
NEURONAL MECHANISMS OF DETERMINATION THE DIRECTION 
UPON THE SOUND SOURCE 

I. A . L u b i n a k y , N.V.Pozin, L.A.Shmelev 
I n s t i t u t e o f C o n t r o l S c i e n c e s , Acad.Sci.USSR, Moscow 

A b s t r a c t 

A model of the neuronal s t r u c t u r e s 
of the a u d i t o r y system is worked out to 
determine the d i r e c t i o n upon the 6ource 
of the sound s i g n a l w i t h steep-sided 
f r o n t . The d i r e c t i o n upon the sound sour
ce is determined on the b a s i s of a gene
r a l i z e d parameter which i s the r e s u l t o f 
two measurements: ( I ) moments of a r r i v a l 
of the s i g n a l s at each ear; (2) a m p l i t u 
des of these signals.The r e s u l t i6 the 
p r e c i s i o n d e t e r m i n a t i o n o f the d i r e c t i o n 
upon the sound source. 

The model represents a f i v e - l e v e l 
neuronal s t r u c t u r e s , each l e v e l consis
t i n g of the elements of the same k i n d . 
The intormations about the d i r e c t i o n upon 
t h e source of sound is encoded in the 
l o c a t i o n o f the e x c i t e d r e g i o n a t the 
output l e v e l of the model. 

I n t r o d u c t i o n 

The system determining the d i r e c 
t i o n upon the source of sound is able 
to de t e c t e x a c t l y only w i t h the use of 
the parameters , 
where R ( t h e d i s t a n c e from the source) 
i s unknown. Where f t i s given, the d e t e r 
m i n a t i o n problem may be solved w i t h the 
uze e i t h e r of (based on the equa
t i o n ( I ) ) or and (based on t h e 

equation (2) ) . Under r e a l condi
t i o n s , however, the parameter R is 
unknown, s o i t i s necessary t o use the 
i n f o r m a t i o n about the d i f f e r e n c e of the 
moments of a r r i v a l of the s i g n a l s and 
about t h e i r amplitudes (see (3) ). 

Where the d i r e c t i o n is determined 
on the base of the parameter o n l y 
and the i n f o r m a t i o n about the a m p l i t u 
des is notused, it means the case the -
sound source i s l o c a t e d a t i n f i n i t y . 
But because of the f i n i t e value of R 
in t h i s method o f e v a l u a t i n g the 
g r e a t e r e r r o r i s ' t e d the smaller 
is the value of R . 

L i v i n g organisms determine by 
us:Lng the parameters , , , A i . 
This c o n c l u s i o n i s based o n the f o l l o 
wing: I ) I f two s i g n a l s d i f f e r i n g i n 
amplitude a r r i v e s i m u l t a n e o u s l l y ( v i a 
headphones) a t the r i g h t and l e f t ear, 
the s u b j e c t i v e sensation i s t h a t the 
sourse i s s h i f t e d t o the side o f the 
l a r g e s t s i g n a l . 2 ) E l e c t r o p h y s i o l o g i c a l 
c h a r a c t e r i s t i c s of neurons of the medial 
s u p e r i o r o l i v a r y n u c l e i ( t a k i n g p a r t i n 
sound l o c a l i z a t i o n ) are s i m i l a r l y depen
dent on t h e d i f f e r e n c e of a r r i v a l mo
ments and the d i f f e r e n c e of s i g n a l ampli
tudes ( [2] , page ) 

The main stages in the t r a n s f o r m s -
t i o n i n the model. 

On the s t r e n g t h of what has been 
s a i d , i t may b e concluded t h a t n e u r a l 
s t r u c t u r e s e v a l u a t i n g c a l c u l a t e 
e i t h e r the exact value of ( a c c o r d i n g 
to equation (3) or a s i m i l a r , more c o r 
r e c t formula, t a k i n g account o f the d i f 
f r a c t i o n of sound waves on the head and 
the h e l i x e s ) , o r i t s approximation. For 
a t y p i c a l case where i n a f i r s t 
a p proximation ( c a l c u l a t e d by (3) ) is 
the f o l l o w i n g ; 
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The a n a l y s i s of b i o l o g i c a l data warrents 
the assumption t h a t t h i s k i n d o f estima
t i o n i e c a l c u l a t e d i n n e u r a l s t r u c t u r e s 
o f l i v i n g organisms w i t h passive sound 
source l o c a l i z a t i o n . The e v a l u a t i o n i s 
then produced in two stages, so t h a t t h e r e 
are two s t r u c t u r e - f u n c t i o n a l blocks i n 
t h e model described below. 

