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Description
FIELD OF THE INVENTION

The present invention relates to an audio signal bin-
aural reproducing apparatus for reproducing audio sig-
nals by means of headphones.

BACKGROUND OF THE INVENTION

Abinaural reproducing method has heretofore been
known as an approach for providing better direction sen-
sation of sound image or outside head localization sen-
sation when audio signals are reproduced by head-
phones fitted to the head of a listener so that a pair of
headphones are located in the vicinity of both ears.

An audio reproducing system adopting this binaural
system preliminarily applies a given signal processing
to the audio signals reproduced by headphones as is
described in, for example, specification of Japanese
Patent Publication Sho 53-283.

The direction sensation of sound image and outside
head localization sensation and the like depend upon
the differences in volumes, times and phases of sounds
listened by left and right ears.

The signal processing aims at causing in an audio
output reproduced by the headphones, audio effects
equivalent to those caused by the difference in distanc-
es between sound sources, that is, speaker systems
and right and left ears of a listener and reflections and
diffractions in the vicinity of the head of the listener when
audio reproducing is performed, for example, by speak-
er systems remote from the listener. Such a signal
processing is performed by convolution-integrating left
and right ear audio signals with impulse responses cor-
responding to the above-mentioned audio effects.

Since the absolute position of the sound image is
cot changed even if the listener moves or turns his or
her head when audio reproducing is performed by
speaker systems remote from the listener, the relative
direction and position of the sound image that the listen-
er senses are changed. In contrast to this, since the
headphones is turned together with the listeners head
if the listener turns his or her head when audio repro-
ducing is performed by a binaural method using head-
phones, the relative direction and position of the sound
image which the listener senses are not changed.

If binaural reproducing is performed by using head-
phones in such a manner, a sound image is created in
the head of a listener due to differences in displacement
of the sound image relative to a change in direction of
the listener's head. Therefore, it is difficult to locate the
sound image in front of the listener. Furthermore, the
front sound image has a tendency to lift up.

Accordingly, an audio signal reproducing system
which detects a change in the direction of the listener's
head and changes the modes of the signal processing
based upon a result of the detection for providing a good
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front localization sensation in headphones has hereto-
fore been proposed as is disclosed in Japanese Unex-
amined Patent Publication No. Sho 42-227 and Japa-
nese Examined Patent Publication No. 54-19242. In
such an audio signal reproducing system, a direction de-
tecting device such as gyrocompass and magnetic nee-
dle is provided on the head of the listener. A level ad-
justing circuit and a delay circuit and the like for process-
ing the audio signals are controlled based upon a result
of detection from the direction detecting device so that
a sound image sensation which is similar to that of the
audio reproducing using speaker systems remote from
the listener is obtained.

In the prior art binaural reproducing system in which
headphones are provided with a direction detecting de-
vice comprising a gyrocompass, an excellent sound im-
age can be obtained by controlling the content of the
signal processing which is applied to the audio signals
depending upon changes in direction of the listener's
head. JP-A-1121 000 discloses on audio signal repro-
ducing apparatus according to the preamble of Claim 1.
A similar arrangement is disclosed in JP-A-58 116 900.

In order to control the content of the signal process-
ing applied to the audio signals depending upon a
change in direction of the listener's head, it is necessary
to preliminarily measure the impulse responses, that is,
transfer characteristics corresponding to audio effects
given to audio signals of left and right ears for each pre-
determined rotational angle and to store a great amount
of information on the transfer characteristics. The infor-
mation is read from the storing means depending upon
the change in direction of the head. The audio signal will
be subjected to a necessary convolution-integration
processing in real-time.

The present invention was made with a view to
overcome such drawbacks.

It is an object of the present invention to provide an
audio signal reproducing apparatus having a simple
structure using storing means having a low storing ca-
pacity which is capable of performing a binaural repro-
duction for providing a very natural localization of a
sound image in which the positions of virtual sound
sources are not changed by headphones even if a lis-
tener moves by reducing the amount of information on
transfer characteristics from virtual sound sources nec-
essary for binaural reproduction of audio signals with the
headphones to both ears of the listener.

An audio signal reproducing apparatus of the
present invention comprises means for detecting the ro-
tational angular position of the head of a listener corre-
sponding to the movement of the head of the listener
relative to virtual sound sources;

means for storing transfer characteristics informa-
tion representative of transfer characteristics of di-
rect sounds from virtual sound sources to each ear
of the listener for predetermined rotational angular
positions; and
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audio signal processing means for forming, based
upon the transfer characteristics information stored
in said storing means, transfer characteristic infor-
mation appropriate to the rotational angular position
of the head and for processing left and right channel
audio signals using said transfer characteristic in-
formation, whereby audio signals which have been
processed by said audio signal processing means
are reproduced as sounds by headphone means;
characterised in that:

said means for storing stores transfer characteris-
tics information of predetermined angular positions
in a quadrant and said audio signal processing
means derives information for the other quadrants
from the stored information.

The present invention will be further described
hereinafter with reference to the following description of
exemplary embodiments and the accompanying fig-
ures, in which:

Fig. 1 is a block diagram schematically showing the
structure of an audio signal reproducing apparatus
of the present invention;

Fig. 2 is a time chart schematically showing signals
supplied to a operation unit of the audio signal re-
producing apparatus;

Fig. 3 is a schematic diagram illustrating the dis-
tance and the angle calculated by the operation unit
of the audio signal reproducing apparatus;

Fig. 4 is a view for explaining the information on the
transfer characteristics stored in a storing circuit of
the operation unit in the audio signal reproducing
apparatus;

Fig. 5 is a plan view showing the relative positional
relation between virtual sound sources and a listen-
er for explaining the operation of binaural reproduc-
ing performed by the audio signal reproducing ap-
paratus; and

Fig. 6 is a block diagram schematically showing the
other structure of the audio signal reproducing ap-
paratus of the present invention.

BEST MODE FOR EMBODYING THE INVENTION

The audio signal reproducing apparatus of the
present invention comprises a headphone set 10 which
is fitted over the head M of a listener P and a pair of
headphones 2L and 2R are supported by a head band
1 so that they are located in the vicinity of left and right
ears of the listener P, respectively as shown in Fig. 1.

Two sliders 4L and 4R from which support arms 3L
and 3R, respectively project are slidably mounted on the
head band 1 of the headphone set 10. A pair of signal
detectors 5L and 5R which detect a position detection
reference signal emitted from a reference signal source
11 are provided at the tip ends of the support arms 3L
and 3R, respectively. That is, the pair of signal detectors
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5L and 5R are provided on the tip ends of the support
arms 3L and 3R projectedly formed on the sliders 4L
and 4R which are slidably mounted on the head band 1
so that they are supported in positions remote from the
head band 1 and the pair of headphones 2L and 2R,
that is the main body of the headphone set.

In the present embodiment, the reference signal
source 11 comprises an ultrasonic signal source 12 and
an ultrasonic speaker 13 for generating an ultrasonic
signal from the ultrasonic signal source 12 as a refer-
ence signal. Each of the pair of signal detectors 5L and
5R which receive the reference signal comprises an ul-
trasonic microphone.

