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SOUND-IMAGE POSITION CONTROL APPARATUS

!
) : 1

. Jhe present invention relates 'to a sound-image position
control apparatus which is suitable for use in the electronic
musical instruments, audio-visual devices and the like so as to
eventually perform the sound-image localization.

As the device which offers éhe person the sound-broadened
image, there are provided the stereo-chorus device, reverberation
device and the like. Herein, the former one is designed to
produce the sound of which phase is slightly shifted as compared
to that of the original sound so that this phase-shifted sound
and the original sound are alternatively produced from the left
and right loud-speakers, while the latter one is designed to
impart the reverberation effect to the sounds.

In addition, there is another device, called the panning
device. This panning device is designed to provide the
predetermined output-level difference between the sounds which
are respectively produced from the left and right loud-speakers,
resulting that the stereophonic effect or stereo-impressive image
is applied to the sounds. '

The above-mentioned stereo-chorus device or reverberation
device can enlarge the sound-broadened image. However, there is
a drawback in that the sound-distributibn image which is sensed
by the listener must become unclear when enlarging the sound-
broadened image. Herein, the sound-distribution image is defined
as a degree of discrimination in which the person who listens to
the music from the audio device can specifically discriminate the
sound of certain instrument from the other sounds. For example,
when listening to the music played py thée guitar and keyboard by
the audio device having a relatively good.sound-distribution
image control, the person can discriminate the respective sounds
as if the guitar sound is produced from the predetermined left-
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' SOUND-@NAGE_PCSITICN_CCNTRCL APPARATUS_ The present invention rel ates
to a sqund-inmage position control apparatus which is suitable for use in
the electronic nusical |nstrunents audi o- visual devices and the |like so
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predetermined right-side position (hereinafter, such virtual
position will be referred to as the sound-image position). When
listening to the music by use of the aforementfoned stereo-chorus
device or reverberation device, it is difficult for the person to
clearly discriminate the sound-image positions.

In the panning device, the sound-image position must be
fixed at the predetermined position disposed on the line
connecting the left and right loud-speakers on the basis of the
sound-image localization technique, resulting that the sound-
broadened image cannot be substantially obtained. In other
words, when simultaneously producing plural sounds each having a
different sound-image position, the panning device merely
functions to roughly mix up those sounds so that the clear sound-
image positions cannot be obtained.

In the meantime, the panning device is frequently equipped
with or built in the electronic musical instrument when
simulating the sounds of the relatively large-scale instruments
such as the piano, organ and vibraphone. In such instrument
(e.g., piano), the sound-producing positions must be moved
accompanied with the progression of notes, thus, the panning
device functions to simulate such movement of the sound-producing
! positions. '

However, the panning device also suffers from the
aforementioned drawback. More specifically, the panning device
can offer certain degree of panning effect when simulating the
sounds, however, it is not possible to clearly discriminate the
sound- image position of each of the sounds to be produced. In

: short, the panning device cannot perform the accurate simulation
f with respect to the discrimination of the sound-image positions.

It is accordingly a primary object of the present invention
to provide a sound-image position control apparatus by whieh even
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inagef there are provided t he stereg-chorus device, reverberation device
and the like. Herein, the fornmer one is designed to produce the sound of
whi chiphase is slightly shifted as conpared to that of the original sound
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It is another object of the present invention to provide a

i sound-image position control apparatus which can offer the sound-
broadened effect, stereophonic effect or stereo-impressive image
when simultaneously producing plufal sounds each having a
different sound-image position.

It is a further object of the present invention to provide a
sound-image position control apparatus which can offer a sound-
image localization with a simple configuration of the apparatus.

According to the fundamental configuration of the present
invention, the sound-image position control apparatus comprises a
signal mixing portion and a virtual-speaker position control
portion. Herein, the signal mixing portion mixes plural audio
signals supplied thereto in accordance with a predetermined
signal mixing procedure so as to output plural mixed signals.
The virtual-speaker position control portion applies different
delay times to each of plural mixed signals so as to output
delayed signals as right-side and left-side audio signals to be
respectively supplied to right-side and left-side speakers. In
this case, some virtual speakers are virtually emerged as sound-
producing points as if each of the sounds is produced from each
of these points. Thus, sound-image positions formed by the
virtual speakers are controlled in accordance with plural mixed
signals.

Under effect of the aforementioned configuration of the
present invention, the sounds applied with the stereophonic
effect and clear sound-image discrfhination effect are to be
actually produced from the right-side and left-side speakers as

- i1f the sounds are virtually produced from the virtual speakers of
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When applying this apparatus to the game devi{ce providing a
display unit which displays an animated image representing an
image of the air plane and the like, by adequately controlling
the'sound-image position, it is possible to obtain a brand-new
live-audio effect, by which the point of producing the sounds
corresponding to this animated 1m5ge is moved in accordance with
the movement of the animated image which is moved by the player
of the game.

Moreover, the present invention can be easily modified to be
applied to the movie system or video game device in which the
sound-image position is controlled responsive to the video image.
This system comprises an audio/video signal producing portion; a
scene-identification signal producing portion; a plurality of
speakers; a sound-image forming portion; and a control portion.

The above-mentioned scene-identification signal producing
portion outputs a scene-identification signal in response to a
scene represented by the video signal. The sound-image forming
portion performs the predetermined processings on the audio
signals so as to drive the speakers. Under effect of such signal
processings, the speakers produce the sounds of which sound-image
positions are fixed at the desirable positions departing from the
linear spaces directly connecting the speakers. The control
portion controls the contents of the signal processings so as to
change over the fixed sound-image position in response to the
scene-identification signal.

Further objects'and advantages of the present invention will
be apparent from the following description, reference being had
to the accompanying drawings wherein the preferred embodiments of
the present invention are clearly shown.

In the drawings:
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by the |istener nust becone uncl eatgwhen enl arging the sound- broadened
I mge) Herein, the sound-distribution inage is defined as a degree of
di scrijm nation in which the person who listens to the nusic fromthe audio

device can s fllqad)l xsdlass&wknais Fag W‘Ehé)fanc%rlbé't?ohﬁ!ét rument from

t he other For anple e 0 the _nusic ed by the

gui t ar %br&;ﬁjdmof e SQUBAS iﬂ@ﬂ’ c%°ﬁ£{:/£%b control PPBW é

sound4di a;d:wmltng:)rtq rmadfd retnembbdimbret pef stire qares#indc dnwien&iont he

Iref3|toe(.t ive soHEi.s la(sB)i fist Igepgght %&e%()k'i‘fuéfr@éfﬁ&‘%e%ofs&%%hhe pr edet er m ned
ert- relationship between the performer and speakers;

Fig. 2(A) is a block diagram showing another example of the
arrangement of circuit elements in a matrix controller;

Fig. 2(B) is a plan view illustrating another example of the
position relationship between the performer and speakers;

Fig. 3(A) 1s a block diagram showing a détailed electronic
configuration of a cross-talk canceler shown in Fig. 1(A);

Fig. 3(B) is a plan view illustrating another example of the
position relationship between the performer and speakers;

Fig. 4 is a plan view illustrating a fundamental position
relationship between the performer and speakers according to the
present invention;

Fig. 5 1s a block diagram showing a modified example of the
first embodiment;

Fig. 6 is a block diagram showing an electronic
configuration of a sound-image position control apparatus
according to a second embodiment of the present invention;

Fig. 7 is a drawing showing a relationship between the
person and virtual sound source;

Fig. 8 is a block diagram showing an electronic
configuration of a game device to which a sound-image position
control apparatus according to a third embodiment of the present
invention 1s applied;

Fig. 9 is a drawing showing a two-dimensional memory map of
a coordinate/sound-image-position coefficient conversion memory
shown in Fig. 8; _ :

Fig. 10 is a plan view illustrating a position relationship
between the player and game device;

Fig. 11 is a block diagram showing an electronic
configuration of a video game system;

Fig. 12 is a block diagram showing an electronic
configuration of a sound-image position control apparatus, shown
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in Fig. 11, according to a fourth embodiment of the present
invention; :

Fig. 13 is a drawing illustrating a position relationship
among a listener, loud-speakers and a video scréen;

Fig. 14 illustrates a polar-coordinate system which is used
for defining a three-dimensional space; and

Fig. 15 is a block diagram showing a typical examble of a
virtual-speaker system, of which concept is applied to the fourth
embodiment.

Now, description will be given with respect to the
embodiments of the present invention by referring to the
drawings, wherein the predetermined position relationship is
fixed between a performer P and an instrument I as shown in Fig.
4. In the description, the lateral direction indicates an arrow
direction "a", while the longitudinal direction indicates an
arrow direction "b" as shown in Fig. 4.

[A] First Embodiment
(1) Configuration
Fig. 1(B) 1s a plan view illustrating a position

relationship between a person M (i.e., performer) and an
electronic musical instrument containing two speakers (i.e.,
loud-speakers). Herein, KB designates a keyboard providing
plural keys, wherein when depressing a key, a tone generator (not
shown) produces a musical tone waveform signal having the pitch
corresponding to the depressed key. SP(L) and SP(R) designate
left and right speakers respectively. These speakers SP(L),
SP(R) are respectively arranged at the predetermined left-side
and right-side positions of the upper portion of the instrument.

Fig. 1(A) is a block diagram showing an electronic
configuration of a sound-image position control apparatus 1
according to a first embodiment of the present invention. This
apparatus 1 provides eight channels respectively denoted by
numerals Chl0 to Chl7 (given with a general numeral "Ch"),
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side fosition, while the keyboard.sound is produced fromthe predeterm ned
right4si de position (hereinafter, such virtual position will be referred to
as t he sound |nage position). Wien listening to the music by use of the
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gaveform signal supplied to each channel Ch has the allocated

grequency domain corresponding to some musical notes

(hereinafter, referred to as the allocated tone area).

More specifically, the allocation of the tone areas is given
as follows: the musical tone wavqform signal of which tone area
corresponds to the lowest-pitch note to Cl note is supplied to
the channel Ch10, while the musical tone waveform signal of which
tone area corresponds to C#l note to C2 note is supplied to the
channel Chil. Similarly, the tone area of C#2 to F2 is allocated
to the channel Chl2; the tone area of F#2 to C3 is allocated to
the channel Chl3; the tone area of C#3 to F3 1s allocated to the
channel Chl4; the tone area of F#3 to C4 is allocated to the
channel Chl5; the tone area of C#4 to C#5 is allocated to the
channel Ch16; and the tone area corresponding to the D5 note to
the highest-pitch note is allocated to the channel Chl7.

Next, M1 to M12 designate multipliers which multiply the
musical tone waveform signal supplied thereto by respective
coefficients CM1 to CM12. IN10 to IN13 designate adders, each of
which receives the outputs of some multipliers. The above-
mentioned elements, i.e., multipliers M1 to Mi2, adders IN10 to
IN13 and channels Ch10 to Chl7 are assembled together into a
matrix controller MTR1. Herein, the connection relationship and
arrangement relationship among those elements of the matrix
controller MIR1 can be arbitrarily changed in response to the
control signal and the like. Incidentally, the detailed
explanation of this matrix controller MTR1 will be given later.

Meanwhile, DL10 to DL13 designate delay circuits which
respectively delays the outputs of the adders IN1C to IN13. Each
of them has two output terminals each having a different delay
time.

S
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In theg panning device, the sound-infge position nust be fixed at the
predetjer m ned position disposed on the Iine connecting the left and right
| oud- speakers on the basis of the sound-inmage |ocalization technique,
resul tf ng t haThé hel gmaindurpatdede tromagef tesh utmits Herminalall}008f ai ned.
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wth of BB&Lkeé? &Peh cross-talk canceler 2 via an adder AD10. On the
other hand, the signal outputted from a second output terminal

TR10 of the delay circuit DL10 is multiplied by the predetermined
coefficient by a multiplier KR10, and then the multiplied signal

is supplied to a second input ({.e., input for the right-side

speaker) of the cross-talk canceler 2 via adders AD12, AD13.

Similarly, the signal outputted from a first terminal TL1ll
of the delay circuit DL11 is eventually supplied to the first
input of the cross-talk canceler 2 via a multiplier KL11l and the
adder AD10, while another sigﬂal outputted from a second terminal
TR11 of the delay circuit DL1l is eventually supplied to the
second input of the cross-talk canceler 2 via a multiplier KR11
and the adders AD12, AD13. The signal outputted from a first
terminal TL12 of the delay circuit DL12 is eventually supplied to
the first input of the cross-talk canceler 2 via a multiplier
KL12 and the adder AD11, AD10, while another signal outputted
from a second terminal TR12 of the delay circuit DL12 is
eventually supplied to the second input of the cross-talk
canceler 2 via a multiplieriKRlZ and the adder AD13. Lastly, the
signal outputted from a first terminal TL13 of the delay circuit
DL13 1s eventually supp;ied to the first input of the cross-talk

canceler 2 via a multiplier KL13 and the adders AD11, AD10, while
another signal outputted from a second terminal TR13 of the delay
circuit DL13 is eventually supplied to the second input of the
cross-talk canceler 2 via a multiplier KL13 and the adder AD13.

