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Introduction 

Man's hearing process and the directional perception 'Nith its aid are 
decisively binaural. When the symmetry of certain meaning of the signals 
presented at the two ears ceases to exist the perceived sound image is more or 
less laterally displaccd. In the case of a single sound source the chief reason 
of the asymmetry is the fact that the impulse-like signals are not presented at 
the two ears with the same amplitudes, and simultaneously. 

D 

Fig. 1. An approaching determination of the inter aural time differences 

The time difference arises from the differences of the ways covered by the 
sound wave. Further on it will be denoted with b t, and will be named interau­
ral time difference. Assuming that the head is of spherical form (Fig. 1) 
'we can write 

. D ( . I ) at = - 5lUg: T g: , 
:2c 

"where D is the diameter of the head, and c is the yelocity of sound. 'Ve can 
ayeragely write in practical calculations made for the air 

bt = O.:24(siUlp g:) msec. 

The non-identical signal amplitude is the result of the special situation of 
the external ears, and that of the screening effect of the hcad. Let us denote the 
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amplitude of sound pressure in the left- and right-ear PI and Pro respectively. 

The ratio of these is K = E..!..-. The interauralleyel diffcrence can be described 
Pr 

in dB too by the following relationship 

n 201g~ 
v Pr 

We suppose such a process in the mechanism of the directional perception 
'which can give an account of the origin of a single phantom source also in the 
case of t"vo or more sound sources. 

An attempt of this kind is not new. An electronic model has been elabo­
rated e.g. by FR..'\':\'SSE:\, [1] in ,,-hi ch the directional determination is due to the 
state of equilibrium of a bridge connection. He uses in his model two parame­
ters determined in such a way that his calculations, made for the stereophonic 
listening, should give a possibly good coincidence "with the experimental 
results. 

In listening to a natural sound source we always perceive simultaneously 
the time and level differences, so it is evident that our brain uses both data for 
determining the direction. ~rhen we produce artificially only a time difference 
in a tone presented at the two ears, also in that case a determined directional 
sensation would he brought about in our mind. The situation is similar even 
when only a level difference is produced. When time and leyel differences 
simultaneously exist between the two ear" then the sum of the separately 
perceived angles ,,-ill he the actually perceiyed dircetion and we can write 

7 (n, 6t) = r; (0, bt) ~ CJ (n, 0). 

This expresses the principle of the intf'gral-Iocalization ,,-hich is yerified 
in the case of small angles. Based on this principle it is possihle to artificially 
reduce the directional angle of perception produced hy level difference with a 
time difference of opposite "ense, and even perfect direction compensation can 

be hrought about. 
It is remarkahle that a real directional sensation arises using such time 

and intensity combinations which would never occur in natural observations. 
This can be seen as an essential fact to estahlish that the determination of 
direction is mostly a physiological process in 'whieh psychological elements 
(e.g. memory) do not play a considerable role yet. Based on this, we assume that 
the directional detection is produced before the signals from the ears are 
presented in the brain. We mu~t imagine a mechanism making a comparison 
between the signals from the two ears, and based on this action a direction 
determining quantity is produced and transmitted to the hrain. 
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The electrical model 

The basic idea of the model proposed by us for describing the interaction 
is that the comparative system measures the differences hetween the pulses of 
the sound pres,mre coming from the two sides, namely, at a perfectly definite 
moment. The analogous electrical model is shown in the Fig. 2. 
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Fig. 2. Electrical analogue of a direction determining model 

The first stage is an integrator, the second one is a comparatiYe circuit. 

Let us assume that the voltages at the input are proportional to the sound 
pressures in the left- and right ear. Then U Land U R are the voltages propor­
tional to the timeintegral of the amplitudes of the sound pressure. We must 

Vi 
r---------~--~ 

Fig, 3. The envelopes of the input voltages of the electrical model 

assume that Cl is small enough to quickly follow the voltage-peak in timc, and 
the RC~ time-constant is great enough that we can regard the R-C~ term as an 

integrating circuit. This sort of condition for the denominator of the formula 
in thc functioning of the comparatiYe circuit is jus tified by the normalization 

and reasons of symmetry. 
Let us assume that Ui and Ur as the functions of timc are a5 it is s11o'wn 

in Fig. 3. 
If the breakers s'witeh off at T-moment 13\- an exterior control, and 

b t < T then we can 'write 

f(cr) 

When b t > T then of course f( q) 1, and the phantom sourcc ,,-ill be displact>d 
by 90 degrees to the left. f(O) = 0 equation corresponds to the rr = 0° middl .. 
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impression, since III this case, perceiving a real sound source K 
bt = o. 