An ultrasonic wave generated from the ultrasonic
speaker 13, that is, the position detection reference sig-
nal is a burst wave in which an ultrasonic wave having
a given level is intermittently generated for a given pe-
riod of time as shown at A in Fig. 2, or an ultrasonic
wave, the phase of which may be detected like a so-
called level modulated wave, the level of which changes
in a given circle.

The pair of signal detectors 5L and 5R provided on
the headphone set 10 detects the ultrasonic position de-
tection reference signal generated from the ultrasonic
speaker 13 and generate respective detection signals
shown at B and C in Fig. 2, each having a time lag de-
pending upon the relative positional relation between
the listener P and the ultrasonic speaker 13.

Since the pair of signal detectors 5L and 5R are sup-
ported by the support arm 3L and 3R in positions remote
from the main body of the headphone set 10 while they
are mounted on the tip ends of the support arms 3L and
3R in positions remote from the main body of the head-
phone set 10 while they are mounted on the tip ends of
the support arms 3L and 3R which project from the slid-
ers 4L and 4R, respectively slidably mounted on the
head band 1 and, the head band 1 and the pair of head-
phone 2L and 2R, that is, the main body of the head-
phone set is fitted on the head M of the listener P, they
can detect the ultrasonic wave generated from the ul-
trasonic speaker 13, that is, the position detection ref-
erence signal stably and accurately without being locat-
ed behind the head P of the listener P even if the listener
P moves or rotates his head P. The pair of the signal
detectors 5L and 5R can be adjusted to a position opti-
mal for detecting the detection reference signal by slid-
ing the sliders 4L and 4R along the head band 1. For
example, the optimal positions of the headphones 2L
and 2R which are fitted on the head M of the listener P
by the head band 1 so that they correspondto the vicinity
of the left and right ears depend on the shape and size
of the head M of the listener P, that is, have the differ-
ences among individuals. Accordingly, the positions of
the pair of signal detectors 5L and 5R can be adjusted
so that they correspond to the headphones 2L and 2R,
respectively.

Each detection signal obtained by these signal de-
tectors 5L and 5R is applied to an operation unit 14.
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The operation unit 14 comprises first and second
edge detecting circuits 15 and 16, to which the detection
signal from the signal detectors 5L and 5R for detecting
the position detection reference signal are supplied, re-
spectively and a third edge detecting circuit 17 to which
an ultrasonic signal from the ultrasonic signal sources
12, that is, the position detection reference signal is ap-
plied.

The first and second edge detecting circuits 15 and
16 detect rise-up edges of the detection signals gener-
ated from the signal detectors 5L and 5R, respectively
and output pulse signals shown at D and E of Fig. 2 cor-
respondingto the rise-up edges pulse signals generated
by the first and second edge detecting circuits 15 and
16 are supplied to a distance calculating circuit 18 and
a circuit 19 for detecting the time difference between
both ears. The third edge detecting circuit 17 detects the
rise-up edge of the ultrasonic signal from the ultrasonic
signal source 12 and outputs a pulse signal correspond-
ing to the rise-up edge as shown at F in Fig. 2. A pulse
signal obtained by the third edge detection circuit 17 is
supplied to the distance calculating circuit 18.

The distance calculating circuit 18 detects the time
difference t; between pulse signals obtained by the third
and first edge detecting circuits 17 and 15 which is rep-
resented as AT, in Fig. 2 and the time difference t, be-
tween pulse signals obtained by the third and second
edge detecting circuits 17 and 16 which is represented
as AT, in Fig. 2 and then calculates the distance £, be-
tween the ultrasonic speaker 13 and the center of the
head M of the listener P represented as €, in Fig. 3
based upon the time differences t4, t, and the sound ve-
locity V.

The sound velocity V may be preliminarily preset as
a constant in the distance calculating circuit 18 or alter-
natively may be changed with changes in atmospheric
temperature, humidity and atmospheric pressure and
the like. On calculating the distance €, compensation
may be conducted for the positional relation between
the signal detector 5L and 5R and the center of the head
M, the shape and size of the hand M.

Signals representative of the distance €, time dif-
ferences t; and t, are fed to an angle calculating circuit
20.

The circuit 19 for detecting the time difference be-
tween both ears detects the time difference t; between
the pulse signals generated by the first and second edge
detecting circuits 15 and 16, represented as A, in Fig.
2. A signal representative of the time difference t5 is fed
to the angle calculating circuit 20.

The angle calculating circuit 20 calculates an angle
representative of the direction of the head M represent-
ed by an arrow 6 in Fig. 3 by using the time differences
1y, 15, 13, the distance 6, the sound velocity V and the
radius r of the head M. The angle 6, can be determined,
for example, by the equation 1 as follows:
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0=sin” (V2 (t, +,)t,/4r€) (1)

Then, the rotation angle 6 of the head M relative to a
desired position of a virtual sound source is calculated
from information on the angle 6, and the distance €, rep-
resentative of the relative positional relationship be-
tween a reference position and the listener P by assum-
ing that the position of the ultrasonic speaker 13 be the
reference position of the virtual sound source.

Information on the rotation angle of the head of the
listener obtained by the angle calculating circuit 20 is
provided to a control circuit 21.

In the audio signal reproducing apparatus of this
embodiment, the operation unit 14 includes a storing cir-
cuit 22 which stores information on transfer character-
istics from the virtual sound source to both ears of the
listener in at least the first quadrant of the rotational an-
gular position of the head of the listener, for example,
information on the transfer characteristics for each an-
gle 644 to 84, in the first quadrant.

Based upon the current angle position calculated
by the angle calculating circuit 20, the control circuit 21
reads the information on the transfer characteristics cor-
responding to the current angles 6, to 6,, positions
from the storing circuit 22 if the current angle position is
in the first quadrant in Fig. 4 and reads the transfer char-
acteristics information in which the current angles 6,4 to
65, corresponds to the angles 644 to 6, in the first quad-
rant from the storing circuit 22 if the current angle posi-
tion is in the second quadrant in Fig. 4 and read the
transfer characteristics information in which the current
angles 644 10 65, corresponds to the angles 6,4 to 64, in
the first quadrant from the storing circuit 22 if the current
angle position is in the third quadrant in Fig. 4 and read
the transfer characteristics information in which the cur-
rent angles 644 to 8,, correspond to the angles 8,4 to
6., in the first quadrant from the storing circuit 22 if the
current angle position is in the fourth quadrant in Fig. 4
and supplies the read transfer characteristics informa-
tion to an audio signal processing circuit 23 together with
a signal representative of the quadrant in which the cur-
rent angular position is located.

Since the head of the listener is substantially spher-
ical and rotary symmetric, the transfer characteristics
from the virtual sound sources to both ears of the listener
can be treated as symmetrical in each quadrant.

Alternatively, in the control circuit 21, two transfer
characteristics in the vicinity of the rotational angular po-
sition of the head represented by the angular position
information may be read form the storing circuit 22 and
the information on the transfer characteristics in the cur-
rent head rotational angular position may be operated
by, for example, linear interpolation processing, as de-
scribed leter with reference to Fig. 6.

Left and right channel audio signals S and Sg
which are outputted from the audio signal source 22 are
supplied to the audio signal processing circuit 23.
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The audio signal source 24 is an apparatus for out-
putting given left and right channel audio signals S__and
SR, such as recording disc playback apparatus or radio
communication receivers and the like.