The above-mentioned cross-talk canceier 2 is designed to
cancel the cross-talk sounds which are emerged when the person
hears the sounds with his both ears. In other words, this is
designed to eliminate the cross-talk phenomenon in which the
right-side sound is entered into the left ear, while the left-
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el ectfoni c musical instrunent when sg-mul ating the sounds of the relatively
| argeq4 scale instruments such as the piano, organ and vibraphone. In such
i nstryment (e.g., piano), the sound-producing positions nust be noved
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between the human ears and dummy head (i.e., virtual simulation
model of the human head). On the basis of the experimental
values obtained through the transfer function of head, the study
is made to compute the sound-a;;ival time differences between the
left and right ears and the peak values of the impulse response
of the transfer function. In response to these values, this

ci;cuitry performs the delay operations and weight functional
caluculus. '

The observation is made on the model wherein both of the
speakers SP(L), SP(R) are positioned apart from the person M by
1.5 m respectively and they are also respectively arranged at the
predetermined left-side and right-side positions each of which
direction is deviated from the front direction of the person M by
45° . Since the foregoing transfer function of head of the
person M is the symmetrical function, one of the speaker SP(L),
SP(R) is sounded so as to actually measure the sound-arrival time
difference between the left and right ears and the peak values of
the impulse response. ‘Herein, coefficients of multipliers and
delay times of delay circuits in the circuitry shown in Fig. 3(A)
are determined on the basis of the result of the measurement.

For example, when the result of the measurement indicates that
the left/right level difference is at 6dB (or 0.5) and the
left/right time difference is at 200z s, the same coefficient
"-0.5" 1s applied to multipliers KL30, KR32, while the same delay
time 200z s 1s set to delay circuits DL30, DL32. Incidentally,
the other circuit elements in Fig. 3(A), i.e., delay circuits
DL31, DL33 and multipliers KL31, KR33 configure the all-pass
filter which is provided to perfprm the phase matching.

As shown in Fig. 1(A), the left and right output signals of
the cross-talk canceler 2 are amplified by an amplifier 3 and
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i mg¢ position of each of the seands to be produced. In short, the panning
devi ¢ge cannot performthe accurate sinulation with respect to the

di scfi m nation of the sound-inage positions. EP- A-0 357 402 discloses a
o ol R e o o oo e chal Shgmal 1 1to T
Si gnal@iﬁndq‘ﬁeﬁoﬁﬁffg‘?qc‘ﬁpﬁ ﬁeecﬁ/f}ﬂgsgngf)gﬁdf)h%%% %oc#hg%p itu glﬁgf ![ Eéot \t/voWO
chaniglisseghagstontie f saupds oshiddp@r¢eproduced bn means GfhddhenicrRsgn
em I“t%gle;' ¥aflgbiypdat r e @foddNEiKON st BahcbRedd Senaitiing thiatsehend

P clear sound separation between the'left/right speakers 1is
achieved.

Next, the description will be given with respect to the
functions of the delay circults DL10-DL13. In case of the delay
circuit DL10, the signal outputted from the terminal TR10 is
gultiplied by the predetermined coefficient in the multiplier
KR10, and consequently, the multiplied signal will be converted
into the musical sound by the right speaker SP(R). On the other
nand, the signal outputted from the terminal TL10 is multiplied
by the predetermined coefficient in the multiplier KL10, and
consequently, the multiplied signal will be converted into the
msical sound by the left speaker SP(L). In this case, the
sound-image position is determined by two factors, i.e., the
difference between the delay times of the sounds respectively
produced from the right and left speakers, and the ratio between
the tone volumes respectively applied to the left and right
speakers. Since the present embodiment can set the above-
nentioned delay-time difference. in addition to the above-
mentioned tone-volume ratio, the sound-image position can be set
at certain position which is far from the speakers SP(L), SP(R)
and which departs from the line connecting these speakers. In
short, it 1s possible to set the sound-image position in the
arbitrary space which departs from the linear space connecting
the speakers. In other words, the virtual speakers which are not
actually existed are placed at the arbitrary spatial positions,
so that the person can listen to the sounds which are virtually
produced from those positions.  In the present embodiment, the
delay circuit DL10 functions to set the virtual sound-producing
Position at VS10 (see Fig. 1(B)), which is called as the virtual
Speaker. '
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adj ustjrent for each predeterm ned fjgquency interval over -the audio
spectrim For each different sound source |ocation a specific transfer
functipn nust be enpirically derived and stored. If a sound source should

be made to apPaH 14 Y P he DthdrI8eIMFPircuits DLI1, DL12, DL13
respectively correspond to the virtual speakers VS11i, VS12, VS13
as shown in Fig. 1(B). As shown in Fig. 1(B), these virtual
speakers VS10, VS1l1, VSi2, VS13 are respectivelyeand roughly
arranged along with a circular line which can be drawn about the
performer. When drawing the center line between the performer
(i.e., circle center) and respective one of the virtual speakers
yS10, VS11, VS12, VS13, there are formed four circular angles,
§0° , 24° , 24° , 60° as shown in Fig. 1(B).

Next, the description will be given with respect to the
functions of the matrix controller MTR1. As described before,
this matrix controller MTR1 is designed to control the connection
relationship and arrangement relationship among the multipliers
ML-M12, adders IN10-IN13 and channels Ch10-Chl7. Such control
indicates how to assign the signals of the channels Ch10-Chl7 to
the virtual speakers VS10-VS13. Thus, the sound-image position
of each channel Ch can be determined by the ratio of each .
channel-output signal applied to each virtual speaker. In other
words, the panning control is carried out on the virtual speakers
VS10-VS13 respectively.'thus controlling the sound-image position
with respect to each channel. '

In the present embodiment as shown in Fig. 1(A), the
allocation ratio of the each channel-output signal applied to
each virtual speaker is controlled by setting the coefficients of

" the multipliers M1-M12 as follows: CM1=0.75 (by being multiplied
by this coefficient, the tone volume of the musical tone waveform
signal is reduced by 2.5dB). CM2=0.75, CM3=0.25 (by being
multiplied by this coefficient, the tone volume of the musical
tone waveform signal is reduced by 12dB), CM4=0.75, CM5=0.625 (by
being multiplied by this coefficient, the tone volume of the
musical tone waveform signal is reduced by 4.084B), CM6=0.313
(which is equivalent to the reduction of 10.083dB in the tone
volume of the musical tone waveform signal), CM7=0.313,

CM8=0.6825, CM9=0.75, CM10=0.25, CM11=0.75, CM12=0.75.

?
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Fig. 2(A) shows another example of the arrangement and
connection among the multipliers and adders under control of the
matrix controller MTR1. In this-example, onlyetwo delay circuits
DL10, DL13 are used for the virtual speakers. In short, as shown
in Fig. 2(B), two virtual speakers VS10, VS13 are used for the
production of the musical sounds. Herein, under control of the
matrix controller MTR1, some of the signals of the channels Chl0-
Chl7 are adequately allocated to each of the adders IN10, IN13 so
as to control the sound-image positions. In this example, the
coefficients of the multipliers M1-M14 are respectively set as
follows: CM1=0.75, CM2=0.75, CM3=0.313, CM4=0.625, CM5=0.375 (by
being multiplied by this coefficient, the tone volume of the
musical tone waveform signal is reduced by 8.5dB), CM6=0.5 (which
is equivalent to the reduction of 6dB in the tone volume of the
musical tone waveform signal), CM7=0.439 (which is equivalent to
the reduction of 7.16dB in the tone volume of the musical tone
waveform signal), CM8=0.439, CM9=0.5, CM10=0.375, CM11=0.625,
CM12=0.313, CM13=0.75, CM14=0.75." |

(2) Operation
Next, the description will be given with respect to the
operation of the present embodiment.

When the performer P plays the keyboard to perform the
music, the musical tone waveform signal is produced in response
to each of the keys depressed by the performer. Then, the
musical tone waveform signals are respectively allocated to the
channels on the basis of the predetermined tone-area allocation
manner, so that these signals are eventually entered into the
matrix controller MTR1. Assuming that the circuit elements of
the matrix controller MTR1 are arranged and connected as shown in
Fig. 1(A), the musical tone waveform signals are ﬁroduced as the
Wusical sounds from the virtual'speakers VS10-VS13 in accordance
¥ith their tone areas.
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US- A-4.%685. 134 di scl oses a mul ti-chadwel .conputer generated sound synthesis
system} The systemincludes in each channel a sound generator having a
progra bl e del ay and an adj ust-able gain. This known systemis expensive
since epch of Theedebabbed eéxslinatici cdamabe descsibed s follewsgen&FAXSsr .

LT T Pr 3h1] dngl naQyoge OAwhodedta?UERA1S! SUkES5HPInE (G2 thiaDer Of

gener’at ors an € CoSsts o

drasti chl fope areg Pgtﬂeéér‘éﬁ%gl%v%ﬁ%ﬂir%byneﬁgegguggl Sﬁtt%rk% gﬁf?iﬁ
to prov dﬁ-@Pmﬂéedﬁagetﬁe%ﬁéﬁhP@ﬁmﬂs fppar shesviytydl cpeaker WSd0.
SInUlta]éﬁP%d%i%&%QHCIHQ B {égl tone waveform signals corresponding to
the tone area between the C#l1 note and C2 note (see Chll) are
produced as the musical sounds from the virtual speakers VS12,
vS10. However, due to the coefficients of the multipliers M2,

M3, the sound-image positions cofresponding to those notes are
placed close to the virtual speaker VS10. More specifically,
these sound-image positions are arranged on the line connecting
the virtual speakers VS12, VS10, but they are also located close
to the virtual speaker VS10. Further, the musical tone waveform
signals corresponding to the tone area between the C#2 note to F2
pote (see Chl2) are produced as the musical sounds from the
virtual speaker VS11. Similarly, the other musical tone waveform
signals corresponding to each the other tone areas (1.e., each of
the other channels) are eventually produced as the musical sounds
from the predetermined one or two virtual speakers at certain
sound-image positions. Thus, the sound-image positions
corresponding to the tone areas which are respectively arranged
from the lowest pitch to the highest pitch are sequentially
arranged from the left-side position to the right-side position
along with a circular line drawn about the performer P (see Fig.
1(B)). As a result, when the performer P sequentially depress
the keys from the lower pitch to the higher pitch, the sound-
image pdsitions are sequentially moved from the left-side
position to the right-side position along with the above-
nentioned circular line. In short, it is possible to control the
left/right and front/back positionings of the sound images.

On the other hand, when the circuit elements of the matrix
controller MTR1 are arranged and connected as shown in Fig. 2(A),
the musical tone waveform signals of each tone area are
eventually produced as the musical sounds from one or both of the
 virtual speakers VS10, VS13. Thus, the positioning control of
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soujds each having a different selfd-i mage It It [
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1(A). However, as comparing to the. state where qpe musical
sounds are merely produced from the left/right speakers SP(L),
SP(R), this example can improve the control of the front/back-
side sound broadened image.

As described heretofore, thé first embodiment is designed to
change the allocation manner of the musical tone waveform signals
by use of the matrix controller MIR1l, therefore, it is possible
to change over the control manner of the sound images with ease.

(3) Modified Example

Fig. 5 is a block diagram showing a modified example of the
foregoing first embodiment, in which there are provided eight
delay circuits DL50-DL57 used for emerging the virtual speakers.
In Fig. 5, the illustration is partially omitted, so that there
are also provided eight adders, in the matrix controller MIR1,
respectively corresponding to the above-mentioned eight delay
circuits DL50-DL57. According to the configuration of this
modified example, eight virtual speakers are emerged, SO that the
musical tone waveform signals can be adequately allocated to
these virtual speakers. Due to the provision of eight virtual
speakers, it is possible to perform the more precisely control on
the sound-image positions.

[(B] Second Embodiment
Next, description will be given with respect to the second
‘embodiment of the present invention by referring to Fig. 6,

wherein some parts corresponding to those of the foregoing first
embodiment are omitted.

In Fig. 6, numerals STR60-STRE5 designate respective tone
generators which are controlled by the MIDI signal (i.e., digital
signal of which format is based on the standard for Musical

&

//

heet Has Been Replaced

\\I|\|\\ WA




It isja further object of the presdsdt i nvention to provide a sound-i mage
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these tone generators STR60-STR65 are respectively supplied to
the delay circuits DL60-DL85 which are used for forming the
virtual speakers respectively. Then, the outputs of the delay
circuits DL80-DL65 are multiplied by the predetermined
coefficients respectively, so that some of the multiplied outputs
are added together in adders VSR1-VSR4, VSL1-VSL4, of which.
addition results are supplied to the cross-talk canceler 2.