I, and 

It can directly be seen that an artificial establishment of the perception 
of the middle impression is possible by a registration by which the time dif­
ference is compensated by introducing an additional level ratio of opposite 
sense. This is true if 

(K-1) T bt = o. 

In the case of the compensation of small time differences K = 1-0.11Sn so 
from our previous equation it follo'ws that 

T 
bt 

8.7 
n 

The empirical determination of T is possible since the experiments confirm the 
result that by compensating small time differences b t is proportional to ll. 

Considering the survey data reported by numerous authors 'we can obtain 
T = 2.7 msec as a mean value. 

The related values of K and bt connected with the different er directions 
have been determined by DE BOER [2] in the case of speech sound on the basis 
of Sivian's and "\\Thite's measurements. On the basis of this the f(er) function 
can bc determined (see table in the appendix). 

For small angles (approximately up to 4·0 degrees) f( cp) is linear, therefore 

(K l)T+bt 
----'---'--- = 0.057 Sn 
(K+1)T-bt 

0.185 bt = Cl cp • 

This equation corresponds to the principle of the integrallocalization. 

The adaptation of the model to directional determination 

Further on the model is used for reproductions by two-channel stereo­
phonic systems. To realise this we choose the arrangement experimentally used 
hy DE BOER, for 'whieh calculations have been made by FRA::'iSSEl" too. There are 
two different ways in which the observer may determine the direction of the 
phantom source: 

a) The observer may keep his head still straight forward, and will indicate 
the direction of the phantom source e.g. with his arm. 

b) The observer will turn his head and look in that direction from which 
he hears the sound. 

These two ways are shown in Figs 4a and ith. 
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In a giyen case it is not necessary that the results obtained from the t·wo 
different ohservations should coincidence. Denoting the ratio of the intensities 
in the two ears ·with D, and the time delay of the right-hand loudspeaker to the 
left-hand one with b T then the calculations ·were made for two different 

cases: 
I) D 

II) bT 
OdB 
o 

(time stereo phony) 
(intensity stereophony) 

Let us assume that very steep sound pulses are given out by the two 
loudspeakers. In this case UI and UT achieve their final values in two steps. 
The yoltages have always been normalized by choosing the voltage hrought 
about by the smallest component of the signals arriving at the ears as a unit. 

a) b) 

Fig. 4a. Indication of the direction of the phantom source when head is kept straight forward 
Fig. 4b. Indication of the direction when the head is turned in the direction of the phantom 

source 

The proceeding voltage of a signal coming from the two loudspeakers to 
the ears is determined on the hasis of the principle that the yoltages will be 
integrated, i.e. there is no interference. In this case the resulting voltage is 
just the square root extracted from the square sum of the two partial yoltages. 

Ija Let us consider the change of (r of the direction of a phantom source 
a5 a function of aT when D = 1, in the case of listening shown in Fig. 4a. The 
sound pressure achieves its maximal value in hoth ears in two steps but in the 
right-side representation the order of succession could he of two different kinds 
according to the cases where bT is more or less than bt. 

1. bT < bt. In this case both ears receive the first signal from the 
loudspeaker on its own side. The integrand yoltages are represented on Fig. 5. 
By reason of this 

f(q) = 
1 
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oT 
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Fig. 5. Envelopes of the left-ear (L) and right-ear (R) signal at the electrical model where the 
direction of the sound is indicated when the head is kept straight forward and bT:s: ') t 

2. bT > bt. In this case both ears receiYe the first signal from the left­
hand loudspeaker, and on the hasis of the Fig. 6. 

j 
I I 
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Iu' oT I 
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IUr · VHK2 
I 

Fig. 6. Envelopes of the left-ear (L) and right-ear (R) signal at the electrical model where the 
direction of the sound is indicated when the head is kept straight fonmrd and bT >- bt 

f(9:) 
1 

K 1.56, and bt 0.24 msec when the hasic angle is of 27 degrees. The 
results of the calculation are giycn in Table I. 