The audio signal processing circuit 23 performs a
signal processing which provides the left and right chan-
nel audio signals S| and Sy fed from the audio signal
source 24 with a given transfer characteristics form the
virtual sound source to the both ears of the listener. The
audio signal processing circuit 23 comprises first to sixth
switches 25L, 25R, 26L, 26R, 27L and, 27R for switch-
ing the signal lines and first to fourth signal processing
units 28a, 28b, 28¢ and 28d.

The first to sixth switches 25L, 25R, 26L, 26R, 27L
and 27R are controlled for switching in response to a
control signal from the control circuit 21 representative
of the quadrant to which the current angular position be-
longs.

The first and second switches 25L and 25R perform
switching of inputs of left and right channel audio signals
S| and Sk fed from the audio signal source 24 and sup-
ply the right channel audio signal Sg to the first and sec-
ond signal processing units 28a and 28b and supply the
left channel audio signal § to the third and fourth signal
processing units 28¢c and 28d when the current angular
position is in the first or third quadrant and supply the
left channel audio signal S|_to the first and second signal
processing unit 28a and 28b and supply the right chan-
nelaudio signal Sy to the third and fourth signal process-
ing units 28¢c and 28d when the current angular position
is in the second or fourth quadrant.

The third and fourth switches 26L and 26R perform
switching of the output of the left and right channel audio
signals E, and EpR outputted from the audio signal
processing circuit 23 and select as a right channel audio
signal Eg the output signal of the first adder 29R for add-
ing the output signals of the first and third signal
processing unit 28a and 28c¢ and select as a left channel
audio signal E| the output signal of the second adder
29, for adding the output signals of the second and
fourth signal processing units 28b and 28d when the cur-
rent angular position is in the first or third quadrant and
select as a right channel audio signal Eg the output sig-
nal of the first adder 29L and select as a left channel
audio signal E| the output signal of the second adder
29L when the current angular position is in the second
or the fourth quadrant.

The third and fourth switches 26, and 265 perform
switching of filters for the left and right channel audio
signals E, and EpR outputted from the audio signal
processing circuit 23 and output the left and right audio
signals E_and Eg unswitched when the current angular
position is in the second or fourth quadrant and output
the audio signals E|_and Eg from which high frequency
components have been removed by low pass filters 30L
and 30R when the current angular position is in the sec-
ond or fourth quadrant.

In each of signal processing units 28a, 28b, 28¢c and
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28d, an impulse response representative of the transfer
characteristics of the left and right channel audio signals
S| and Sg reproduced from a pair of left and right chan-
nel speakers which are virtual sound sources facing to
a listenerto each ear of the listener is preset based upon
information on transfer characteristics supplied from the
control circuit 21.

In other words, the first signal processing unit 28a
presets the impulse response {hgg(t, 0)} representative
of transfer characteristics of the sound reproduced from
the right channel audio signal Sy to the right ear. The
second signal processing unit 28b presets the impulse
response {hg (i, 0)} representative of the transfer char-
acteristics of the sound reproduced from the right chan-
nel audio signal Sy to the left ear. The third signal
processing unit 28c presets the impulse response {h g
(t, 8)} representative of transfer characteristics of the
sound reproduced form the left channel audio signal S
to the right ear. The fourth signal processing unit 28d
presents the impulse response {h | (t, )} representative
of the transfer characteristics of the sound reproduced
from the left channel audio signal S to the left ear.

When the current angular position of the head of the
listener is in the first quadrant, the right channel audio
signal Sy is fed the first and second signal processing
units 28a and 28b. In the first signal processing unit 28a,
the right channel audio signal Sg is subjected to a signal
processing of convolution-integration of the impulse re-
sponse {hgg(t, 8)}. In the second signal processing unit
28b, the right channel audio signal Sy, is subjected to a
signal processing of convolution-integration of the im-
pulse response {hg(t, 6)}.

The left channel audio signal S|_is fed to the third
and fourth signal processing units 28¢ and 28d. In the
third signal processing unit 28c, the left channel audio
signal S|_is subjected to a signal processing of convo-
lution-integration of the impulse response {h g(t, 6)}. In
the second signal processing unit 28d, the left channel
audio signal S is subjected to a signal processing of
convolution-integration of the impulse response {h|(t,
0)}.

The output signals from the first and third signal
processing units 28a and 28c are applied to the right
channeladder 29R and are added with each other there-
in. The output signal of the right channel adder 28R is
fed as the right channel studio signal Eg via the right
channel amplifier 31R to the right channel headphone
2R and reproduced as a sound. The output signals from
the second and fourth signal processing units 28b and
28d are applied to the left channel adder 29L and are
added with each other therein. The output signal of the
left channel adder 29 is fed as the left channel audio
signal E| via the left channel amplifier 31L to the left
channel headphone 2L and reproduced as a sound.

When the current angular position of the head of the
listeneris inthe second quadrant, the left and right chan-
nels of inputs and outputs are replaced with each other
and a processing which is similar to that of the foregoing
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first quadrant is performed. Accordingly, a front locali-
zation sensation is provided. When the current angular
position of the head of the listener is in the third and
fourth quadrants a processing which is similar to those
of the first and second quadrants is performed. Audio
signals E| and Eg from which high frequency compo-
nents have been removed from the low pass filters 30L
and 30R are outputted. Accordingly, rear localization
sensation can be provided.

In the audio signal reproducing apparatus of the
thus formed embodiment, information on the transfer
characteristics in the rotational angular positions corre-
sponding to the movement of the head of the listener
calculated by the angle calculating circuit 20 is formed
based upon the information upon the transfer charac-
teristics of the first quadrant stored in the storing circuit
22. By performing a signal processing of the left and
right channel audio signals S and Sy which responds
to changes in transfer characteristics in association with
the movement of the listener P and the rotation of the
head M in real time in the audio signal processing circuit
23 based upon the transfer characteristics data, good
outside head localization sensation and front localiza-
tion sensation are obtained in which the virtual sound
sources are not moved as similarily to the case in which
an audio signal is reproduced by a pair of speaker sys-
tems S_ and Sy which faces to the listener P and are
remote therefrom and with each other as is shown in
Figs. 5A, 5B and 5C in which relative positional relations
between the virtual sound sources and the listener P are
illustrated.

Fig. 5B shows that the listener P has approached
to a pair of speaker systems S and Sg, that is, virtual
sound sources from a position of Fig. 5A. Fig. 4C shows
that the listener P rotates his head M toward the right
speaker device Sg. By performing a signal processing
which can respond in real time to changes in transfer
characteristics in association with the movement of the
listener and the rotation of the head M as mentioned
above in the audio signal reproduction apparatus of the
present embodiment, good head outside and front lo-
calization sensation in which no virtual sound source is
moved can be obtained so that a binaural reproduction
which can respond to any conditions of Figs. 5A, 5B and
5C can be performed.