According to the configufation of the above-mentioned second
embodiment, the output of each tone generator is produced as the
musical sound from certain virtual speaker. Thus, when
respectively connecting six strings of the guitar with six tone
generators STR60-STR65, it is possible to well simulate the
sound-producing manner of the guitar with respect to each string.
The reason whj such well simulation can be performed by the
second embodiment is as follows:

When the guitar is located close to the listener so that the
strings are also located close to the ears of the listener, the
listener can clearly discriminate the separate sound produced
from each string of the guitar. However, as the distance between
the listener and guitar becomes larger, the sound-separation
image of each string of the guitar becomes weaker. Therefore, in
the end, the sounds produced from all strings of the guitar will
be heard as one overall sounds which are produced from one sound-
production point. Thus, by adequately setting the delay times of
the delay circuits DL60-DL65 and the coefficients which are
multiplied with the outputs of the delay circuits DL60-DLE5, it
is possible to offer the image of the distance by which the
instrument is depafted from the listener.

In the meantime, it is possible to compute the distance
between the person and the virtual sound source which 1s emboﬁied
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posi i on control apparatus conpri s&6-a signal mxing portion and a

virt gal - speaker position control portion. Herein, the signal m xing portion
m xeq plural audio signals supplied thereto in accordance with a
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virt epebﬁ%tdf¥ection line of the head. In this case, it is
possible to compute distances "dr” and "dl" by the following
equations, wherein "dr" designates a distance between the sound
source and the right ear of the person, while "dl" designates a
distance between the sound sourcé and the left ear of the person.

dr2 = r2 + @2 - 2rd- siné ... (1)

d12 = r2 - 42 + 2rd- sin8 ... (2)
Thus, by computing these distances dr, dl1 with respect to each of
the strings, it is possible to determine the factors for
designing the delay circuits DL60-DL65 respectively.

Incidentally, in the aforementioned embodiments, it is
possible for the user to arbitrarily set the connection pattern
of ‘the matrix controller MTR1 and the coefficient applied to each
of the multipliers. Or, it is possible to store plural
connection patterns and plural values for each coefficient in
advance, so that the user can arbitrarily select one of them.

[C] Third Embodiment

Next, description will be given with respect to the third
embodiment of the present invention, in which the sound-image
position control apparatus 1 is applied to a game device 8, by
referring to Figs. 8 to 10.

Fig. 8 1is a block diagram showing an electronic
configuration of a game device 9. Herein, 10 designates a
controller which controls the_Joy—stick unit, tracking-ball unit
and several kinds of push-button switches (not shown) so that the
operating states of them are sent to a control portion 11. The
control portion 11 contains a central processing unit (i.e., CPU)
and several kinds of interface circuits, whereas it is designed
to execute the predetermined game programs stored in a program
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pemory 12. Thus, the game is in progress, while the overall
control of the game device is performed by the control portion
11. In the progress of the game, a working memory 13 1is
collecting and storing several kinds of data whichr are obtained
through the execution of the game programs. In response to the
game program to be executed, a visual image information memory 14
stores visual image data to be displayed, representing the
information of the visual images corresponding to character
images Cl1, C2, C3 (given with the general numeral "C") and
background images BGl, BG2, BG3 (given with the general numeral
"BG"). These character images may correspond to the visual
images of person, automobile, air plane, animal, or other kinds
of objects. The above-mentioned visual image data are read out
in the progress of the game, so that the corresponding visual
image is displayed at the predetermined position of a display
screen of a display unit 15 by the predetermined display size in
response to the progress of the game.

Next, a coordinate/sound-image-position coefficient
conversion memory 18 stores parameters by which the display
position of the character C in the display unit 15 1is located at
the proper position corresponding to the sound-image position in
the two-dimensional area. Fig. 9 shows a memory configuration of
the above-mentioned coordinate/sound-image-position coefficient
conversion memory 16. Fig. 10 shows a position relationship
between a player P of the game and the game device 9 in the two-
dimensional area. The X-Y coordinates of the coordinate/sound-
image-position coefficient conversion memory 18 as shown in Fig.
9 may correspond to the X-Y coordinates of the display screen of
the display unit 15. In Fig. 9, the output channel number CH of
a sound source 17 and some of the coefficients CM1-CM12 which are

used by the multipliers M1-M12 in the sound-image position

control apparatus 1 are stored at tpe memory area designated by
the X-, Y-coordinate values which indicates the display position
of the character C in the display unit 15. For example, at an
area designated by "AR", a value »13" is stored as the output
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The X/Y coordinates of the coordinate/sound-image-position

coefficient conversion memory 16 are set corresponding to those
of the actual'two-dimensional area shown in Fig. 10. In other
words, the display position of the character C in the display
unit 15 corresponds to the actual two-dimensional position of the
player as shown in Fig. 10. Thus, by adequately setting the
parameters, the sounds will be produced from the actual position
corresponding to the display position of the character C.
Incidentally, the memory area of the coordinate/sound-image-
position coefficient conversion memory 16 is set larger than the
display area of the display unit 15. In this case, the proper
channel number CH and some of the coefficients CM1-CM12 are '
memorized such that even if the character C is located at the
coordinates of which position cannot be displayed by the display
unit 15, the sounds are produced from the actual position
corresponding to the coordinates of the character C. Moreover,
the display position of the character C is controlled to be
automatically changed in response to the progress of the game on
the basis of the gaﬁe programs stored in the program memory 12,
or it is controlled to be changed in response to the manual
operation applied to the controller 10.

Next. the sound source 17 has plural channels, used for the
generation of the sounds, which are respectively operated in a

_ time-division manner. Thus, in response to the instruction given

from the control portion 11, each channel produces a musical tone
waveform signal. Such musical tone waveform signal is delivered
to the predetermined one or some of eight channels Ch10-Chl17 of

' the sound-image position control apparatus 1. Particularly, the

musical tone waveform signal reg&rding to the character C 1is
delivered to certain channel Ch which is designated by the
foregoing output channel number CH. As described before, this
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M1-M12 so as to control the sound-image positions of each channel

ch when producing the sounds from the speakers SP(L), SP(R).

According to the electronic configurations as described
heretofore, when the péower is applied to the game device 9, the
control portion 11 1s activated to execute the programs stored in
the program memory 12 so as to progress the game. In response to
the progress of the game, one of the background images BGl, BG2,
BG3 is selectively read from the visual image information memory
14 so that the selected background image is displayed on the
display screen of the display unit 15. Similarly, one of the
character images Cl, C2, C3 is selectively read out so that the
selected character image is displayed in the display unit 15.
Meanwhile, the control portion 11 gives an instruction to the
sound source 17 so as to produce the musical tone waveform
signals corresponding to the background music in response to the
progress of the game. In addition, the control portion 11 also
instructs the sound source 17 to produce the other musical tone
waveform signals having the musical tone characteristics (such as
the tone color, tone pitch, sound effects, etc.) corresponding to
the character C. Moreover, the control portion 11 reads out the
output channel number CH and coefficient CM (i.e., one or some of
CM1-CM12) from the memory area of the coordinate/sound-image-
position coefficient conversion memory 18 corresponding to the
display position of the character C in the display unit 15, and
then the read data are supplied to the sound source 17 and sound-
image position control apparatus 1 respectively. In this case,
the sound source 17 produces the musical tone waveform signal
corresponding to the character C, and this musical tone waveform
signal .is outputted to the sound-image position control apparatus
1 from the channel Ch which is deéignated by the output channel
humber CH. The other musical tone waveform signals are also
outputted to the sound-image position control apparafus 1 from
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the sound-image position of each channel is controlled to be

fixed responsive to the coefficient CM, and consequently, the

pusical sounds are produced from the speakers SP(L), SP(R) at the
fixed sound-image positions.

When the player P intentionally operates the controller 10
to move the character C, the control portion 11 is operated so
that the display position of the character C displayed in the
display unit 15 is moved by the distance corresponding to the
manual operation applied to the controller 10. In this case, new
output channel number CH and coefficient CM are read from the
memory area of the coordinate/sound-image-position coefficient
conversion memory 18 corresponding to the new display position of
the character C, and consequently. these data are supplied to the
sound source 17 and sound-image position control apparatus 1
respectively. Thus, the actual sound-image position is also
moved responsive to the movement of the character C.

According to the present embodiment, when the character C
representing the visual image of the air plane is located outside
of the display area of the display unit 15 and such character C
is moved closer to the player P from his back, the character C is
not actually displayed on the display screen of the display unit
15. However, since the foregoing coordinate/sound-image-position
coefficient conversion memory 16 has the memory area which 1is
larger than the display area of the display unit 15, the sounds
corresponding to the character C are actually.produced such that
the sounds are coming closer to the player P from his back. As a
result, the player P can recognize the existence and movement of
the air plane of which visual image is not actually displayed.
This can offer a brand-new live-audio effect which cannot be
obtained from the conventional game device system.
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The abpve-nentioned scene-identifieation signal producing portion outputs a
scene-) dentification signal in response to a scene represented by the video
signal} The sound-image forming portion perforns the predetern ned
procespings on the audio signals so as to drive the speakers. Under effect

of such sign
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system. Of course, the present invention is no§ limited to it,

so that the present embodiment can be modified to manage the
movement of the character C in the three-dimensional coordinate
system. In such modification, number of the actual speakers are

increased, and they are arranged in the three-dimensional space.

In the present embodiment, the X/Y coordinates of the
display unit 15 are set corresponding to those of the actual two-
dimensional area. However, this embodiment can also modified to
simulate the game of the automobile race. In-this case, only the
character C which is displayed in front of the player P is
displayed in the display unit 15 by matching the visual range of
the player P with the display area of the display unit 15.

[D] Fourth Embodiment

Next, the description will be given with respect to the
fourth embodiment of the present invention, wherein the sound-
image position control apparatus is modified to be applied to the
movie system, video game device (or television game device) or
so-called CD-I system in which the sound-image position is
controlled responsive to the video image.

Before describing the fourth embodiment in detail in
conjunction with Figs. 11 to 13, the description will be given
with respect to the background of the fourth embodiment by
referring to Figs. 14 and 15.

First of all, the so-called binaural technique is known as
the technique which controls and fixes the sound-image position
in the three-dimensional space. . ﬁccording to the known
technique, the sounds are recorded by use of the microphones
which are located within the ears of the foregoing dummy head, so
that the recorded sounds are reproduced by use of the headphone
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portio& controls the contents of thasgsignal processings so as to change

over } e fixed sound-inmage position in response to the scene-identification
si gnal .

set so as to recognize the sound-image position which is fixed at
the predetermined position in the three-dimensional space.
Recently, some attempts are made to simulate the tone area which
is formed in accordance with the shape of the dugmy head. In
other words, by simulating the transfer function of the sounds
which are transmitted in the three-dimensional space by use of
the digital signal processing technique, the sound-image position
is controlled to be fixed in the three-dimensional space.

The coordinate system of the above-mentioned three
dimensional space can be defined by use of the illustration of
Fig. 14. In Fig. 14, "r" designates a distance from the origin
"0"; ¢ designates an azimuth angle with respect to the
horizontal direction which starts from the origin "0"; @
designates an elevation angle with respect to the horizontal area
containing the origin "0", thus, the three-dimensional space can
be defined by the polar coordinates in the space. When locating
the listener or dummy head at the origin O, its front direction
can be defined as ¢ =0, whereas its left-side direction is
defined by ¢ >0 and its right-side direction is defined by ¢ <0.
In addition, the upper direction is defined by 6 >0.

As a model which controls and fixes the sound-image position
in the three-dimensional space by use of the digital signal
processing technique, the dummy head is located at the origin O
and then the impulse signal is produced from the predetermined
point A, for example. Then, the responding sounds corresponding
to the impulse signal are sensed by the microphones which are
respectively located within the ears of the dummy head. These
sensed sounds are converted into the digital signals which are
recorded by some recording medium. These digital signals
represent two impulse-response data respectively corresponding to
the sounds picked up by the left-side and right-side ears of the
dummy head. These two 1mpulse-re§ponse data are converted 1into
the coefficients, by which two finite-impulse response digital
filters (hereinafter, simply referred to as FIR filters) are
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respectively given. In this case, the audio signal of which
sound-image position is not fixed is delivered to two FIR
filters, through which two digital outputs are obtained as the
left/right audio signals. These left/right audiotsignals are
applied to left/right inputs of the headphone set, so that the
listener can hear the stereophonic sounds from this headphone set
as if those sounds are produced from the point A. By changing
this point A and measuring the impulse response, it 1s possible
to obtain the other coefficients for the FIR filters. In other
words, by locating the point A at the desirable position, it is
possible to obtain the coefficients for the FIR filters, by which
the sound-image position can be fixed at the desirable position.
The above-mentioned technique offers an effect by which the
three-dimensional sound-image position is determined by use of
the sound-reproduction system of the headphone set. The same
effect can be embodied by use of the so-called two-speaker sound-
reproduction system in which two speakers are located at the
predetermined front positions of the listener, which is called a
cross-talk canceling technique.

According to the cross-talk canceling technique, the sounds
are reproduéed as if they are produced from certain position
(i.e., position of the foregoing virtual speaker) at which the
actual speaker is not located. Herein, two FIR filters are
required when locating one virtual speaker, hereinafter, a set of
two FIR filters will be .called as a sound-directional device.