Tahle I 

Time differences in mEee between the signals in the two channels, while keeping the head 
straight forward 

bT[ms] 0.1 0.2 0 .. 3 0 .. ) I 1.5 2 :;.5 

f('P) 0.01.3 0.026 0.036 0.050 0.086 0.127 0.175 0.229 

'PH 1.3 2.:5 3 .. S -1..8 n .) 
0._ 12.5 18.0 ~:). :-

lib. According to the Fig. 'Ih the obseryer is turning his head ill the 
direction of the phantom source, so for himf = 0 owing to the perfect compen­
sation. No'w that condition is considered for different bT in the case \,-]1('re 

D=1. 
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='Iow in certain sense the calculation is more complicated because the 
Ecreening factor of the right-hand loudspeaker K, and the interaural time 
difference Ot must be taken at 27" + (r, 'while the screening factor of the left­
hand loudspeaker K' and bt', respectiyely, must be taken at 27 c -r. The 
amplitudes of the signals arriving at the right ear from the left-hand loudspeak­
er and arriying at the left ear from the right-hand loudspeaker will not be 
equal. Their ratio is the function of rr as it can he seen from the following 
relationship 

a Il uml 0 g ---''-'------'-'----'--'---'--'--'-
20 

l1rCx) is that attenuation ·which occurs in the right ear when the loudspeaker is 
displaced by x angle to the left from the central position along a circular line. 

From the measurements of SrnA~ and WHITE [3] 

11. 

3 

In the calculation there are two cases to discriminate. 

1. oT -0.427 sin rr < bt'. In this case the volt ages become as it is shown 
m Fig. 7. 

I 
.~J 
V/+(aK'j" I 

:T=2,7ms 
I 
I 

: I1 K2+a 2 I 
I r I , 

Fig.i. Envelopes of the left-ear (L) and right-ear (R) signal at the selector where the direction 
of the sound is iudicated when the head is turned to the direction of the phantom source, and 

aT -0.427 sin rp :s;: r5 t' 

The condition of the equilibrium is f = O. Using this relation after the 
reduction we can obtain 

(2.7 - Ot 0.427 sintp) VI + (aK')" aK' (Ot 0.427 sin tp) -
- K( at' 0.427 sin tp) (2,7 - Ot') 

aK' - E. 

2. bT-0.427 sin q >- 0 t'. In this case the order of arriyal of the two 
signals will be interchanged at the right ear as shown in Fig. 8. 
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Fig. 8. Envelopes of the left-ear (L) and right-ear (R) signal at the selector where the direction 
of the sound is indicated when the head is turned to the direction of the phantom source, and 

<5T-0.427 sin cp > <5 t' 

In a similar way as in the preceding case after reduction we can get 

a1(' (bt - 0.427 sin 1) -

a( bt' + 0.427 sin r) 
b T = ----'-~';;===:::;:;::~~==::;:::::__--'-~__::_--'-'---­

- a(1(' - I) 

The calculated values of the bT(r) function are given in Table n. 

Table II 

Time differences in msec between the signals in the two channels as a function of the head 
tnrr'led to the left 

1 

0.06 O.I.! 

4 

0.32 

8 

0.84 

12 

1.32 

16 20 2,) 

1. ,·t 2.13 2.78 

Ilia Be 8T 0, and let D change. The envelopes of the sound pressures 
in both ears in the observation according to Fig. 4a are shown in Fig. 9. Based 
on this 

fer) = (D - I) 1(bt (VI + (D1(F - V1(2 + D2) (2.7 - bt) 

(D I) 1(bt + (VI D2) (2.7 - bt) 

I 

10) 
, I V1rDxf ! DK , 
I I I T=2,7ms , , 

'// K 
'1 V/(trd 

I vr 
I I 

I .. 
. . :." 

6/ I 
I 

Fir!:. 9. Envelopes of the left-ear (L) and right-ear (R) signal at the selector 'where the direction 
of vthe sonnd is indicated when the head is turned to the direction of the phantom source 
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K = 1.56, and bt = 0.24msec in the given arrangement, and the results of the 
calculation can be seen in Tahle Ill. 