Since it suffices for the audio signal reproducing ap-
paratus of the present invention to store in storing
means transfer characteristics information representa-
tive of the transfer characteristics from virtual sound
sources to a listener of the first quadrant of the rotational
angular position of the head of the listener, the amount
of the information of the transfer characteristics to be
stored in the storing means is small and the storing
means having a low storing capacity can be used. The
audio signal processing means forms the transfer char-
acteristics information in the rotational angular position
represented by a detection output from detecting means
for detecting the rotational angular position depending
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upon the movement of the head of the listener in accord-
ance with the transfer characteristics information of at
least the first quadrant stored in the storing means and
processes the left and right channel audio signals for
supplying the processed audio signals to the head-
phone set. Accordingly, a proper binaural reproduction
can be performed for providing a very natural sound im-
age localization sensation in which the positions of the
virtual sound sources are not moved even if the listener
moves.

A second embodiment of an audio signal reproduc-
ing apparatus of the present invention will now be de-
scribed in detail with reference to the drawings.

The audio signal reproducing apparatus of the
present invention shown in Fig. 6 comprises a head-
phone set 40 which is fitted over the head M of a listener
P and a pair of headphones 42L and 42R are supported
by a head band 41 so that they are located in the vicinity
of left and right ears of the listener P, as is similar to the
embodiment shown in Fig. 1.

Two sliders 44L and 44R from which support arms
43L and 43R, respectively project are slidably mounted
on the head 1 of the headphone set 40. A pair of signal
detectors 45L and 45R which detect a position detection
reference signal emitted from a reference signal source
51 are provided at the tip ends of the support arms 431
and 43R, respectively. That is, the pair of signal detec-
tors 451 and 45R are provided on the tip ends of the
support arms 43L and 43R projectedly formed on the
sliders 44L and 44R which are slidably mounted on the
head band 51 so that they are supported in positions
remote from the head band 51 and the pair of head-
phones 421 and 42R, that is the main body of the head-
phone set.

Also in this present embodiment, the reference sig-
nal source 51 comprises an ultrasonic signal source 52
and an ultrasonic speaker 53 for generating an ultrason-
ic signal from the ultrasonic signal source 52 as a refer-
ence signal. Each of the pair of signal detectors 45L and
45R which receives the reference signal comprises an
ultrasonic microphone.

An ultrasonic wave generated from the ultrasonic
speaker 53, that is, the position detection reference sig-
nal is a burst wave in which an ultrasonic wave having
a given level is intermittently generated for a given pe-
riod of time as is similar to the first embodiment, or an
ultrasonic wave, the phase of which may be detected
like a so-called level modulated wave, the level of which
changes in a given circle.

The pair of signal detectors 45L and 45R provided
on the headphone set 40 detects the ultrasonic position
detection reference signal generated from the ultrasonic
speaker 53 and generate respective detection signals,
each having a time lag depending upon the relative po-
sitional relation between the listener P and the ultrasonic
speaker 53.

Each detection signal obtained by these signal de-
tectors 451 and 45R is applied to an operation unit 54.
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The operation unit 54 comprises first and second
edge detecting circuit 55 and 56, to which the detection
signal from the signal detectors 451 and 45R for detect-
ing the position detection reference signal are supplied,
respectively and a third edge detecting circuit 57 to
which an ultrasonic signal from the ultrasonic signal
source 52, that is, the position detection reference signal
is applied.

The first and second edge detecting circuits 55 and
56 detect rise-up edges of the detection signals gener-
ated fromthe signal detectors 45L and 45R, respectively
and output pulse signals corresponding to the rise-up
edges pulse signals generated by the first and second
edge detecting circuits 55 and 56 are supplied to a dis-
tance calculating circuit 58 and a circuit 59 for detecting
the time difference between both ears. The third edge
detecting circuit 57 detects the rise-up edge of the ultra-
sonic signal from the ultrasonic signal source 52 and
outputs a pulse signal corresponding to the rise-up
edge. A pulse signal obtained by the third edge detec-
tion circuit 57 is supplied to the distance calculating cir-
cuit 58.

The distance calculating circuit 58 detects the time
difference t; between pulse signals obtained by the third
and first edge detecting circuits 57 and 55 and the time
difference 1, between pulse signals obtained by the third
and second edge detecting circuits 57 and 56 and then
calculates the distance £, between the ultrasonic speak-
er 53 and the center of the head M of the listener based
upon the time differences t,, t; and the sound velocity V.

Signals representative of the distance £, time dif-
ferences t; and t, are fed to an angle calculating circuit
60.

The circuit 59 for detecting the time difference be-
tween both ears detects the time difference t5 between
the pulse signals generated by the first and second edge
detecting circuits 55 and 56. A signal representative of
the time difference t; is fed to the angle calculating cir-
cuit 60.

The angle calculating circuit 60 calculates an angle
6, representative of the direction of the head M by using
the time differences 14, t,, 15, the distance 8y, the sound
velocity V and the radius r of the head M similarly to the
angle calculating circuit 20 in the first embodiment.

Information on the rotation angular position head of
the listener obtained by the angle calculating circuit 60
is provided to an interpolation operation and processing
circuit 61.

In the audio signal reproducing apparatus of the
present embodiment, the operation unit 54 includes a
storing circuit 62 in which transfer characteristics infor-
mation representative of the transfer characteristics
from the virtual sound sources to both ears of the listener
for each predetermined angle, which is larger than that
of the angular positional information of the listener cal-
culated by the angle calculating circuit 60.

The interpolation operation and processing circuit
61 reads the information on two transfer characteristics
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in the vicinity of the rotational angular position of the
head represented the current angular positional infor-
mation calculated by the angle calculating circuit 60 and
operates the transfer characteristics in the current rota-
tional angular position of the head by, for example, a
linear interpolation processing.

The interpolation operation and processing circuit
61 may reads the information on more than two transfer
characteristics in the vicinity of the current rotational an-
gular position of the head represented by the angular
positional information for performing secondary interpo-
lation processing other than the linear interpolation
processing.

The information on the transfer characteristics in
the current rotational angular position obtained by the
interpolation operation and processing circuit 61 is sup-
plied to an audio signal processing circuit 63.

The audio signal processing circuit 63 is also sup-
plied with left and right channel audio signals S and Sg
outputted from an audio signal source 64.

The audio signal source 64 is a device for outputting
predetermined left and right channel audio signals S_
and Sg and may includes, for example, various record-
ing disc playback devices, recording the playback de-
vice of wireless receivers and the like.

The audio signal processing circuit 63 performs a
signal processing which provides the left and right chan-
nel audio signals S and Sg fed from the audio signal
source 64 with a given transfer characteristics from the
virtual sound source to the both ears of the listener. The
audio signal processing circuit 63 comprises first
through fourth signal processing units 65a, 65b, 65¢ and
65d to which the transfer characteristics information in
the current rotational angular positional of the head ob-
tained by the interpolation operation and processing cir-
cuit 61. In each of signal processing units 65a, 65b, 65¢
and 65d, an impulse response representative of the
transfer characteristics of the left and right channel au-
dio signals S|_and Sg reproduced from a pair of left and
right channel speakers which are virtual sound sources
facing to a listener to each ear of the listener is preset
based upon information on transfer characteristics.