Fig. 15 is a block diagram showing an example of the
virtual-speaker circuitry which employs the above-mentioned
sound-directional device. In Fig. 15, 102-104 designate sound-
directional devices, each of which contains. two FIR filters.

This drawing only illustrates three sound-directional devices
102-104, however, there are actually provided several hundreds of
the sound-directional devices. Thus, it is possible to locate
hundreds of virtual speakers in a close-tight manner with respect
to all of the directions of the polar-coordinate system. These

<
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distances r. A selector 101 selectively delive;s the input
signal to one of the sound-directional devices such that the
sounds will be produced from the predetermined one of the virtual
speakers, thus controlling and fixing the sound-image position in
the three~dimensional space. Incidentally, adders 105, 106

output their addition results as the left/right audio outputs
respectively.

The above-mentioned example can be modified such that one
sound-directional device is not fixed corresponding to one
direction of producing the sound. In other words, by changing
the coefficients of the FIR filters contained in one sound-
directional device, it is possible to move the sound-image
position by use of only one sound-directional device.

In the meantime, some movie theater employs so-called
surround acoustic technique which uses four or more speakers.
Therefore, the sounds are produced from one or some speakers in
response to the video image.

When embodying such surround acoustic technique by use of
the former virtual-speaker system providing hundreds of sound-
directional devices, 1t is necessary to provide hundreds of FIR
filters, which enlarges the scale of the system so that the cost
of the system will be eventually raised up. Even in the case of
the latter system which provides only one sound-directional
device, it is necessary to provide hundreds of coefficients used
for the FIR filter, which is not realistic. Because, it is very
difficult to control or change so many number of coefficients in
8 real-time manner. Further, when embodying the foregoing.
Surround acoustic technique in the movie theater, it is necessary
o provide a plenty of amplifiers and speakers, which eventually
Tfalses the cost of the facilities.
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arrangenment of circuit elements jgg.a matrix controller; Fig. 2(B) is a
plap view illustrating another exanple of the position relationship between
éhe performer and speakers; Fig. 3(A) is a block diagram show ng a

et

il ed electronic configuration of a cross-talk cancel er shown in Fig.
1(A
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Or IR A thPeabEaTmBAEOLE! e (e ddbn P 15%eRE1bAYENFELN 11 is a
block diagram showing the whole configuration of the video game
system. Herein, a game device 21 is designed to produce a video
signal VS, a left-side musical tone signal ML, a right-side
musical tone signal MR, a sound effect signal EFS, a panning
signal PS and a scene-identification signal SCS. When receiving
the sound effect signal EFS, panning signal PS and scene-
jdentification signal SCS, a sound-image position control
apparatus 22 imparts the fixed sound image to the sound effect
signal EFS, thus producing two signals EFSL, EFSR. Then, an
adder 25 adds the signals EFSR and MR together, while an adder 28
adds the signals EFSL and ML together. The results of the
additions respectively performed by the adders 25, 26 are
supplied to an amplifier 24. The amplifier 24 amplifies these
signals so as to respectively output the amplified signals to
left/right loud-speakers (represented by 43, 44 in Fig. 13). In
the meantime, the video signal VS is supplied to a video device
23, so that the video image is displayed for the person.

The game device 21 is configured'as the known video game
device which is designed such that responsive to the manipulation
of the player of the game, the scene displayed responsive to. the
video signal VS is changed or the position of the character image
is moved. During the game, the musical tone signals ML, MR are
outputted so as to playback the background music. In addition,
to this background music, the other sounds are also produced.

For example, the sounds corresponding to the character image
%hich is moved responsive to the manipulation of the player, or
the other sounds corresponding to the other character images
¥hich are automatically moved under control of the control unit
dui1t in the game device 21 are produced by the sound effect
Sgnal EFS. 1In case of the game of the automobile race, the
*igine sounds of the automobiles are automatically produced.
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Fig. p is a block diagram show ng28-nodi fi ed exanple of the first

enbod] nent : Fig. 6 is a block diagram show ng an el ectronic
configuration of a sound-inage position control apparatus according to a
seconfl enbodi nent of the present invention; Fig. 7is a dramﬁng
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SCS is produced as the information representing the changed
gscene. Such scene-identification signal SCS is stored in advance
within a memory unit (not shown) which is built in the game
device 21. More specifically, this signal is stored at the
predetermined area adjacent to the area storing the data
representing the background image with respect to each scene of

the game. Thus, when the scene is changed, this signal is
simultaneously read out.

On the other hand, the panning signal PS represents certain
position which is located between two virtual speakers. By
varying the value of this panning signal PS between "0" and "1",
it is possible to freely change the sound-image position
corresponding to the sound produced responsive to the sound
effect signal EFS between two virtual speakers. In the present
embodiment, the programs of the game contain the operation
routine for the panning signal PS, by which the panning signal PS
is computed on the basis of the scene-identification signal SCS
and the displayed position of the character image corresponding
to the sound effect signal EFS. Of course, such computation of
the panning signal PS can be omitted, so that in response to the
Pposition of the character, the game device 21 automatically reads
out the panning signal PS which is stored in advance in the
memory unit. Incidentally, the present embodiment is designed
such that two virtual speakers are emerged, which will be
described later in detail.

Fig. 12 1is a block diagram showing an internal configuration
of the sound-image position control apparatus 22. Herein, a
tontrol portion 31 is configured as the central processing unit
(1.e,, CPU), which performs the overall control on thls apparatus
2. This control portion 31 receives the foregoing scene-
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I nvgntion is applied; Fig. 94w a drawi ng show ng a two-di nensi onal
e y map of a coordi nat e/ sound-i nage-position coefficient conversion
me y shown in Fig. 8: -

identification signal SCS and panning signal PS. A coefficient
memory 32 stores the coefficients of the FIR filters. As
described before, the impulse response is measured with respect
to the virtual speaker which is located at the degirable
position, so that the above-mentioned coefficients are determined
on the basis of the result of the measurement. In order to
locate the virtual speaker at the optimum position corresponding
to the scene of the game, the coefficlents for the FIR filters
are computed in advance with respéct to several positions of the
virtual speaker, and consequently, these coefficients are stored
| at the addresses of the memory unit corresponding to the scene-
identification signal SCS. As described before, each of sound-
directional devices 33, 34 is configured by two FIR filters. The
coefficient applied to the FIR filter can be changed by the
coefficient data given from the control portion 31.

In response to the scene-identification signal SCS, the
control portion 11 reads out the coefficient data, respectively
corresponding to the virtual spéakers L, R, from the coefficient
memory 32, and consequently, the read coefficient data are
respectively supplied to the sound-directional devices 33, 34.
¥hen receiving the coefficients, each of the sound-directional
devices 33, 34 performs the predetermined signal processing on
the input signal of the FIR filters, thus locating the virtual

Speaker at the optimum position corresponding to the scene-
identification signal SCS.

The sound effect signal EFS is allocated to the sound-
directional devices 33, 34 via multipliers 35, 36 respectively.
These multipliers 35, 36 also receive the multiplication
Coefficients respectively corresponding to the values "PS", "1-
Ps"i’rom the control portion. Herein, the value "PS" represents
the value of the panning signal PS, while the value "1-PS"
fePresents the one's complement of ‘the panning signal PS. The
Ntputs of first FIR filters in the sound-directional devices 33,
are added together by an adder 37, while the other outputs of
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Fig.

10 is a plan view illustratiyag-a position rel ationship

second FIR filters in the sound-directional devices 33, 34 are
added together by another adder 38. Therefore, these adders 37,
38 output their addition results as signals for the speakers 43,

44 respectively. These signals are supplied to a gross-talk
canceler 39. -

The cross-talk canceler 39 is provided to cancel the cross-
talk component included in the sounds. For example, the cross-
talk phenomenon must be occurred when producing the sounds from
the speakers 43, 44 in Fig. 13. Due to this cross-talk
phencmenon, the sound component produced from the left-side
speaker affects the sound which -is produced from the right-side

speaker for the right ear of the listener, while the sound

component produced from the right-side speaker affects the sound
which is produced from the left-side speaker for the left ear of
the listener. Thus, in order to cancel the above-mentioned
cross-talk components, the cross-talk canceler 39 performs the
convolution process by use of the phase-inverted signal having
the phase which is inverse to that of the cross-talk component.
Under operation of this cross-talk canceler 39, the outputs of
the sound-directional device 33 are converted into the sounds
wvhich are roughly heard by the left ear only from the left-side
speaker, while the outputs of the sound-directional device 34 are
converted into the sounds which are roughly heard by the right
ear only from the right-side speaker. Such sound allocation can
roughly embody the situation in which the listener hears the
sounds by use of the headphone set.

Meanwhile, the cross-talk canceler 39 receives a cross-talk
bypass signal BP from the control portion 31. This cross-talk’
bypass signal BP is automatically produced by the control portion
31 when inserting the headphone plug into the headphone jack (mot
shown). When the headphone plug is_not inserted, the c;oss-talk
bypass ‘signal BP is turned off, so that the sounds are- reproduced
from two speakers while canceling the cross-talk components as
lescribed before. On the other hand, when the headphone plug 1is

2
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betyeen the player and ganme dew2Se; Fig. 11 is a bl ock di agram show ng
an ¢l ectronic configuration of a video game system Fig. 12 is a block
dlaéran1shomnng an electronic configuration of a sound-inage position
confrgkefpedl athe, cBb$swtalll dargpellihg opevation i® anftued h soriuhditnent of

the | esehlnbINCREL koo s o R eak3 eaaBn8ha"seg +14k Al thet posi i on

| oud ers and €0 Sscreen;
gounds are reproduced.

<
Next, the description will be given with respect to the

pethod how to control and fix the sound-image position by the
panning signal PS. When the value of the panning signal PS is
equal to zero, the foregoing sound effect signal EFS is supplied
to the sound-directional device 34 bnly. Thus, the sound-image
position is fixed at the position of the virtual speaker (1i.e.,
position of the speaker 45 in Fig. 13) which is located by the
soﬁnd-directional device 34. On the other hand, when the value
of the panning signal PS is at "1", the sound effect signal EFS
i{s' supplied to the sound-directional device 33 only, and
consequently, the sound-image position 1s fixed at the position
of the virtual speaker (i.e., position of a speaker 46) which 1s
located by the sound-directional device 33. When the value of
the panning signal PS is set at a point between *0" and "1", the
sound-image position is fixed at an interior-division point

corresponding to the panning signal PS between the virtual
speakers 45, 46.

(b) Operation of Fourth Embodiment

Next, description will be given with respect to the
operation of the fourth embodiment by referring to Fig. 13. In
Fig. 13, a player 41 is positioned at the center, whereas the
left-side speaker 43 is located at the left/front-side position
from the player 41 which is defined by ¢ =45° , @ =0° , r=1.5m,
vhile the right-side speaker 44 is located at the right/front-
side position from the player 41 which is defined by ¢ =-45° ,
8 =0° , r=1.5m. In front of the player 41, there is located a
display screen 42 of the video device 23. In the present
embodiment, this display screen 42 has a flat-plate-like shape,
lIOWever, it is possible to form this.screen by the curved surface
Yhich surrounds the player 41.
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Fig. 1f illustrates a polar-coordisg-e éysten1mhich Is used for defining a
t hree- fli nensi onal space; and Fig. 15 is a bl ock diagram show ng a
typi caj exanple of a virtual -speaker system of which concept

the fofrth eghodiRBab:; th NoYer dgis P1iaRls| tReVghhe bEndi st dxijmapmmepliedtto
to the enbogghents 0 e 3 Eéesentrlnvegilon bewrg‘e;:grrl(g t ot fgé ;yamnﬁgs
wher ei § ath&her Festern ﬁéd beriaves rel'}rht"ibéﬁsﬁl% € s ?|§ bet vieen

per f or fesutpured thie iseehedldentif bsatiunvsiignali §CS to the control
portion 31 in the sound-image position control apparatus 22,
wherein this scene-identification signal SCS has the
predetermined scene-identifying value, e.g., four-bit data
»0111". Then, the control portion 31 reads out coefficient data
(L, corresponding to the scene-identification signal SCS, from
the coefficient memory 32, whereih this coefficient data CL
represents the coefficient for the FIR filter which corresponds
to the position of the left-side virtual speaker 45 (defined by
¢ =85° , 8 =0° , r=3.5m). This coefficient data CL is supplied
to the sound-directional device 33. In additionm, the control
portion 31 also read out another coefficient data CR representing
the coefflicient for the FIR filter which corresponds to the
position of the right/upper-side virtual spedker 46 (defined by
¢ =-40° , 8 =65° , r=15.0m). This coefficient data CR is
supplied to the sound-directional device 34. Thus, the virtual
speakers 45, 46 are located at their respective positions as
shown in Fig. 13.

