
(AI‘ = AI), SOAt

Sin‘f == (from 3} ).
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W) g e if Red, and ¥ = 20° the

undgrstating of estimation of y;by
4.47 is allowed.



The analysis of bhiological data warrents
the assumption that this kind of estima-
tioniecalculatedinneural structures

| 1 ving organisms with passive sound
urce localization. The evaluationis
en produced in two stages, so that there
e two structure- functional blocks in
e model described bel ow.

At the first stage in the block of
monaur al transtor aclon (from both the
right and [eft side) .the amplitude of
sound impulse (or the impulse front, to
be nore precrse) | ansformed into
an equivalent time delay. This time delay
i s sumred up with the actual noment of
arrival fromthis ve side. Finally,
some resultant nonent (phase) of appear -
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The model structure.

The first level L of the model
rmed by the receptive elements %marn
e internal hair cells of the cohlea
perceive the vibrations ot the ba-
menbr ane. The basrlar menbrane i S
sented roughl a regulated set
equency sensi Ie el ements, the
tia of the latter |ncreases mono-
usly along the axis X (longitudinally
g the membrane).
The considerat |
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beqrnnrng of each chan-
he transmission of
ion about the sound pulses
pness and durationis
odu ed e different channels.
e coordrnate x of the working channel
us gives the concrete input signal.
ach receptor - the element of the
level L, of the model transforms the de-
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tion of the menbrane Into t he nmenbrane
ential. The receptor is connected
a colum of neurons, their thre-
increasing monotonously along V.
colums of neurons in the nodel
up a two-dimensional layer (the |e-
L) with coordinate axes | (alon
nbrane) and Y (the direction o
varyin (%L the threcholds of the
e

ments). level corresponds to
piral % ?Iron ofthe audrtory

tmg Each element of the level Lp

esponds to the input signal with only

ne pulse, i.e. it works discretely.

n response to the pulse sound signal

n excited regron appears at the [evel Lp.

his excited region dilates along the

X ,(a colum with coordjnate X), the

ocity of the dilation depending o

type of signal - the steepness and

am >l itude of the pulse front.

! are the

the
on | aw,

he neurons of the level L
speed detectors, or, mre exactly
detectors of a v elocity v
Each detector th the co

MY ) 0§ trrggered | f |n

at the level Lp) colu
coordinate XL the propo g ati ,
hae a peak about the point where |

increases if yo 'y, and decreases if
Y2 y,. The larger™the coordinate j*

of the point (at the level Lp), where
the propogation velocrty curve reaches
| t s peak, the greater iS the correspon-
drng coordrnate T, of th trrggered
detector at the level L,. The resu
tha the tr ?gerrng of the det or |
channel X at e |evel L3 Wi th the | ar
? coordinate ], determnes the a p |

de of the sound”pul se at the nmonmen
nhenr S steepness | e maxi mal .

The | evel Ls; models the operatron
of the anterjor division of the ventral
cochlear nucleus. The presence of the
detect r of steepness of sound pulse
fronts these nuclei has been establi -
shed in electrophysiological experiments

The fourth level of the model L,

(that correspondrn? to the superior
medial olivary nuclei) consists of the
neurons which "are coincidence elements.
The pulses from the right and left side
ve at the inputs of these neurons
gh the delay [ines - the neuronal

ites. Here the neurons are also
. 8h havrn@
Inate X OFi ente i T
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NN
0

| S
n

S
I n
el

sound amplitude in an addrtrona

takes place with the help of I
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eater the coordinate y/of the neu-
- detec tor at the [evel Ly the
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ght and |eft inputs of

he resultant

th
e
h
y
0-
e

on the
the element
signal arrival

[
0
|
|
e
|

g
[
C
W
d
[
t

moments of



( t., and & ) are formed.The coin-
cidedce elem&m; responds with a probabi-
lity equal to 1, if the difference of

the moments ( Atr =t .=ty ) of

signals arrival from right and left is
less than zero. The probability of res-
ponse of the element decreases monoto-
nously as A t_ increases. Owing to the
difference in fthe duration of the delay
lines on the right and left in elements
with different coordinates y,, the shift
of the above- mentioned cha'#acteristics
occurs by a magnitude proportional to
Y. Finally, the distribution of pro-
babilities of the responses of the neu-
rons - coincidence elements - along
axis Y is equal to 1 if the difference
of the resultant moments is less than
or equal to ¥, (At ss.yq) and decreas-
es monotonously &f Aat. > Yy The co-
ordinate y, of the point where the pro-
bability begins to decrease is equal to
the difference of the resultant moments
At - This y* thus determines the direc-
tion upon the sound source ( ¥*~Y)

The designation of the level L.

(the analog of the inferior colliculus)
iIs to effect the. precision determination
of coordinate yq‘. ¥, is brought out

by statistical processing of the respon-
ses of a large number of elements at the
level L,. This operation is carried out
by neurénal structures with lateral
couplings.

As the final result at the level
L. a local region of excited elements
appears with coordinates x; and 35"
The coordinate x‘ describes the shape
of the signal, and the coordinate
y* - the direction upon the source. At
tﬁis point the determination of the di-
rection is completed.

References
I.InCudckuy d.A., {loaud H.B., LiMenes Ji.A
bropuauxs XY, sun.l,Iu5-I1IU,I973.
2.AnpTMeH fl.A.4OKBMM3ALMA 3BYKA. .,
"Hayra", 1972,

3. Tonndorf J., JASA, v.?4,p.8, 196Gc.

4. Peanonoss k.A. QYHKUMOHGNBHAAR X3POK-
TEPDUCTUKB HEUPOHOB KOXNEdDHWX HAED #
CAYXOB8Ai QYHKUKA. J.,"Hayra",I1971.