In other words, the first signal processing unit 65a
presents the impulse response {hgg(t, 6)} representa-
tive of the transfer characteristics of the sound repro-
duced form the right channel audio signal Sg to the right
ear. The second signal processing unit 65b presets the
impulse response {hg, (1, 8)} representative of the trans-
fer characteristics of the sound reproduced from the
right channel audio signal Sy to the left ear. The third
signal processing unit 65¢ presets the impulse response
{h g(t, 0)} representative of the transfer characteristics
of the sound reproduced from the left channel audio sig-
nal S to the right ear. The fourth signal processing unit
65d presets the impulse response {h | (t, 8)} represent-
ative of the transfer characteristics of the sound repro-
duced from the left channel audio signal S to the left
ear. In the audio signal processing circuit 63, the right
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channelaudio signal S| is fed the first and second signal
processing units 65a and 65n. In the first signal process-
ing unit 65a, the right channel audio signal S_is subject-
ed to a signal processing of convolution-integration of
the impulse response {hgg(t, 8)}. In the second signal
processing unit 65b, the right channel audio signal Sg
is subjected to a signal processing of convolution-inte-
gration of the impulse response {hg (t, 6)}.

The left channel audio signal S| is fed to the third
and fourth signal processing units 65¢ and 65d. In the
third signal processing unit 65¢, the left channel audio
signal S|_is subjected to a signal processing of convo-
lution-integration of the impulse response {h g(t, 6)}. In
the second signal processing unit 65d, the left channel
audio signal S is subjected to a signal processing of con-
volution-integration of the impulse response {hLL(t, 0)}.

The output signals from the first and third signal
processing units 65a and 65c¢ are applied to the right
channel adder 66R and are added with each other there-
in. The output signal of the right channel adder 66R is
fed as the right channel audio signal Eg via the right
channel amplifier 68R to the right channel headphone
4R of the headphones 40 and reproduced as a sound.
The output signals from the second and fourth signal
processing units 64b and 64a are applied to the left
channel adder 66L and are added with each other there-
in. The output signal of the right channel adder 66L is
fed as the left channel audio signal Eg via the left chan-
nel amplifier 68L to the left channel headphone 42L of
the headphone set 40 and reproduced as a sound.

In the thus formed audio signal reproducing appa-
ratus of this embodiment, information on two transfer
characteristics in the vicinity of the rotational angular po-
sition represented by the current angular positional in-
formation is read from the storing circuit 62 based upon
the current angular positional information calculated by
the angle calculating circuit 60. The transfer character-
istics information in the current rotational angular posi-
tion are operated by a linear interpolation processing in
the interpolation operation circuit 61. By performing a
signal processing which responds to changes in transfer
characteristics in association with the movement of the
listener and the rotation of the head M in real time in the
audio signal processing circuit 63 based upon the trans-
fer characteristics data, good outside head localization
sensation and front localization sensation are obtained
in which the virtual sound sources are not moved as sim-
ilarly to the case in which an audio signal is reproduced
by a pair of speaker systems which faces to the listener
and are remote therefrom and with each other.

As mentioned above, in the audio signal reproduc-
ing apparatus of the present invention, information on
at least two transfer characteristics in the vicinity of the
rotational angular position of the head represented by
the detection output from detecting means for detecting
the rotational angular position of the head of the listener
at a solution higher than that of the transfer character-
istics information stored in the storing means is read
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from the storing means. The transfer characteristics in-
formation in the rotational angular position of the head
represented by the detection output are interpolation-
operated by interpolation operation means. Accordingly,
the amount of the information on the transfer character-
istics stored in the storing means can be reduced. The
audio signal processing means processes the left and
right channel audio signals based upon the transfer
characteristics information determined by the interpola-
tion operation means. The processed audio signals are
supplied to the headphones, resulting in that a proper
binaural reproduction can be achievedfor providing very
natural sound image localization sensation in which the
positions of the virtual sound sources do not move even
if a listener moves.

Claims
1. Anaudio signal reproducing apparatus, comprising:

means (10, 11, 14) for detecting the rotational
angular position of the head (M) of a listener
corresponding to the movement of the head of
the listener relative to virtual sound sources;
means (22) for storing transfer characteristics
information representative of transfer charac-
teristics of direct sounds from virtual sound
sources to each ear of the listener for predeter-
mined rotational angular positions; and

audio signal processing means (20, 21, 23) for
forming, based upon the transfer characteris-
tics information stored in said storing means,
transfer characteristics information appropriate
tothe detected rotational angular position of the
head and for processing left and right channel
audio signals using said transfer characteris-
tics information, whereby audio signals which
have been processed by said audio signal
processing means are reproduced as sounds
by headphone means; characterised in that:
said stored transfer characteristics information
corresponds to predetermined angular posi-
tions in a quadrant of the rotational position of
the head (M) of the listener and said audio sig-
nal processing means derives information for
the other quadrants from the stored informa-
tion.

2. Anapparatus according to claim 1 in which said de-
tecting means includes

a pair of signal detecting elements (5L, 5R) for
detecting a reference signal transmitted from a
reference signal source (11);

means (18) for calculating the distance be-
tween said reference signal source and the
head of the listener from the phase difference
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between the detection output signals from said
pair of the signal detecting elements and said
reference signal, and

means (19) for detecting the time difference be-
tween the detection output signals from said
pair of signal detecting elements, whereby the
rotational angular position of the head of the lis-
tener is calculated by using information on the
distance obtained from said distance calculat-
ing means and on the time difference obtained
from said time difference detecting means.

An apparatus according to claim 1 or 2 in which said
storing means stores the transfer characteristics in-
formation representative of the transfer character-
istics from said virtual sound sources to both ears
of the listener in the first quadrant of the rotational
angular position of the head.

An apparatus according to claim 1, 2 or 3, and fur-
ther including control means (21) which reads from
said storing means the transfer characteristics in-
formation for the angular position in the stored
quadrant corresponding to the rotational angular
position of the head represented, and for supplying
said audio signal processing means (23) with the
read transfer characteristics information together
with a control signal representative of which quad-
rant the rotational angular position represented by
the detection output from said detecting means be-
longs to.

An apparatus according to claim 1, 2, 3 or 4, in
which said audio signal processing means includes

a first signal processor (28a) for applying to the
right channel input audio signal a convolution-
integration of the impulse response corre-
sponding to transfer characteristics of a right
channel reproduced audio signal of an input au-
dio signal to the right ear;

a second signal processor (28b) for applying to
the right channel input audio signal a convolu-
tion-integration of the impulse response corre-
sponding to the transfer characteristics of the
right channel reproduced audio signal to the left
ear;
athird signal processor (28¢) for applyingto the
left channel input audio signal a convolution-in-
tegration of the impulse response correspond-
ing to the transfer characteristics of the left
channel reproduced audio signal of the input
audio signal to the right ear;

a fourth signal processor (28d) for applying to
the left channel input audio signal a convolu-
tion-integration of the impulse response corre-
sponding to the transfer characteristics of the
left channel reproduced audio signal to the left
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ear,
first adding means (29R) for adding the output
of said first signal processing unit with the out-
put of the third signal processing unit;

second adding means (29L) for adding the out-
put of said second signal processing unit with
the output of the fourth signal processing unit
whereby, the outputs of the first and second
adding means are respectively supplied to the
right and left channel headphones of said head-

phone set (1).