The game device 21 produces the musical tone signals ML, MR
which are sent to the speakers 43, 44 via the adders 25, 26 and
amplifier 24, whereas the music which 1is suitable for the duel
scene 1s reproduced, while the other background sounds such as
the wind sounds are also reproduced, regardless of the sound-
image position control. In response to a shot action of a
gunfighter which is the displayed image and plays an enemy role
for the player 41 in the gunfight game, the sound effect signal
EFS representing a gunshot sound l1s supplied to the sound-image
position control apparatus 22. In this case, if the value of the
Panning signal PS is equal to zero, the gunshot is merely sounded
from the position of the virtual speaker R46. Such sound effect
corresponds to the scene in which the gunfighter shoots a gun by
aiming at the player 41 from the second floor of the saloon. On
the other hand, if the value of the panning signal PS is equal to
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f.nlnmLhe description. the lateral-adi-rection indicates an arrow direction
a", ile the Iongltudlnal direction indicates an arrow direction "b" as
shown in Fig. 4. [A] First Enbodinment (1) Configuration Fig. 1(B)

|(Is a p! ap~Vvi eHei FhaShé Bindld e RJundedn 1nr ¢hat seemd i in itiwkerthe person M

Chocicot BERFORHECE, £0% e € Y ogBi1 G B o A v i ng
" player 41 and then the gunfighter shoots a gun at the player 4

: If the value of the panning signal PS is set at certain value

' petween "O0" and "1", the gunfighter is placed at certain

. interior-division point on the line connected between the virtual

speakers 45, 46, and then the gunshot is sounded.

The game device 21 1is designéd such that even 1In the same

duel scene of the Western, every time the position of the enemy
is changed, new scene-identification signal SCS (having a new
. binary value such as "1010") is produced and outputted to the
%sound-image position control apparatus 22. In other words, the
f change of the position of the enemy is dealt as the change of the
. scene. Thus, the virtual speakers will be located again in
: response to the new scene.

Other than the above-mentioned Western game, the game device
21 can also play the automobile race game. Herein, the game
device 21 outputs a new scene-identification signal SCS (having a
binary value such as "0010"), by which the control portion 31
reads out two coefficient data respectively corresponding to the
right/front-side virtual speaker and right/back-side virtual
speaker. These coefficient data are respectively supplied to the
sound~-directional devices 33, 34. In this case, the foregoing
signals ML, MR represent the background music and the engine
sounds of the automobile to be driven by the player 41. Further,
the foregoing signal EFS represents the engine sounds of the
other automobiles which will be running in the race field as the
displayed images. On the basis of the foregoing operation
routine, the panning signal PS is computed and renewed in
response to the position relationship between the player’'s
automobile and the other automobiles. If another automobile is
running faster than the player's automobile so that amother
automobile will get ahead of the player's automobile, the value
°f the panning signal PS is controlled to be gradually increased

b
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pl ur keys. wherein when depressifig a key, a tone generator (not shown)
produfes a nusical tone waveform signal having the pitch corresponding to
t he depressed key. SP(L) and SP(R) designate left and right speakers

r espeg ta-ygl yowThsselspeaﬁaé qor(L%esspo?Ds(eR)toa'i:ﬁer séeﬁ&tnv%m{rmrat the

rede ern1ne Ie t-sid € positions th er
Fhe i le gets ahead of the playegjs automobgle. the' g%un&xgtlon of
position of the engine sound of another automobile is controlled
to be gradually moved ahead. ' Y

As described above, the fourth embodiment is applied to the
game device. However, it is possible to modify the present
embodiment such that the sound-image position control is
performed in response to the videa scene played by the video disk
player. Or, it is possible to apply the present embodiment to
the CD-I system. In this case, the foregoing scene-
ijdentification signal SCS and panning signal PS can be recorded
at the sub-code track provided for the audio signal.

Further, the present embodiment uses two sound-directional
devices, however, 1t 1s possible to modify the present embodiment
such that three or four sound-directional devices are provided to
cope with more complicated video scenes. In this case, the
complicated control must be performed on the panning signal PS.
However, it is not necessary to provide hundreds of sound-
directional devices, or it is not necessary to simultaneously
change hundreds of coefficients for the FIR filters.

Moreover, the sound-directional device of. the present
embodiment is configured by the FIR filters, however, this device
can be configured by the infinite-impulse response digital
filters (i.e., IIR filters). For example, the so-called notch
filter is useful when fixing the sound-image position with
respect to the elevation-angle direction. Further, it 1s also
known that the band-pass filter controlling the specific
frequency-band is useful when controlling the sound-image
Position with respect to the front/back direction. When
embodying such filter by use of the IIR filters, the fixing
degree of the sound-image position may be reduced as compared to
the FIR filters. However, the IIR filter has a simple
] configuration as compared to the FIR filter, so that the number

b
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-7- Fig. 1(A) is a block diaggam show ng an el ectronic configuration
of a dqound-inmage position control apparatus L

of the coefficients can be reduced. In short, the IIR filter is
advantageous in that the controlling can be made easily.

Lastly, this invention may be practiced or empodied in still
other ways without departing from the spirit or essential
character thereof as described heretofore. Therefore, the
preferred embodiments described herein are illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims and all variations'which come within the meaning
of the claims are intended to be embraced therein.
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according to a first enbodi ment of_gihe pre§éﬁT‘TﬁV€ﬁfraﬁ——Tﬁri apparatus 1
provi ges ei ght channels respectively denoted to Chl7
(gived with a general nuneral "Ch"). wherei nmnmmlmm“]m‘ﬂm recei ves the
musi cdl Lﬁ? fgwavef or m si gnal produced from the ténet geherat or. hé(//p
Speci f§i cal Ty. the nusical tone waveform signal supplied to each chnnel
has tHe al |l ocated frequency donai n correspondi ng to sone nusical notes

(hereijnafter A setndrbfage Iﬁcssiﬂe:mldmmdappaeaameagharacterilmde by
speC|f|c%hb¥is&H§ all ocation of the tone.areas is given
, a signal mixing means (MTR1l) for mixing plural audio signals
i supplied thereto in accordance with a predetermined signal mixing
: procedure so as to output plural mixed signals; and

a virtual-speaker position control means (DL10-DL13, KL10-
KL13, KR10-KR13, AD10-AD13) for Epplying different delay times to
{ each of said plural mixed signals so as to output delayed signals
é as right-side and left-side audio signals to be supplied to
. right-side and left-side speakers (SP(R), SP(L)), thus
: controlling sound-image positions formed by virtual speakers
é (VS10-VS13) to be emerged as sound-producing points each of which
. virtually produces sounds corresponding to each of said plural
mixed signals,

whereby sounds applied with a stereophonic effect and a
clear sound-image discrimination effect are to be actually
produced from said right-side and left-side speakers as if the
sounds are virtually produced from said virtual speakers of which
positions are determined under control of said virtual-speaker
position control means. '

Ch

2. A sound-image position control apparatus characterized by
comprising: '

a first mixing means (MTR1) for mixing plural audio signals
supplied thereto in accordance with a predetermined signal mixing
procedure so as to output plural mixed signals;

a plurality of delay means (DL10-DL13) each having two delay
times, each of said delay means delaying one of said plural mixed
signals by said two delay times respectively so as to output two
delayed signals as right-side and left-side delayed signals
respectively used for right-side gpd left-side speakers (SP(R),
SP(L)); and
a second mixing means (KL10-KL13, KR10-KR13, AD10-AD13) for
ixing said right-side delayed signals respectively outputted

@
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as fPpllows: the nusical tone wawggerm signal of mhicd

_ |”H HH o]

to the !owest-pltch not e to.CI note is supplied to t l“ﬂllj L! MJJ!M“H pi Inceis
t he si cal tone waveform signal of which tone area corresponds to C#l note

: 8 ¢P6heshBa 5%'%9%&.@'&:}‘ Qo f&lcalsaﬁaahsOea tReFidardsy, td s tiowike 2ar ea of CH2

|s aII

d hann Chl 2 n
all o é#éﬁtfﬁ gqé% aﬁﬁesfﬁﬂgda?gﬁigkﬁﬁigﬁ$o §F?§xﬁ%. cated to
t he fgaldell.eﬁm-dide Iﬁelamexl avignadis Esgetberse sas| f NG & hannel

Chls %H@ Eﬁﬁfoaéféngi §E§4tﬂé% d 1§hEQ§§&€daﬁd)Iéﬁp*ﬂtﬂdﬂspeaheﬁs and
t he area corr not e
produce sounds, applied with a stereophonic effect, on the basis
of said right-side and left-side audio signals,
whereby a plurality of virtual speakers (VS10-VS13) are
emerged as sound-producing points of which positions are

controlled by said plurality of delay means.

3. A sound-image position control apparatus characterized by
comprising:

a sound source means (17) for generating plural audio
signals;

_ ~a virtual-speaker position control means (DLlO -DL13, KL10-
KL13, KR10-KR13, AD10-AD13) for receiving said plural audio
signals and then applying different delay times to each of said
plural audio signals so as to output delayed signals as right-
side and left-side audio signals to be supplied to right-side and
left-side speakers (SP(R), SP(L)), thus controlling sound-image
positions formed by virtual speakers (VS10-VS13) to be emerged as
sound-producing points each of which virtually produces sounds
corresponding to each of said plural audio signals; and

a display means (15) for displaying a predetermined animated
image on a display screen thereof, sald animated image
corresponding to the sounds to be virtually produced from each of
said virtual speakers, wherein a display position of said
animated image corresponds to a position of the sound-producing
point embodied by said virtual speakers so that the position of
the sound-producing point corresponding to said animated image 1s
moved in accordance with a movement of said animated image on the
display screen of sald display means.

A 4. A sound-imagé position control.apparatus as defined in claim
1 wherein said signal mixing means is a matrix controller (MTR1)
ctontaining plural multipliers (M1-M12) and plural adders (IN10O-
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the iy ghest-pitch note is allocatgg-to the channel

ML2 signate nultipliers which nmultiply the nusical iﬂl’"l\uuumwmuluﬁl}al
3upp| ed thereto by respective coefficients CML to cMLZ. fN1b t'b I'N13
re! F3heas g fuieaclofiiedEISD JANET of BfinfEbE boePl L amecnidngs | HUS,

ers M to M2.
LN13 fmd tBhanrbrBEehef @05tfﬂﬁieﬂ%?%@%éﬁﬁF@&ufﬁgetherolnto aaggfﬁfxlNlo ‘e

contrpller MIRL. Herein, the connection relationshi
_ i p and arrangenent
rel aty onshi p anong those elenments of the matrix P )

Y
5. A sound-image position control apparatus as defined in claim
1 wherein said virtual-speaker position control means further

comprises:

a plurality of delay circuits (DL10-DL13) each having two
delay times, wherein each of said plurality of delay circuits
! delays one of said plural mixed signals by two delay times
i respectively so as to output two delayed signals; and

an allocation ratio applying means (KL10-KL13, KR10-KR13,
AD10-AD13) for applying a predetermined allocation ratio to sald
delayed signals, thus allocating them as said right-side and
left-side audio signals to be respectively supplied to said
right-side and left-side speakers.

6. A sound-image position control system characterized by
comprising: :

a means (21) for producing a video signal and an audio
signal which are related to each other;

a scene-identification signal producing means (21) for
producing a scene-identification signal (SCS) corresponding to
each scene of a display image:

a plurality of speakers (43, 44);

a sound-image forming means (33, 34) for driving said
speakers by performing a predetermined signal processing on sald
audio signal so as to form a sound image at a desirable position
which is not only located within linear space connected between
sald speakers; and '

a control means (31) for changing over. the contents of the
signal processing in response. to said scene-identification signal
so as to control and fix a sound-image position of said audio
signal.

7. A sound-image position control system characterized by

@
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" and the 11ke. ineidentally e detailed oxpl MMM - x
oller MIRL will be given later. Meanwhi | e,” D10t o DLSL3 *
Qg%ﬁﬁgf%gx¥&agcuEgihmhgghthresEectiver del ays the outputs of the
rent danagudiefwideo 1nformé¥?on?%rggﬁcggéRﬁgaﬁéﬁfgfyﬂf%reach having a
producing a video signal and an audio signal which are related to

each other, said means also producing a scene-idertification

signal (SCS) corresponding to each scene of a display image which

is displayed by a display unit (23, 42);

at least two speakers (43, 44) which are respectively
located at predetermined positions;

a sound-image forming means i33, 34) for performing a
predetermined signal processing on said audio signal so that said
apparatus forms a sound image at a2 desirable position in a three-
dimensional space surrounding a person who watches the display
image; and

a control means (31) for changing over the contents of the
signal processing in response to said scene-identification signal
so as to control a sound-image position of said audio signal.

8. A sound-image position control system as defined in claim 7
wherein said sound-image forming means includes at least two
virtual-speaker position control means (33, 34) which
respectively perform predetermined signal processings
corresponding to said scene-identification signal on said audio
signal so as to form at least two virtual speakers by which the
sound image corresponding to said audio signal is formed.

9. A sound-image position control system as defined in claim 8
wherein said audio/video information producing means also
produces a panning signal (PS) by which the sound-image position
i{s located at certain interior-division point in linear space

~ connected between said virtual speakers.

10. A sound-image position control system as defined in claim 7
wherein said sound-image forming means is configured by use of a
finite-impulse response digital filter (1.e., FIR filter).