A t the f i r s t stage i n the block o f 
monaural t r a n s f o r m a c l o n ( f r o m both the 
r i g h t and l e f t side) the amplitude o f 
sound impulse ( o r the impulse f r o n t , t o 
be more p r e c i s e ) is transformed i n t o 
an e q u i v a l e n t time delay. This time delay 
i s summed up w i t h the a c t u a l moment of 
a r r i v a l from t h i s very s i d e . F i n a l l y , 
some r e s u l t a n t moment (phase) o f appear
ance of the standard s i g n a l is formed 
( f r o m each side of model). This r e s u l 
t a n t moment i s determined by two para
meters: I ) the r e a l moment of impulse 
a r r i v a i at the given ear; and 2) the 
amplitude o f s i g n a l coming from t h i s 
s i d e . 

At t h e second stage, in the block 
of b i n a u r a l processing the a c t u a l de
t e r m i n a t i o n of d i r e c t i o n on the sound 
source is produced by c a l c u l a t i n g of t h e 
r e s u l t a n t i n t e r a u r a l delay, i . e . the 
d i f f e r e n c e between the moments when s i g 
n a l s appear from each side of the f i r s t 
b l o c k . What i s important here i s t h a t 
t h e d i f f e r e n c e between the r e s u l t a n t 
moments of appearance of the s i g n a l s 
(determined i n the f i r s t b l o c k ) i s c a l 
c u l a t e d . S o t h e r e s u l t i s the f u n c t i o n 
b oth of the d i f f e r e n c e of phases and the 
d i f f e r e n c e o f amplitudes. 

The model s t r u c t u r e . 
The f i r s t l e v e l Li of the model 

is formed by the r e c e p t i v e elements (main
l y the i n t e r n a l h a i r c e l l s o f the cohlea, 
which perceive the v i b r a t i o n s of t h e ba
s i l a r membrane. The b a s i l a r membrane i s 
represented r o u g h l y as a r e g u l a t e d set 
of frequency s e n s i b l e elements, the 
i n e r t i a of the l a t t e r increases mono
tonously along the a x i s X ( l o n g i t u d i n a l l y 
along the membrane). 

The c o n s i d e r a t i o n of the b a s i l a r 
membrane model [3] shows t h a t the sound 
pulses d i f f e r i n g i n t h e i r stepness and 
d u r a t i o n produce the maximum in the 
d i f f e r e n t p a r t s o f t h e l a t t e r . The grea
t e r the steepness of the pulse and/or 
i t s d u r a t i o n the c l o s e r t o the a p i c a l 
end of the membrane is the r e g i o n of the 
maximum v i b r a t i o n s . On the s t r e n g t h of 
t h i s p r o p e r t y we assume t h a t the membra
ne d i s t r i b u t e s the r e c e i v e d sound s i g n a l 
over a great number of channels ( t h e r e 
ceptor being the beginning of each chan
n e l ) . As a r e s u l t , the t r a n s m i s s i o n of 
the i n f o r m a t i o n about the sound pulses 
d i f f e r i n g i n steepness and d u r a t i o n i s 
produced through the d i f f e r e n t channels. 
The coordinate x of the working channel 
thus gives the concrete i n p u t s i g n a l . 

Each r e c e p t o r - the element of the 
l e v e l L,, of the model transforms the de

v i a t i o n of the membrane I n t o the membrane 
p o t e n t i a l . The r e c e p t o r i s connected 
w i t h a column of neurons, t h e i r t h r e 
sholds i n c r e a s i n g monotonously along Y. 
These columns of neurons in the model 
f i l l up a two-dimensional l a y e r ( t h e l e 
v e l Ln) w i t h coordinate axes I (along 
the m&mbrane) and Y ( t h e d i r e c t i o n o f 
the v a r y i n g of the t h r e c h o l d s of the 
elements). (The l e v e l L 2 corresponds to 
t h e s p i r a l g a n g l i o n o f the a u d i t o r y 
system). Each element of the l e v e l Lp 
responds t o the i n p u t s i g n a l w i t h only 
one p u l s e , i . e . i t works d i s c r e t e l y . 
In response to the pulse sound s i g n a l 
an e x c i t e d r e g i o n appears at the l e v e l Lp. 
This e x c i t e d r e g i o n d i l a t e s along the 
Y-axis ( a column w i t h c o o r d i n a t e x ) , t h e 
v e l o c i t y o f the d i l a t i o n depending o n 
the type of s i g n a l - the steepness and 
the amj>litude of the pulse f r o n t . 