6. An apparatus according to claim 5 when dependent

on claim 4, wherein said audio signal processing
means includes

afirst selecting means (25R) for supplying said
right channel input audio signal to said first and
second signal processing units (28a, 28b)
when the control signal represents the first or
third quadrant and for supplying said right chan-
nel input audio signal to the third and fourth sig-
nal processing units (28c, 28d) when the con-
trol signal represents the second or fourth
quadrant;

a second selecting means (25L) for supplying
the left channel input audio signal to the third
and fourth signal processing units (28¢, 28d)
when said control signal represent the first or
third quadrant and for supplying the right chan-
nel input audio signal to the first and second
signal processing units (28a, 28b) when the
control signal represent the second or fourth
quadrant;

a third selecting means (26R) for selecting the
output of said first adding means (29R) when
said control signal represents the second or
fourth quadrant and for selecting the output of
said second adding means (29L) when said
control signal represents the second or fourth
quadrant;

afourth selecting means (26L) for selecting the
output of said second adding means (29L)
when the control signal represents the first or
third quadrant and for selecting the output of
the first adding means (29R) when the control
signal represents the second or fourth quad-
rant;

a fifth selecting means (27R) for supplying the
output of said third selecting means (26R) to
the right channel headphone (2R) of the head-
phone set (1) when said control signal repre-
sents the first or third quadrant and for supply-
ing the output of the third selecting means
(26R) to the right channel headphone (2R) of
the headphone set via a low pass filter (30R)
when said control signal represents the second
and fourth quadrant; and
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a sixth selecting means (27L) for supplying the
output of said fourth selecting means (26L) to
the left channel headphone (2L) of the head-
phone set (1) when said control signal repre-
sents the first or third quadrant and for supply-
ing the output of the fourth selecting means
(26L) to the left channel headphone (2L) of the
headphone set via a low pass filter (30L) when
the control signal represents the second or
fourth quadrant.

An apparatus according to any one of claims 110 5
and including interpolation processing means (61)
which reads from said storing means information on
transfer characteristics of at least two angles in the
quadrant in the vicinity of the angle corresponding
to the rotational angular position of the head and for
determining transfer characteristic information cor-
responding to the actual rotational angular position
by an interpolation processing.

An apparatus according to claim 7 in which said in-
terpolation processing means (61) supplies transfer
characteristics information determined by said in-
terpolation processing to said audio signal process-
ing means (63) together with a control signal repre-
senting which quadrant the actual rotational angular
position of the head represented by the detection
output from said detecting means belongs to.

Patentanspriiche

Audiosignal-Wiedergabevorrichtung mit:

einer Einrichtung (10, 11, 14) zur Erfassung der
Drehwinkelstellung des Kopfes (M) eines Ho-
rers entsprechend der Bewegung des Kopfes
des Hérers bezuglich virtueller Klangquellen;
einer Einrichtung (22) zur Speicherung von
Ubertragungskennlinien-Information, die Uber-
tragungskennlinien von Direktklang von virtuel-
len Klangquellen zu jedem Ohr des Hérers fir
vorbestimmte Drehwinkelstellungen wieder-
gibt; und

einer  Audiosignal-Verarbeitungseinrichtung
(20, 21, 28) zur Bildung einer fur die erfa3te
Drehwinkelstellung des Kopfes geeigneten
Ubertragungskennlinien-Information auf
Grundlage der in der Speichereinrichtung ge-
speicherten Ubertragungskennlinien-Informa-
tion, und zur Verarbeitung von Audiosignalen
eines linken und eines rechten Kanales unter
Verwendung der Ubertragungskennlinien-In-
formation, wobei durch die Audiosignal-Verar-
beitungseinrichtung verarbeitete Audiosignale
als Klang mittels einer Kopfhérereinrichtung
wiedergegeben werden,
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dadurch gekennzeichnet,

daB die gespeicherte Ubertragungskennlinien-
Information vorbestimmten Winkelstellungenin
einem Quadranten der Drehwinkelstellung des
Kopfes (M) des Hérers entspricht, und die Au-
diosignal-Verarbeitungseinrichtung eine Infor-
mation fUr die anderen Quadranten aus der ge-
speicherten Information ableitet.

2. Vorrichtung nach Anspruch 1,

bei der die Erfassungseinrichtung aufweist:
ein Paar von Signalerfassungselementen (5L,
5R) zur Erfassung eines Referenzsignales, das
von einer Referenzsignalquelle (11) Gbertragen
wird;

eine Einrichtung (18) zur Berechnung des Ab-
standes zwischen der Referenzsignalquelle
und dem Kopf des Hoérers aus der Phasendif-
ferenz zwischen dem Erfassungs-Ausgangssi-
gnalen von dem Paar von Signalerfassungs-
elementen und dem Referenzsignal; und

eine Einrichtung (19) zur Erfassung der Zeitdif-
ferenz zwischen Erfassungs-Ausgangssigna-
len von dem Paar von Signalerfassungsele-
menten, wobei die Drehwinkelposition des
Kopfes des Hérers unter Verwendung der In-
formation beziiglich des Abstandes, die vonder
Abstandsberechnungseinrichtung erhalten
wird, und abhangig von der Zeitdifferenz be-
rechnet wird, die von der Zeitdifferenz-Erfas-
sungseinrichtung erhalten wird.

3. Vorrichtung nach Anspruch 1 oder 2,

bei der die Speichereinrichtung die Ubertra-
gungskennlinien-Information speichert, die die
Ubertragungskennlinien von den virtuellen
Klangquellen zu beiden Ohren des Hérers in
dem ersten Quadranten der Drehwinkelstel-
lung des Kopfes wiedergibt.

4. Vorrichtung nach einem der Anspruche 1, 2 oder 3,

die weiterhin eine Steuereinrichtung (21) auf-
weist, die aus der Speichereinrichtung die
Ubertragungskennlinien-Information der Win-
kelstellung in dem gespeicherten Quadranten
ausliest, die der dargestellten Drehwinkelposi-
tion des Kopfes entspricht, und zur Weitergabe
der ausgelesenen Ubertragungskennlinien-In-
formation zu der Audiosignal-Verarbeitungs-
einrichtung (23) zusammen mit einem Steuer-
signal, das anzeigt, zu welchem Quadranten
die Drehwinkelposition gehért, die durch das
Erfassungs-Ausgangssignal von der Erfas-
sungseinrichtung wiedergegeben wird.
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5. Vorrichtung nach einem der Anspriiche 1 bis 4,

bei der Audiosignal-Verarbeitungseinrichtung
aufweist:

eine erste Signalverarbeitungseinrichtung
(28a) zur Ausuibung auf das Eingangs-Audiosi-
gnal des rechten Kanales einer Faltung der Im-
pulsantwort entsprechend einer Ubertragungs-
kennlinie eines wiedergegebenen rechten Au-
diosignales eines Eingangs-Audiosignales zu
dem rechten Ohr;

eine zweite Signalverarbeitungseinrichtung
(28b) zur Austibung auf das Eingangs-Audiosi-
gnal des rechten Kanales einer Faltung der Im-
pulsantwort entsprechend der Ubertragungs-
kennlinien des rechten wiedergegebenen Au-
diosignales zu dem linken Ohr; eine dritte Si-
gnalverarbeitungseinrichtung (28c) zur Aus-
Ubung auf das Eingangs-Audiosignal eines lin-
ken Kanales einer Faltung der Impulsantwort
entsprechend der Ubertragungskennlinien des
wiedergegebenen Audiosignales des linken
Kanales des Eingangs-Audiosignales zu dem
rechten Ohr;