11. A sound-image position control apparatus characterized by
-+
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at least two virtual-speaker means (DL10-DL13, KL10-KL13,
KR10-KR13) each of which outputs plural signals;

an allocation means (MTR1) which receives am input signal
thereof so as to allocate it to said virtual-speaker means;

addition means (AD10-AD13) for adding plural output signals
of said virtual-speaker means; and

a plurality of real-speaker means (SP(L), SP(R)) for '
producing sounds corresponding to addition results of said
addition means.

12. A sound-image position controllapparatus as defined in claim
11 further providing a cross-talk canceling means {XTC) between
said addition means and said plurality of real-speaker means,

'said cross-talk canceling means canceling a cross-talk phenomenon

which is occurred between sounds produced from said plurality of
real-speaker means.
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The si gnal outputted froma first €3@put termnal TL10 of the delay circuit
DL10 ig multiplied by the predeterm ned coefficient by a nultiplier KL10,
and thgn the nultiplied signal is supplied to a first input (i.e.. input
for thq ABSTRAOTte speaker) of a cross-talk canceler 2 via an adder AD10

t he otger hand, the signal outputted froma second output term nal TR1070f
the deljay circuit DL10 is nultiplied by the predeterm ned coefficient by a
mul ti ply er KR1O, and then the multiplied signal

In order to obtain a sound-broadened image ,and a clear
sound-image discrimination image when producing plural kinds of
Jsounds, the electronic musical instrument and the like provides a
sound-image position control apparatus. This apparatus at least
provides a signal mixing portion (e.g., matrix controller; MTR1)
and a virtual-speaker position control portion (DL10-DL13, KL10-
KL13, KR10-KR13, AD10-AD13). Herein, the signal mixing portion
mnixes plural audio signals supplied from a sound source (17) and
the like in accordance with a predetermined signal mixing
procedure so as to output plural mixed signals. In order to
control positions of virtual speakers (VS10-VS13) which are
emerged as sound-producing points as if each kind of sounds is
produced from each of these points, the virtual-speaker position
control portion applies different delay times to each of plural
mixed signals so as to output delayed signals as right-side and
left-side audio signals to be respectively supplied to right-side
and left-side speakers (SP(R), SP(L)). Thus, the sound-image
positions formed by the virtual speakers are controlled well, so
that the person can clearly discriminate and recognize each of
the sound-image positions. When applying this apparatus to the
game device providing a display unit which displays an animated
image representing a visual image of the air plane and the like,
by adequately controlling the sound-image position, it is
possible to obtain a brand-new live-audio effect, by which the
point of producing the sounds corresponding to the animated image
can be moved in accordance with the movement of the animated
image which is moved by the player of the game.
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put for the right-side speaker) of +

is s@pplied to a second input (i. 61/13
the @ross-tal k canceler 2 via adder's 12, ADL3. Simlarly, the
signgl .outputted froma first term nal TLII of the delay circuit DLII is

evenfual | y supplied to the first input of the cross-talk canceler 2 via
mul tigpl i er KL11 and the adder AD10, while another signal outputted fro

secorjd term nal TR11 of the delay circuit DLII is eventually suppliedto
the decond |np-u-t--of-{- ~cross- T4lf) cancelTR1Q via a nultiplier KRL1 and the
addergs AD12, 19ngna| oNtputted fgoma first ¢
CH10 DL10
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AD10, whil e another signal

hal TL12 of the delay circuit 943 is eventually supplied to the first
of the cross-talk canceler 2 via a multiplier KL12 and the adder

outputted froma second terni na
lay circuit DL12 is eventually supplied to the second input of the -

TR12 of

tal k canceler 2 via a multiplier KR12 and the adder AD13. Lastly, the

sign outputted froma first termnal TL13 of the delay circuit DL13 is
eventfal ly supplied to the first input of the cross-talk canceler 2 via a
multiplier K f and the adders AD11, ADI 0; while another signal outputted
fromhp seﬁqwa} rmnal TR13 of the del ay
M2
CH11
M3 :
M4 +le DL10
CH12 .
Ty T ’c(]
M6 o .
CH13 1 XTC) |
M7 |
M8 wi(
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cirquit DL13 is eventually supplig@{cithe second input of the cross-talk
candeler 2 via a nultiplier KL13 and the adder AD13. The

aboje-mentioned cross-tal k canceler 2 is designed to cancel the cross-talk
sourjds whi ch are energed when the person hears the sounds with his both
eard. In other words, this is designed to elimnate the cross-talk

pherjorrenon in which the right-side sound is entered into the left ear,
whi lje the left-
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side sound is entered into the right egg/ E{g. 3(A) shows an exanple of the
circuitry of this cross-talk canceler 2~ *h s circuit is designed on the

basis of the transfer function of head which is obtained through the study
of the sound transm ssion between the human ears and dummy head (i.e.,
virtual sinulation nodel of the human head). On the basis of the
experinmental val ues obtained through the transfer function of head, the

st udy
STR60
STR61 H
SP(R)
STR62 H DL6
MiDl | ~
SIGNAL ' XTC:
STR63 f:ff)
STR64
{STR65 H_DL65 vs1.4?
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FIG.6 (SECOND EMBODIMENT)
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I's qade to conpute the sound-arriv I/{i‘rre di fferences between the left and
right ears and the peak val ues of the inpul se response of the transfer

fungtion. In response to these values, this circuitry performs the del ay

operiati ons and wei ght functional cal ucul us. The observation is nade
on t

he nodel wherein both of the speakers SP(L), SP(R) are positioned apart
fromthe- person Mby 1.5 mrespectively and they are al so respectively

arr angegt a e predeterm ne eft-side and ri -side positions each o
g t the predet dleft d d ght de posit h of
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tion is deviated fromthe fro#dt/ Wdirection of the person Mby 45[err]
the foregoing transfer function of head of the person Mis the

trical function, one of the speaker SP(L). SP(R) is sounded so as to
Iy measure the sound-arrival ti-me difference between the left and

Her ei n,
-|C|ents of multipliers and delay tinmes of delay CIrCUItS in the

zltry shown in Fig. 3(A) are determ ned on the basis of the result of

reasurement. For exanple, when the resul tX ef—®bre neas ment indicates
t hat the left/right level differe

Ls—at—6eaB—tor—9.5) and the
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—
— - w— amovs o coint

(P&SITION RELATIONSHIP ANONG PERSON.
FIG 10 ‘%AWe DEVICE AND SPEAKERS)

.

eet Has Been Re laced

T M \l\\




| eft¥right tinme difference is at 2 3 t he sanme coefficient "-0.5" is

appl§ed to nultipliers KL30, KR32, rle the sane delay tine 200 p s is set
to delay circuits DL30, DL32. InC|dentaIIy, the other circuit elenents in
Fig.} 3(A), i.e.. delay circuits DL31. DL33 and nultipliers KL31. KR33
confygure the all-pass filter which is provided to performthe phase .
mat chi ng. As shown in Fig. 1(A), the left and right output signals of
the Eross-tal k canceler 2 areuaﬁ%llfled by an anplifier 3 and
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pesponding left/right sounds are
h are produced by neans of the cross- tal k cancel er 2.
ancel ed, resulting that the clear sound separation between the

theJ supplied to the left and rith pea#ers SP(L), SP(R). from which the
grdduced. When |istening to the sounds
the cross talk

ri ght speakers i s achieved.
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he description will be given vqtllyor-pspect to the functions of the
ircuits DLIO-DLI 3. In case of the delay circuit DL10, the signal

ed fromthe termnal TRIOis nmultiplied by the predeterm ned

ient in the nmultiplier KR10, and consequently, the multiplied signal
converted into the nusical sound by the right speaker SP(R). On
er hand, the signal outputted fromthe termnal TLIO is nultiplied
predeterm ned coefficient in the multiplier KL10, and
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fromt he Speakers SP( L)so@ﬁﬁfQMAGE POSITION CONTROL APPARATUS

The present invention relates to a sound-image position

control apparatus which is suitable for use in the electronic

musical instruments, audio-visual devices and the like so as to
eventually perform the sound-image localization.

As the device which offers ﬁhe person the sound-broadened
image, there are provided the stereo-chorus device, reverberation
device and the like. Heérein, the former one is designed to
produce the sound of which phase is slightly shifted as compared

" to that of the original sound so that this phase-shifted sound

and the original sound are alternatively produced from the left
and right loud-speakers, while the latter one 1s designed to
impart the reverberation effect to the sounds.

In addition, there is another device, called the pannihg
device. This panning device is desiéned to provide the )
prédetermined output-level difference between the sounds which
are respectively produced from the left and right loud-speakers,
resulting that the stereophonic effect or stereo-impressive image
is applied to the sounds.

The above-mentioned stereo-chorus device or reverberation
device can enlarge the sound-broadened image. However, there is
a drawback in that the sound-distribution image which is sensed
by the listener must become unclear when enlarging the sound-
broadened image. Herein, the sound-distribution image is defined
as a degree of discrimination in which the person who listens to

. the music from the audio device can specifically discriminate the

sound of certain instrument from the other sounds. For example,
when listening to the music played by the guitar and keyboard by
the audio device having a relatively good sound-distribution
image control, the person can discriminate the respective sounds
as if the guitar sound 1is produced from the predetermined left-
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and whi ch departs fromthe line connecting these'speakers. In short. it is
gOSSIb|e to set the sound-imge position in the arbitrary space which
eparts fromthe linear space connecting the speakers. In other words. the
virtual speakers which are not actually existed are placed at the arbitrary
spatial positions. so that the persongcan listen to the sounds which are
virtual l'y produced fromthose positions. In the present enbodiment, the
delay circuit DL10 functions to set the virtual sound-producing position at

VS10 (see Fiéé 53!%%&0 Hﬁﬁl tﬁ@lkggbggr&hgoﬂﬁ&tf?“pfﬂﬁﬁﬂ@ﬁ'from the

' predetermined right-side position (hereinafter, such virtual
position will be referred to as the sound-image position). When
listening to the music by use of the aforementfoned stereo-chorus
device or reverberation device, 1t is difficult for the person to
clearly discriminate the sound-image positions. "

In the panning device, the sound-image position must be
fixed at the predetermined position disposed on the line
connecting the left and right loud-speakers on the basis of the
sound-image localizatipn technique, resulting that the sound-
broadened image cannot be substantially obtained. In other
words, when simultaneously producing plural sounds each having a
different sound-image position, the panning device merely
functions to roughly mix up those sounds so that the clear sound-
image positions cannot be obtained.

In the meantime.'the panning device is frequently equipped
with or built in the electronic musical instrument when
simulating the sounds of the relatively large-scale instruments
such as the piano, organ and vibraphone. In such instrument
(e.g., piano), the sound-producing positions must be moved
accompanied with the progression of notes, thus, the panning
device functions to simulate such movement of the sound-producing
positions.

. However, the panning device also suffers from the
aforementioned drawback. More specifically, the panning device
‘can offer certain degree of panning effect when simulating the
sounds, however, it is not possible to clearly discriminate the
sound-image position of each of the sounds to be produced. 1In '
short, the panning devicé cannot perform the accurate simulation
with respect to the discrimination of the sound-image positions.

It is accordingly a primary object of the present invention
to provide a sound-image position control apparatus by which even

This is the r'ephcemént sheet
This Sheet Has Been Replaced

LTI

Date: Q6 FEB 1997



)

when simultaneously producing plural sounds each having a
different sound-image position, it is possible to clearly
discriminate the sound-image position of each of the sounds to be
produced. '

It is another obJéct of the present invention to provide a
sound-image position control apparatus which can offer the sound-
broadened effect, stereophonic effect or stereo-impressive image
when simultaneously producing plufal sounds each having a
different sound-image position.

It is a further object of the present invention to provide a
sound-image position control apparatus which can offer a sound-
image localization with a simple configuration of the apparatus.

According to the fundamental configuration of the present
invention, the sound-image position control apparatus comprises a
signal mixing portion and a virtual-speaker position control
portion. Herein, the signal mixing portion mixes plural audio
signals supplied thereto in accordance with a predetermined
signal mixing procedure so as to output plural mixed signals.
The virtual-speaker position control portion applies different
- delay times to each of plural mixed signals so as to output
delayed signals as right-side and left-side audio signals to be
respectively supplied to right-side and left-side speakers. 1In
this case, some virtual speakers are virtually emerged as sound-
producing points as if each of the sounds is produced from each
of these,points. Thus, sound-image positions formed by the
virtual speakers are controlled in accordance with plural mixed
signals.

Under effect of the aforementioned configuration of the
present invention, the sounds applied with the stereophonic
effect and clear sound-image discrimination effect are to be
‘actually produced from the right-side and left-side speakers as
if the éounds are virtually produced from the virtual speakers of
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-11- B Simlarly, the other delay circuits DL1l, DLI2, DLI3
respectively correspond to the virtual speakers VS11l. VS12, VS13 as shown
tn Fig. 1(B). As shown in Fig. |(B). these virtual speakers VS10, VS|
VS12, VS13 are respectively and roughly arranged along with a circular line

whi ch can be drawn about the perforqgﬁ; When drawi ng the center |ine
bet ween the perforner o TE

which positions are determined under control of the virtual-
speaker position control portion.