The neurons of the l e v e l L, are the 
speed d e t e c t o r s , or, more e x a c t l y , the 
d e t e c t o r s of a v e l o c i t y v a r i a t i o n law. 
Each d e t e c t o r w i t h the c o o r d i n a t e s 
x fy,) i s t r i g g e r e d i f i n the i n f e r i o r 
a t the l e v e l Lp) column ( w i t h the same 

co o r d i n a t e x ) the p r o p o g a t i o n v e l o c i t y 
hae a peak about the p o i n t where j } ~ y,| 
increases i f y 0 y , and decreases i f 
y 2 y,. The l a r g e r ^ t h e c o o r d i n a t e j ^ 
of the p o i n t ( a t the l e v e l Lp), where 
the propogation v e l o c i t y curve reaches 
i t s peak, the g r e a t e r i s the correspon
d i n g c o o r d i n a t e T 2 o f the t r i g g e r e d 
d e t e c t o r a t the l e v e l L,. The r e s u l t i s 
t h a t the t r i g g e r i n g o f the d e t e c t o r i n 
channel x at the l e v e l L 3 w i t h the l a r 
gest c o o r d i n a t e j 3 determines the a m p l i 
tude of the sound 3pulse at the moment 
when i t s steepness i e maximal. 

The l e v e l L 3 models the o p e r a t i o n 
o f the a n t e r i o r d i v i s i o n o f the v e n t r a l 
cochlear nucleus. The presence of the 
d e t e c t o r s of steepness of sound pulse 
f r o n t s i n these n u c l e i has been e s t a b l i 
shed i n e l e c t r o p h y s i o l o g i c a l experiments 

The f o u r t h l e v e l of the model L„ 
( t h a t corresponding t o the s u p e r i o r 
medial o l i v a r y n u c l e i ) c o n s i s t s o f the 
neurons which are coincidence elements. 
The pulses from the r i g h t and 
a r r i v e a t the i n p u t s o f these 
through the delay l i n e s - the 

l e f t side 
neurons 
neuronal 

d e n d r i t e s . Here the neurons are a l s o 
columns", each having the 
and o r i e n t e d in Y - d i r e c -

L^ the encoding 
i n a n a d d i t i o n a l 

of t h e 
delay 
f o l l o -
.: the 

organized in ' 
c o o r d i n a t e x 
t i o n . 

A t the l e v e l 
sound amplitude 
takes place w i t h the help of the 
wing connection between L, and L, 
g r e a t e r the c o o r d i n a t e y / o f the neu
r o n - d e t e c t o r at the l e v e l L 7 , the 
c l o s e r to coincidence element-^ at L.) 
w i l l t h i s d e t e c t o r s i g n a l b e a t the 
d elay l i n e ( d e n d r i t e ) . Thus, o n the 
r i g h t and l e f t i n p u t s o f the element 
t he " r e s u l t a n t " moments of s i g n a l a r r i v a l 
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and ) a re formed.The c o i n 
c idence element; responds w i t h a p r o b a b i 
l i t y equal t o 1 , i f t he d i f f e r e n c e o f 
t h e moments of 

s i g n a l s a r r i v a l f rom r i g h t and l e f t i s 
l e s s t han z e r o . The p r o b a b i l i t y o f r e s 
ponse of the element decreases monoto
nous l y as i n c r e a s e s . Owing to the 
d i f f e r e n c e i n t he d u r a t i o n o f the de lay 
l i n e s o n the r i g h t and l e f t i n elements 
w i t h d i f f e r e n t coo rd ina tes , the s h i f t 
o f t he above- ment ioned c h a r a c t e r i s t i c s 
occurs by a magnitude p r o p o r t i o n a l to 

. F i n a l l y , the d i s t r i b u t i o n o f p r o 
b a b i l i t i e s o f the responses o f the neu
rons - co inc idence elements - a long 
a x i s Y i s equal to 1 i f the d i f f e r e n c e 
o f the r e s u l t a n t moments i s l e s s than 
or equal to and decreas
es monotonously . The c o 
o r d i n a t e y 4 o f the p o i n t where t he p r o 
b a b i l i t y beg ins t o decrease i s equal t o 
the d i f f e r e n c e o f the r e s u l t a n t moments 

At - Th is y* thus determines the d i r e c 
t i o n upon the sound source 

The d e s i g n a t i o n o f t h e l e v e l 

( t h e ana log o f the i n f e r i o r c o l l i c u l u s ) 
i s t o e f f e c t the. p r e c i s i o n d e t e r m i n a t i o n 
o f coo rd i na te i s b rought out 

by s t a t i s t i c a l p rocess ing o f the respon 
ses of a l a r g e number of elements at the 
l e v e l . Th is o p e r a t i o n i s c a r r i e d out 
b y neurona l s t r u c t u r e s w i t h l a t e r a l 
c o u p l i n g s . 

A s the f i n a l r e s u l t a t t he l e v e l 
a l o c a l r e g i o n o f e x c i t e d e lements 

appears w i t h coo rd i na tes and 

The coo rd i na te desc r i bes the shape 
o f the s i g n a l , and the c o o r d i n a t e 

the d i r e c t i o n upon the sou rce . A t 
p o i n t the d e t e r m i n a t i o n o f the d i 

r e c t i o n i s comp le ted . 
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