eine vierte Signalverarbeitungseinrichtung
(28d) zur Austibung auf das Eingangs-Audiosi-
gnal des linken Kanales einer Faltung der Im-
pulsantwort entsprechend der Ubertragungs-
kennlinien des wiedergegebenen Audiosigna-
les des linken Kanales zu dem linken Ohr;
eine erste Addiereinrichtung (29R) zum Addie-
ren des Ausgangssignales von der ersten Si-
gnalverarbeitungseinheit zu dem Ausgangssi-
gnal der dritten Signalverarbeitungseinheit;
und

eine zweite Addiereinrichtung (29L) zur Additi-
on des Ausgangssignales der zweiten Signal-
verarbeitungseinheit zu dem Ausgangssignal
der vierten Signalverarbeitungseinheit, wobei
die Ausgangssignale der ersten und zweiten
Addiereinrichtung zu den Kopfhdrern des rech-
ten bzw. linken Kanales der Kopfhéreranord-
nung (1) gegeben werden.

6. Vorrichtungnach Anspruch 5, wenn zuriickbezogen
auf Anspruch 4,

wobei die Audiosignal-Verarbeitungseinrich-
tung aufweist:

eine erste Wahleinrichtung (25R) zur Versor-
gung der ersten und zweiten Signalverarbei-
tungseinheit (28a, 28b) mit dem rechten Kanal-
Eingangs-Audiosignal, wenn das Steuersignal
den ersten oder dritten Quadranten wiedergibt,
und zur Versorgung der dritten und vierten Si-
gnalverarbeitungseinheit (28c, 28d) mit dem
rechten Kanal-Eingangs-Audiosignal, wenn
das Steuersignal den zweiten oder vierten
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Quadranten wiedergibt;

eine zweite Wahleinrichtung (25L) zur Versor-
gung der dritten und vierten Signalverarbei-
tungseinheit (28¢, 28d) mit dem linken Kanal-
Eingangs-Audiosignal, wenn das Steuersignal
den ersten oder dritten Quadranten anzeigt,
und zur Versorgung der ersten und zweiten Si-
gnalverarbeitungseinheit (28a, 28b) mit dem
linken Kanal-Eingangs-Audiosignal, wenn das
Steuersignal den zweiten oder vierten Qua-
dranten wiedergibt;

eine dritte Wahleinrichtung (26R) zur Wahl des
Ausgangssignales der ersten Addiereinrich-
tung (29R), wenn das Steuersignal den ersten
oder dritten Quadranten wiedergibt, und zur
Wahl des Ausgangssignales der zweiten Addi-
tionseinrichtung (29L), wenn das Steuersignal
den zweiten oder vierten Quadranten wieder-
gibt;

eine vierte Wahleinrichtung (26L) zur Wahl des
Ausgangssignales der zweiten Additionsein-
richtung (29L), wenn das Steuersignal den er-
sten oder dritten Quadranten wiedergibt, und
zur Wahl des Ausgangssignales der ersten Ad-
diereinrichtung (29R), wenn das Steuersignal
den zweiten oder vierten Quadranten wieder-
gibt;

eine filinfte Wahleinrichtung (27R) zur Versor-
gung des rechten Kopfhérers (2R) der Kopfhd-
reranordnung mit dem Ausgangssignal der drit-
ten Wahleinrichtung (26R), wenn das Steuersi-
gnal den ersten oder dritten Quadranten wie-
dergibt, und zur Versorgung des rechten Kopf-
hérers (2R) der Kopfhéreranordnung mit dem
Ausgangssignal der dritten Wahleinrichtung
(26R) mittels eines Tiefpaffilters (30R), wenn
das Steuersignal den zweiten und vierten Qua-
dranten anzeigt; und

eine sechste Wahleinrichtung (27L) zur Versor-
gungdes linken Kopfhérers (2L) der Kopfhérer-
anordnung (1) mit dem Ausgangssignal der
vierten Wahleinrichtung (26L), wenn das Steu-
ersignal den ersten oder dritten Quadranten
angibt, und zur Versorgung des linken Kopfhé-
rers (2L) der Kopfhéreranordnung mit dem
Ausgangssignal der vierten Wahleinrichtung
(26L) mittels eines TiefpaBfilters (30L), wenn
das Steuersignal den zweiten oder vierten
Quadranten wiedergibt.

7. Vorrichtung nach einem der Anspriiche 1 bis 5,

die eine Interpolations-Verarbeitungseinrich-
tung (61) aufweist, die aus der Speichereinrich-
tung eine Information beziiglich Ubertragungs-
kennlinien von wenigstens zwei Winkeln indem
Quadranten in der Nahe des Winkels ausliest,
der der Drehwinkelstellung des Kopfes ent-
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spricht, und zur Festlegung von der Ubertra-
gungskennlinien-Information, die der aktuellen
Drehwinkelposition entspricht, durch eine Inter-
polationsverarbeitung.

8. Vorrichtung nach Anspruch 7,

bei der die Interpolations-Verarbeitungsein-
richtung (61) eine Ubertragungskennlinien-In-
formation, die durch die Interpolationsverarbei-
tung bestimmt wird, zu der Audiosignal-Verar-
beitungseinrichtung (63) zusammen mit einem
Steuersignal gibt, das anzeigt, in welchem
Quadranten die aktuelle Rotationswinkelstel-
lung des Kopfes liegt, die durch das Erfas-
sungs-Ausgangssignal von der Erfassungsein-
richtung wiedergegeben wird.

Revendications

Appareil de audio

comprenant :

reproduction de signal

un moyen (10, 11, 14) pour détecter la position
angulaire en rotation de la téte (M) d'un audi-
teur correspondant au déplacement de la téte
de l'auditeur par rapport & des sources de son
virtuelles ;

un moyen (22) pour stocker une information de
caractéristique de transfert représentative
d'une caractéristique de transfert de sons di-
rects provenant de sources de son virtuelles
pour chaque oreille de 'auditeur pour des po-
sitions angulaires en rotation prédéterminées ;
et

un moyen de traitement de signal audio (20, 21,
23) pour former, sur la base de l'information de
caractéristique de transfert stockée dans ledit
moyen de stockage, une information de carac-
téristique de transfert qui convient pour la po-
sition angulaire en rotation détectée de la téte
et pour traiter des signaux audio de canaux
gauche et droit en utilisant ladite information de
caractéristique de transfert et ainsi, des si-
gnaux audio qui ont été traités par ledit moyen
de traitement de signal audio sont reproduits
en tant que sons par un moyen d'écouteur,
caractérisé en ce que :

ladite information de caractéristique de trans-
fert stockée correspond a des positions angu-
laires prédéterminées dans un quadrant de la
position en rotation de la téte (M) de l'auditeur
et ledit moyen de traitement de signal audio dé-
rive une information pour les autres quadrants
a partir de l'information stockée.