When applying this apparatus to the game device providing a
display unit which displays an animated image representing an
image of the air plane and the like, by adequately controlling
the sound-image position, it is possible to obtain a brand-new
live-audio effect, by which the point of producing the sounds
corresponding to this animated 1mhge is moved in accordance with
the movement of the animated image which is moved by the player
of the game. )

Moreover, the present invention can be easily modified to be
applied to the movie system or video game device in which the
sound-image position is controlled responsive to the video image.
This system comprises an audio/video signal producing portion; a
scene-identification signal producing portion; a plurality of
speakers; a sound-image forming portion; and a control portion.

The above-mentioned scene-identification signal producing
portion outputs a scene-identification sighal in response to a
scene represented by the video signal. The sound-image forming
portion performs the predetermined processings on the audio
signals so as to drive the speakers. Under effect of such signal
processings, the speakers produce the sounds of which sound-image
positions are fixed at the desirable positions departing from the
linear spaces directly connecting the speakers. The control
portion controls the contents of the signal processings so as to
change over the fixed sound-image position in response to the
scene-identification signal.

Further obJects.and advantages of the present invention will
be apparedt from the following description, reference being had
to the accompanying drawings wherein the preferred embodiments of
the present invention are clearly shown.

In the drawings:

- .
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(i.e.. circle center) and respective one of the virtual speakers VS10,

VS11, VS12, VS13, there are forned four circular angles. 60[err], 24[err],
24[err], 60[err] as shown in Fig. 1(B). Next, the description will be
given with respect to the functions of the matrix controller MIRL. As
descri bed before, this matrix contrgg_er MIR1 is designed to control the
connection rel ationship and arrangement rel ationship among the nultipliers
M -ML2, adders I N10O-1N13 and channels Chl O Chl 7. Such control indicates how

to assign the signals of the channels Chl1l0-Chl
J Fig. 1(A) is a block diagram sgngnéoan electronic

configuration of a sound-image position control apparatus
according to a first embodiment of the present invention;

Fig. 1(B) 1s a plan view illustrating a position
relationship between the performer and speakers;

Fig. 2(A) is a block diagram showing another example of the
arrangement of circuit elements in a matrix controller;

Fig. 2(B) is a plan view illustrating another example of the
position relationship between the performer and speakers;

Fig. 3(A) 1s a block diagraﬁ showing a detailed electronic
configuration of a cross-talk canceler shown in Fig. 1(A);

Fig. 3(B) 1s a plan view illustrating another example of the
position relationship between the performer and speakers;

Fig. 4 is a plan view illustrating a fundamental position
relationship between the performer and speakers according to the
present invention;

Fig. 5 is a block diagram showing a modified example of the
first embodiment; | '

Fig. 6 is a block diagram showing an electronic
configuration of a sound-image position control apparatus
according to a second embodiment of the present invention;

Fig. 7 is a drawing showing a relationship between the
person and virtual sound source;

Fig. 8 is a block diagram showing an electronic
configuration of a game device to which a sound-image position
control apparatus according to a third embodiment of the present
invention is applied;

Fig.fs is a drawing showing a two-dimensional memory map of
a coordinaté/sound-1mage-position coefficient conversion memory
shown in Fig. 8; |

‘Fig. 10 is a plan view illustrating a position relationship
between the player and game device;

Fig. 11 is a block diagram showing an electronic
configuration of a video game system;

Fig. 12 is a block diagram showing an electronic
configuration of a sound-image position control apparatus, shown

This Sheet Has Been Replaced . This is the replacement sheet

AL oae: R FE




=

the virtual speakers VS10-VS13. Thus, the sound-inmagé position of each
channel Ch can be determined by the ratio of each channel -output signal
applied to each virtual speaker. In other wor ds, the panning control is
carried out on the virtual speakers VS10-VS13 respectively, thus
controlling the sound-inmage pdsitianthl1 respect to each channel.

In the present enbodi nent as shown in Fig. I (A .the allocation ratio of the
each channel -out put signal applied to

in Fig. 11, according to a fourth embodiment of the present
invention; ' '

Fig. 13 is a drawing 1llustrating a position relationship
among a listener, loud-speakers and a video scréen;

Fig. 14 illustrates a polar-coordinate system which 1is used
for defining a three-dimensional space; and

Fig. 15 is a block diagram showing a typical example of a
virtual-speaker system, of which concept is applied to the fourth
embodiment.

Now, description will be given with respect to the
embodiments of ‘the present invention by referring to the
drawings, wherein the predetermined position relationship is
fixed between a performer P and an instrument I as shown in Fig.
4. In the description, the lateral direction indicates an arrow
direction "a", while the longitudinal direction indicates an
arrow direction "b" as shown in Fig. 4.

[A] First Embodiment
{1) Configuration
Fig. 1(B) is a plan view illustrating a position

relationship between a person M (i.e., performer) and an
electronic musical instrument containing two speakers (i.e.,
loud-speakers). Herein, KB designates a keyboard providing
plural keys, wherein when depressing a key, a tone generator (not
shown) produces a musical tone waveform signal having the pitch
corresponding to the depressed key. SP(L) and SP(R) designate
left and right speakers respectively. These speakers SP(L),
SP(R) are réspectively arranged at the predetermined left-side
and right-side positions of the upper portion of the instrument.

Fig. 1(A) is a block diagram showing an electronic
configuration of a sound-image position control apparatus 1
according to a first embodiment of the present invention. This
apparatus 1 provides eight channels respectively denoted by
numerals Chl0 to Chl7 (given with a general numeral "Ch"),
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each virtual speaker is controlled by setting the coefficients of the
multipliers Ml-M2 as follows: CM=0.75 (by being nultiplied by this
Coefficient. the tone volune of the nusical tone waveformsignal is reduced
by 2.5dB), CW2=0.75, CMB=0.25 (by being nultiplied by this coefficient. the
tone volunme of the nusical tone waveformsignal is reduced by 12dB),

CVM4=0. 75, CM4=0. 625 (by being multipti®ed by this coefficient, the tone

vol une of the nusical tone waveform signal is reduced by 4.08dB). CM50. 313
(which is equivalent to the reduction of 10.08dB in the tone vol une of the
musi cal t ojreredneeach channe) . ClIC\Mreceiegs the musical tone waveform signal

produced from the tone generator. Specifically, the musical tone
waveform signal supplied to each channel Ch has the allocated -
grequency domain corresponding to some musical notes

(hereinafter. referred to as the allocated tone area).

More specifically, the allocation of the tone areas is given

as follows: the musical tone wavqform signal of which tone area

- corresponds to the lowest-pitch note to Cl note is supplied to
the channel Ch10, while the musical tone waveform signal of which
tone area corresponds to C#1 note to C2 note is supplied to the-
channel Chll. Similarly, the tone area of C#2 to F2 is allocated
to the channel Chl2; the tone area of F#2 to C3 is allocated to
the channel Ch13; the tone area of C#3 to F3 is allocated to the
channel Chl4; the tone area of F#3 to C4 is allocated to the
channel Ch15; the tone area of C#4 to C#5 iIs allocated to the

» channel Chl6; and the tone area corresponding to the DS note to
the highest-pitch note is allocated to the channel Ch1l7.

Next, M1 to M12 designate multipliers which multiply the
nusical tone waveform signal supplied thereto by_respective
coefficients CM1 to CM12. IN10 to IN13 designate adders, each of
which receives the outputs of some multipliers. The above-
mentioned elements, i.e., multipliers M1 to M12, adders IN10 to
IN13 and channels Ch1l0 to Chl7 are assembled together into a
matrix controller MTR1. Herein, the connection relationship and
arrangement relationship among those elements of the matrix
controller MTR1 can be arbitrarily changed in response to the
control signal and the like. Incidentally, the detailed
explanation of this matrix controller MIR1 will be given later.

Meanwhile, DL10 to DL13 designate delay circuits which
respectively delays the outputs of the adders IN10 to IN13. Each
of them has two output terminals each having a different delay
time. |
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CMB=0. 625, CMP=0.75. CML0O=0.25, CML1=0.75. CM12=0. 75.

-8-

The signal outputted from a first output terminal TL10 of
the delay circuit DL10 is multiplied by the predetermined
coefficient by a multiplier KL10, and then the multiplied signal
is supplied to a first input (i.e., input for the left-side
speaker) of a cross-talk canceler 2 via an adder AD10. On the
other hand, the signal outputted from a second output terminal
TR10 of the delay circuit DL10 is multiplied by the predetermined
coefficient by a multiplier KR10, and then the multiplied signal
is supplied to a second input ({.e., input for the right-side
speaker) of the cross-talk canceler 2 via adders AD12, AD13.

Similarly; the signal'outputted from a first terminal TL1ll
of the delay circuit DL11 is eventually supplied to the first
input of the cross-talk canceler 2 via a multiplier KL11 and the
adder AD10, while another signal outputted from a second terminal
TR11 of the delay circuit DL11 1s eventually supplied to the
second input of the cross-talk canceler 2 via a multiplier KR11
and the adders AD12, AD13. The signal outputted from a first
terminal TL12 of the delay circuit DL12 1is eventually supplied to
the first input of the cross-talk canceler 2 via a multiplier
KL12 and the adder AD11, AD10, while another signal outputted
from a second terminal TR12 of the delay circuit DL12 1is
eventually supplied to the second input of the cross-talk
canceler 2 via a multiplier KR12 and the adder AD13. Lastly, the
signal outputted from a first terminal TL13 of the delay circuit
DL13 1is eventually supplied to the first input of the cross-talk
canceler 2 via a multiplier KL13 and the adders AD11, AD10, while
another signal outputted from a second terminal TR13 of the delay
circuit DL13 is eventually supplied to the second input of the
cross-talk canceler 2 via a multiplier KL13 and the adder AD13.

The above-mentioned cross-talk canceler 2 is designed to
cancel the cross-talk sounds which are emerged when the person
hears the sounds with his both ears. In other words, this is
designed to eliminate the cross-talk phenomenon in which the
right-side sound is entered into the left ear, while the left-
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-12- v Fig. 2(A) shows another exanple of the arr
angenent and
connection anong the nultipliers and adders under control of the matrix

Eontroller MIRL. In this exanple, only two delay circuits DL10, DL13 are

used for the virtual speakers. In short, as shown in Fi 2(B :
speakers VS10, VS13 are used for theg_ g. 2(B). two virtual

side sound 1s entered into the right ear. Fig. 3(A) shows an
example of the circuitry of this cross-talk canceler 2. This
circuit is designed on the basis of the transfer function of head
which is obtained through the study of the sountl transmission
between the human ears and dummy head (i.e., virtual simulation
model of the human head). On the basis of the experimental
values obtained through the transfer function of head, the study
is made to compute the sound-arrival time differences between the
left and right ears and the peék values of the impulse response
of the transfer function. In response to these values, this
circuitry performs the delay operations and weight functional
caluculus.

The observation is made on the model wherein both of the
speakers SP(L), SP(R) are positioned apart from the person M by
1.5 m respectively and they are also respectively arranged at the
predetermined left-side and right-side positions each of which
direction is deviated from the front direction of the person M by
45° . Since the foregoing transfer function of head of the
person M is the symmetrical function, one of the speaker SP(L),
SP(R) is sounded so as to actually measure the sound-arrival time
difference between the left and right ears and the peak values of
the impulse response. Herein, coefficients of multipliers and
delay times of delay circuits in the circuitry shown in Fig. 3(A)
are determined on the basis of the result of the measurement.

For example, when the result of the measurement indicates that
the left/right level difference is at 6dB (or O. 5) and the
left/right time difference is at 200u s, the same coefficient
"-0.5" 1is applied to multipliers KL30, KR32, while the same delay
time 200z s 1s set to delay circuits DL30, DL32. Incidentally.
the other circuit elements in Fig. 3(A), i.e., delay circuits
DL31, DL33 and multipliers KL31, KR33 configure the all-pass
filter which is provided to perform the phase matching.

As shown in Fig. 1(A), the left and right output signals of
the cross-talk canceler 2 are amplified by an amplifier 3 and
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production of the nusical sounds. Herein, under control of the matrix
controller MR, sone of the signals of the channels Chl0- Chl7 are
adequately allocated to each of the adders IN10, IN13 so as to control the
sound-image -positions. In this exanple, the coefficients of the multipliers
M -M4 are respectively set as follows: CM=0.75, CM=0.75, CM3=0.313.
Cwvi=0. 625, CVb=0. 375 (by being nult+pb+ed by this coefficient, the tone

vol une of the musical tone waveform signal is reduced by 8.5dB). Cvb6=0.5
(which is equivalent to the reduction of 6dB in the tone volunme of the

nusi cal t opén VU XNed Jcrile) 1eEhl afld43ghthspeakere ®P (A ,eSP(R), from
ghich the corresponding ‘left/right sounds are produced. When
jistening to the sounds which are produced by means of the cross-
" talk canceler 2, the cross talk is canceled, resulting that the
clear sound separation between the left/right speakers is
achleved.