Tahle III 

Level differences in dB between the signals in the two channels as a function of the deviation 
of the sound image, while keeping the head straight forward 

D[dBJ 1 2 3 4 6 S 10 12 

D 1.12 1.26 1.41 1.58 2 2.:=;2 3.17 3.99 

lis;) 0.026 0.052 0.076 0.100 0.142 0.175 0.203 0.217 

f/O[,] 2.5 5 '"7 ') .. - 9.5 14 18 21 22 

IIjb Let us assume that bT = 0, and D is changing. The envelopes of 
the sound pressures at both ears in the ohservation according to Fig. 4a are 
shown in Fig. 10. The designation are in coincidence with those used on Lb. 

I 
!T=2,7ms 

, , 
;~I 
! V i("+iaD}-, , , 

I 
I 

Fig. 10. Enyelopes of the left-ear (L) and right-ear (R) signal at the selector where the direction 
of the sound is indicated when the head is turned to the direction of the phantom source 

The condition of the equilihrium 

aK' D(bt - 0.427 sin q.:) -+- (2.7 bt) VI (aK'Dr 

=K(bt' 0.427 sin <p) (2.7 - bt' - 0.427 sin 7) rI(~Dr 

:0Iow the q;(D) function can he ohtained by the solution of the equation for D. 
The particular results are given in Tahle IV. 

Tahle IV 

Leyel differences in dB between the signals in the two channels as a function of the head 
tur~ned to the left 

1 

0.26 0.71 

4 

lA 

8 

2.9 

12 

4.5 

16 

G.::! 

::!o 

8.5 H.e 
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For a better perspicuity the cases I/a; llb, and Ilia; Iljb are given in the 
appendix in a diagram. In that diagram there is also given the experimental 
curve of DE BOER. 

In agreement with the experiment the results show that the observations 
';a" and "b" give the same directional detection. This means that the turning 
of the head practically does not make any change in the situation of the phan­

tom source. 
Calculations made for quite general situations are possible in consequence 

of the very great simplicity of the model. It is very important in the technical 

practice. 

Appendix 

IF [oJ Ol[ms J K(lill) n [dBl ",[dBl J(q) 

-- --"-"-~ 

0.01 1.018 0.15 0.1 0.0103 

2 0.02 1.035 0.30 0.2 0.0209 

3 0.03 1.053 0.45 0.3 0.031-1 

4 0.04 1.072 0.60 0.4 0.0422 

;) O.OS 1.090 0.75 0.5 0.052-1 

6 1I.06 1.11 0.90 0.6 0.0633 

7 0.07 1.13 1.05 0-.1 0.0741 

8 0.08 1.15 1.20 0.8 0.0847 

9 0.09 1.17 1.35 0.9 0.0952 

10 0.10 1.19 1.50 1.0 0.105 

12 0.1:: 1.22 1.76 1.175 0.122 

U 0.135 1.26 2.02 1.35 0.140 

16 O.lS 1.30 2.28 1.:',2 0.158 

18 0.165 1.34 2.54· 1.695 0.176 

20 0.13 1.38 2.80 1.87 0.193 
..,-
.;) 0.2:: 1.50 3.55 2.37 0.240 

30 0.26 1.64 4.30 2.87 0.289 

35 0.30 1.79 5.05 3.37 0.336 

40 0.34 1.95 5.8 3.87 0.381 

45 0.37 2.07 6.3 4.20 0.412 

50 0.40 2.19 6.8 4.5-t 0.440 

;);) O.-B 2.24 7.0 4.67 0.454 

60 0,46 .., ..,--.-1 7.1 '1.76 0.46::; 
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Diagram 1. The influence of time differences on the stereofonic perception. 
, measurements made by DE EOER: I/a calculated for head kept straight forward; l(b 

calculated for head turned to the direction of the phantom source 

<to 
27r-----.~ 

24 

16 

8 

5 10 15 D (dB) 

Diagram 2. The influence of level differences on the stereophonic perception. 
- - - - measurements made by DE EOER; Ilia calculated for head kept straight forward; II/b 

calculated for head turned to the direction of the phantom source 

Sunuuarv 

This paper reports on a possible model for the directional perception "'hi eh is able to 
explain the stereophonic effect. The model include" the fundamental assumption that every 
partial measurement of diref'tional determination indicates a pulse difference for a definite 
T-period, 

The curyes of the intensity- and time-stereophony measured by DE EOER are very well 
reproduced by the calculations ha"ed on our model where "'C used for T the value of :2.7 msec. 
in agreement with experience. The calculations show that the perceived situation of the sound 
image is practically inYluiant against the turning of the head. 
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