2. Appareil selon la revendication 1, dans lequel ledit
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moyen de détection inclut :

une paire d'éléments de détection de signal
(5L, 5R) pour détecter un signal de référence
émis depuis une source de signal de référence
(1);

un moyen (18) pour calculer la distance entre
ladite source de signal de référence et la téte
de l'auditeur a partir de la différence de phase
entre les signaux de sortie de détection prove-
nant de ladite paire d'éléments de détection de
signal et ledit signal de référence ; et

un moyen (19) pour détecter la différence tem-
porelle entre les signaux de sortie de détection
provenant de ladite paire d'éléments de détec-
tion de signal et ainsi, la position angulaire en
rotation de la téte de l'auditeur est calculée en
utilisant une information concernant la distance
obtenue a partir dudit moyen de calcul de dis-
tance et concernant la différence temporelle
obtenue & partir dudit moyen de détection de
différence.

Appareil selon la revendication 1 ou 2, dans lequel
ledit moyen de stockage stocke l'information de ca-
ractéristique de transfert représentative de la carac-
téristique de transfert provenant desdites sources
de son virtuelles pour les deux oreilles de l'auditeur
dans le premier quadrant de la position angulaire
en rotation de la téte.

Appareil selon la revendication 1, 2 ou 3, incluant
en outre un moyen de commande (21) qui lit dans
ledit moyen de stockage l'information de caractéris-
tique de transfert pour la position angulaire dans le
quadrant stocké correspondant a la position angu-
laire en rotation de la téte représentée, et pour ap-
pliquer audit moyen de traitement de signal audio
(23) l'information de caractéristique de transfert lue
en association avec un signal de commande repré-
sentatif du quadrant auquel la position angulaire en
rotation représentée par la sortie de détection pro-
venant dudit moyen de détection appartient.

Appareil selon la revendication 1, 2, 3 ou 4, dans
lequel ledit moyen de traitement de signal audio
inclut :

un premier processeur de signal (28a) pour ap-
pliquer sur le signal audio d'entrée de canal
droit une convolution intégration de la réponse
impulsionnelle correspondant & une caractéris-
tique de transfert d'un signal audio reproduit de
canal droit d'un signal audio d'entrée appliqué
sur l'oreille droite ;

un second processeur de signal (28b) pour ap-
pliquer sur le signal audio d'entrée de canal
droit une convolution-intégration de la réponse
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impulsionnelle correspondant a la caractéristi-
que de transfert du signal audio reproduit de
canal droit appliqué sur l'oreille gauche ;

un troisiéme processeur de signal (28c) pour
appliquer sur le signal audio d'entrée de canal
gauche une convolution-intégration de la ré-
ponse impulsionnelle correspondant a la carac-
téristique de transfert du signal audio reproduit
de canal gauche du signal audio d'entrée ap-
pliqué sur l'oreille droite ;

un quatrieme processeur de signal (28d) pour
appliquer sur le signal audio d'entrée de canal
gauche une convolution-intégration de la ré-
ponse impulsionnelle correspondant a la carac-
téristique de transfert du signal audio reproduit
de canal gauche appliqué sur l'oreille gauche ;
un premier moyen d'addition (29R) pour addi-
tionner la sortie de ladite premiére unité de trai-
tement de signal & la sortie de la troisiéme unité
de traitement de signal ;

un second moyen d'addition (29L) pour addi-
tionner la sortie de ladite seconde unité de trai-
tement de signal & la sortie de la quatriéme uni-
té de traitement de signal et ainsi, les sorties
des premier et second moyens d'addition sont
respectivement appliquées sur les écouteurs
de canaux droit et gauche dudit jeu d'écouteurs

(1)

6. Appareil selon larevendication 5 lorsqu'elle dépend

de la revendication 4, dans lequel ledit moyen de
traitement de signal audio inclut:

un premier moyen de sélection (25R) pour ap-
pliquer ledit signal audio d'entrée de canal droit
sur lesdites premiére et seconde unités de trai-
tement de signal (28a, 28b) lorsque le signal de
commande représente le premier ou troisiéme
quadrant et pour appliquer ledit signal audio
d'entrée de canal droit sur les troisiéme et qua-
triéme unités de traitement de signal (28¢c, 28d)
lorsque le signal de commande représente le
second ou quatrime quadrant ;

un second moyen de sélection (25L) pour ap-
pliquer le signal audio d'entrée de canal gauche
sur les troisieme et quatrieme unités de traite-
ment de signal (28¢, 28d) lorsque ledit signal
de commande représente le premier ou troisié-
me quadrant et pour appliquer le signal audio
d'entrée de canal droit sur les premiére et se-
conde unités de traitement de signal (28a, 28b)
lorsque le signal de commande représente le
second ou quatrime quadrant ;

un troisiéme moyen de sélection (26R) pour sé-
lectionner la sortie dudit premier moyen d'addi-
tion (29R) lorsque ledit signal de commande re-
présente le second ou quatrieme quadrant et
pour sélectionner la sortie dudit second moyen
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d'addition (29L) lorsque ledit signal de com-
mande représente le second ou quatrieme
quadrant ;

un quatrieme moyen de sélection (26L) pour
sélectionner la sortie dudit second moyen d'ad-
dition (29L) lorsque le signal de commande re-
présente le premier ou troisieme quadrant et
pour sélectionner la sortie du premier moyen
d'addition (29R) lorsque le signal de comman-
de représente le second ou quatriéme
quadrant ;

un cinquieme moyen de sélection (27R) pour
appliquer la sortie dudit troisieme moyen de sé-
lection (26R) sur I'écouteur de canal droit (2R)
du jeu d'écouteurs (1) lorsque ledit signal de
commande représente le premier ou troisieme
quadrant et pour appliquer la sortie du troisié-
me moyen de sélection (26R) sur I'écouteur de
canal droit (2R) du jeu d'écouteurs via un filtre
passe-bas (30R) lorsque ledit signal de com-
mande représente le second ou quatrieme qua-
drant; et

un sixidme moyen de sélection (27L) pour ap-
pliquer la sortie dudit quatritme moyen de sé-
lection (26L) sur I'écouteur de canal gauche
(2L) du jeu d'écouteurs (1) lorsque ledit signal
de commande représente le premier ou troisié-
me quadrant et pour appliquer la sortie du qua-
trieme moyen de sélection (26L) sur I'écouteur
de canal gauche (2L) du jeu d'écouteurs via un
filtre passe-bas (30L) lorsque le signal de com-
mande représente le second ou quatrieme qua-
drant.

Appareil selon I'une quelconque des revendications
1 & 5 et incluant un moyen de traitement d'interpo-
lation (61) qui lit dans ledit moyen de stockage une
information concernant une caractéristique de
transfert d'au moins deux angles dans le quadrant
au voisinage de l'angle correspondant a la position
angulaire en rotation de la téte et pour déterminer
une information de caractéristique de transfert cor-
respondant a la position angulaire en rotation réelle
a l'aide d'un traitement d'interpolation.

Appareil selon la revendication 7, dans lequel ledit
moyen de traitement d'interpolation (61) applique
une information de caractéristique de transfert dé-
terminée par ledit traitement d'interpolation sur ledit
moyen de traitement de signal audio (63) en asso-
ciation avec un signal de commande représentant
a quel quadrant la position angulaire en rotation
réelle de la téte représentée par la sortie de détec-
tion provenant dudit moyen de détection appartient.
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