Next, the description will be given with respect to the
functions of the delay circuits DL10-DL13. In case of the delay .
circuit DL10, the signal outputted from the terminal TR10 is
pultiplied by the predetermined coefficient in the multiplier
KR10, and conseduently, the multiplied signal will be converted
into the musical sound by the right'speaker SP(R). On the other
hand, the signal outputted from the terminal TL10 is multiplied
by the predetermined coefficient in the multiplier KL10, and
consequently, the multiplied signal will be converted into the
msical sound by the left speaker SP(L). In this case, the
sound-image position is determined by two factors, 1.e., the
difference between the delay times of the sounds respectively
produced from the right and left speakers, and the ratio between
the tone volumes respectively applied to the left and right
speakers. Since the present embodiment can set the above-
nentioned delay-time difference in addition to the above-
nentioned tone-volume ratio, the sound-image position can be set
at certaln position which is far from the speakers SP(L), SP(R)
and which departs from the line connecting these speakers. In
short, it is'possible to set the sound-image position in the
arbitrary 'space which departs from the linear space connecting
the speakers. In other words, the virtual speakers which are not
actually existed are placed at the arbitrary spatial positionms,
so that the person can listen to the sounds which are virtually
Produced from those positions. = In the present embodiment, the
delay circuit DL10 functions to set the virtual sound-producing
Position at VS10 (see Fig. 1(B)), which is called as the virtual
Speaker.
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the reduction of 7.16dB in the tone volune of the nusical tone waveform
signal ), CMB=0.439, CWB=0.5, CML0=. 375, CML1=0.625, CML2=0.313. CML3=0. 75,

CML4=0. 75. (2) Operation . Next, the description will be given with
respect to the operation of the present- enbodi nent. When t he
perforner P plays the keyboard to performthe

_11_

Similarly, the other delay circuits DL11, DL12, DL13
respectively correspond to the virtual speakers VS11, VS12, VS13
as shown in Fig. 1(B). As shown in Fig. 1(B), these virtual
speakers VS10, VS11, VS12, VS13 are respectively¢and roughly
arranged along with a circular line which can be drawn about the
performer. When drawing the center line between the performer
(i.e., circle center) and respective one of the virtual speakers
vs10, VS11, VS12, VS13, there are formed four circular angles,
80° , 24° , 24° , 60° as shown in Fig. 1(B).

Next, the description will be given with respect to the
functions of the matrix controller MTR1. As described before,
this matrix controller MIR1 is designed to control the connection
relationship and arrangement relationship among the multipliers
Mi-M12, adders IN10-IN13 and channels Ch10-Chl7. Such control
indicates how to assigh the signals of the channels Ch10-Chl7 to
the virtual speakers VS10-VS13. Thus, the sound-image position
of  each channel Ch can be determined by the ratio of each
channel-output signal applied to each virtual speaker. In other
words, the panning control is carried out on the virtual speakers
VS10-VS13 respectively, thus controlling the sound-image position
with respect to each channel.

In the present embodiment as shown in Fig. 1(A), the
allocation ratio of the each channel-output signal applied to
each virtual speaker is controlled by setting the coefficients of
the multipiiers M1-M12 as follows: CM1=0.75 (by being multiplied
by this coefficient, the tone volume of the musical tone waveform
signal 1is reduced by 2.5dB), CM2=0.75, CM3=0.25 (by being
multiplied by this coefficient, the tone volume of the musical
tone  waveform signal is reduced by 12dB), CM4=0.75, CM5=0.625 (by
being multiplied by this coefficient, the tone volume of the
musical tone waveform signal is reduced by 4.08dB), CM6=0.313
(which is equivalent to the reduction of 10.08dB in the tone
volume of the musical tone waveform signal), CM7=0.313,

CM8=0.825, CM9=0.75, CM10=Q.25. CM11=0.75, CM12=0.75.
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musi ¢, the nusical tone waveformsignal is produced in response to each of
the keys depressed by the perforner. Then, the nusical tone waveform
Signals are respectively allocated to the channels on the basis of the
predeterm ned tone-drea all ocation manner, so that these signals are
eventual ly entered into the matrix cogtroller MIRL. Assum ng that the
circuit elenents of the matrix conthgrer MIRI are arranged and connected
as shown in Fig. 1(A). the nusical tone waveform signals are produced as

the nusical sounds fromthe virtual speakers VS10-VS13 in accordance with
their tone areas.

Fig. 2(A) shows another example of the arrangement and
connection among the multipliers and adders.under control of the
matrix controller MTR1. In this-example, onlyyfwo'delay circuits

~ DL10, DL13 are used for the virtual speakers. In short, as shown
in Fig. 2(B), two virtual speakers VS10, VS13 are used for the
production of the musical sounds. Herein, under control of the
matrix controller MTR1, some of the signals of the channels Chl0-
Chl7 are adequately allocated to each of the adders IN10, INlS so
as to control the sound-image positions. In this example, the
coefficients of the multipliers Ml1-Ml4 are respectively set as
‘follows: CM1=0.75, CM2=0.75, CM3=0.313, CM4=0.625, CM5=0.375 (by
being multiplied by this coefficient, the tone volume of the
musical tone waveform signal is reduced by 8.5dB), CM6=0.5 (which
is equivalent to the reduction of 6dB in the tone'volume of the
musical tone waveform signal), CM7=0.439 (which is equivalent to
the reduction of 7.16dB in the tone volume of the musical tone
waveform signal), CM8=0.439, CM9=0.5, CM10=0.375, CM11=0.625,
CM12=0.313, CM13=0.75, CM14=0.75.

(2) Operation
Next, the description will be given with respect to the
operation of the present embodiment.

When the performer P plays the keyboard to perform the
music, the musical tone waveform signal is produced in response
to each of the keys depressed by the performer. Then, the
musical tone waveform signals are respectively allocated to the
channels on the basis of the predetermined tone-area allocation
manner, so that these signals are eventually entered into the
matrix controller MTR1. Assuming that the circuit elements of
the matrix controller MTR1 are arranged and connected as shown in
Fig. 1(A), the musical tone waveform signals are produced as the
musical sounds from the virtual speakers VS10-VS13 in accordance
Yith their tone areas.
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The detailed explanation can be described as follows. First
of all, the musical tone waveform signals corresponding to the
tone area between the lowest-pitch note and C1l note (see Chl0)
are produced as the musical sounds ‘from the virtyal speaker VS10.
in addition, the musical tone waveform signals corresponding to
the tone area between the C#l note and C2 note (see Chll) are
produced as the musical sounds from the virtual speakers VS12,
vyS10. However, due to the coefficients of the multipliers M2,
M3, the sound-image positions corresponding to those notes are
placed close to the virtual speaker VS10. More specifically.'
these sound-image positlons are arranged on the line connecting
the virtual speakers VS12, VS10, but they are also located close
to the virtual speaker VS10. Further, the musical tone waveform
signals corresponding to the tone area between the C#2 note to F2
note (see Chl2) are produced as the musical sounds from the
virtual speaker VS1l. Similarly, the other musical tone waveform
signals corresponding to each the other tone areas (i.e., each of
the other channels) are eventually produced as the musical sounds

from the predetermined one or two virtual speakers at certain

" sound-image positions. Thus, the sound-image positions
corresponding to the tone areas which are respectively arranged
from the lowest pitch to the highest pitch are sequentially
arranged from the left-side position to the right-sidé'position
along with a circular 1ine drawn about the performer P (see Fig.
1(B)). As a result, when the performer P sequentially depress
the keys from the lower pitch to the higher pitch, the sound-
image positions are sequentially moved from the left-side
position to the right-side position along with the above-
mentioned circular line. In short, it is possible to control the
left/right and front/back positionings of the sound images.

On the other hand, when the circuit elements of the matrix
controller MTR1l are arranged and connected as shown in Fig. 2(A),
the musical tone waveform signals of each tone area are
eventually produced as the musical sounds from one or both of the
virtual speakers VS10, VS13. Thus, the positioning control of

”’/¢~”’#¢~__,,,___f
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- 13- The decal | ed expl anation can be described as follows. First
of all. the nusical tone waveform signals corresponding to the tone area
between the | owest-pitch note and Cl note (see Chl0) are produced as the
musi cal sounds fromthe virtual speaker VS10. In addition. the nusical tone
wavef orm si gnals corresponding to -14-

the sound images are controlled on the line connecting these
virtual speakers. In this case, the control of the front/back-
side sound-broadened image is poor as compared to that of Fig.
1(A). However, as comparing to the. state where qpe musical
sounds are merely produced from the left/right speakers SP(L),
SP(R), this example can improve the control of the front/back-
side sound broadened image.

As described heretofore, thé first embodiment is designed to
change the allocation manner of the musical tone waveform signals
by use of the matrix controller MIR1l, therefore, it is possible
to'change over the control manner of the sound images with ease.

(3) Modified Example _
Fig. 5 1s a block diagram showing a modified example of the

~foregoing first embodiment, in which there are provided eight
delay circuits DL50-DL57 used for emerging the virtual speakers.
In Fig. 5, the illustration is partially omitted, so that there
are also provided eight adders, in the matrix controller MTR1,
respectively corresponding to the above-mentioned eight delay
circuits DL50-DL57. According to the configuration of this
modified example, eight virtual speakers are emerged, so that the
musical tone waveform signals can be adequatel& allocated to
these virtual speakers. Due to the proviéion of eight virtual

speakers, 1t is possible to perform the more precisely control on
the sound-image positions.

[B] Second Embodiment
Next, description will be given with respect to the second
embodiment of the present invention by referring to Fig. 6,

Wherein some parts corresponding to those of the foregoing first
embodiment are omitted.

In Fig. 6, numerals STR60-STR65 designate respective tone
8enerators which are controlled by the MIDI signal (i.e., digital
Signal of which format is based on the standard for Musical
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the tone area between the C#l note and C2 note (see Chll) are produced as
the nusical sounds fromthe virtual speakers VS12. VS10. However, due to
the coefficients of the multipliers M2. M3. the sound-imge positions
corresponding to those notes are placed close to the-virtual speaker VS10.
More specifically. these sound-inage positions are arranged on the |line
connecting the virtual speakers vS1Z:187510, but they are also | ocated cl ose
to the virtual speaker VS10. Further. the nusical tone waveform signals
corresponding to the tone area between the C#2 note to F2 note (see Chl 2)
are produdegtaumentsnbigttal sinterfd4ee t @ short, one of the tone

generators STR60-STR65 designated by the MIDI signal is activated
to produce the musical tone waveform signal. The outputs of

these tone generators STR60-STR65 are respectively suppllied to

the delay circults DL60-DL65 which are used for forming the

virtual speakers respectively. Then, the outputs of the delay
circuits DL60-DL65 are multiplied by the predetermined

coefficients respectively, so that some of the multiplied outputs
are added together in adders VSRi-VSR4, VSL1-VSL4, of which.
addition results are supplied to the cross-talk canceler 2.

According to the configuration of the above-mentioned second
embodiment, the output of each tone generator is produced as the
musical sound from certain virtual speaker. Thus, when
respectively connecting six strings of the guitar with six tone
generators STR60-STR65, it is possible to well simulate the
sound-producing manner of the guitar with respect to each string.
The reason wh& such well simulation can be performed by the
second embodiment is as follows:

When the guitar is located close to the listener so that the
strings are also located close to the ears of the listener, the
listener can clearly discriminate the separate sound produced
from each string of the guitar. However, as the distance between
the listener and guitar becomes larger, the sound-separation
image of each string of the guitar becomes weaker. Therefore, in
the end, the sounds produced from all strings of the guitar will
be heard as one overall sounds which are produced from one sound-
production point. Thus, by adequately setting the delay times of
the delay circuits DL60-DL65 and the coefficients which are
multiplied with the outputs of the delay circuits DL60-DL65, it
is possible to offer the image of the distance by which the
instrument is departed from the listener.

In the meantime, it is possible to compute the distance
between the person and the virtual sound source which is embodied

e
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virtual speaker VS11. Simlarly, the other nusical tone wavef orm si gnal s
-correspondi ng to each the other tone areas (i.e.. each of the other
thannel s) are eventually produced as the-musical sounds fromthe
predeterm ned one or two virtual speakers at certain sound-inmage positions.

Thus. the sound-image positions corrﬁiponding to the tone areas which are
respectively arranged fromthe | owesSt-°pitch to the highest pitch are
sequentially arranged fromthe | eft-side position to the right-side

position along with a circular |ine drawn_about the perfo '
1(B)). Asbwn theudelaXireHe B& shoWey 1p §d&oefit i ﬁvﬁeé@pﬁ{éﬁi dedidfades

a radius of the head of the person M; "d" designates a distance
petween the sound source and the center of head; and "6 "
designates an angle which is formed between the gound source and
the front-direction line of the head. In this case, it 1is
possible to compute distances "dr" and "dl” by the following
equations, wherein "dr” designates a distance between the sound
source and the right ear of the person, while "dl"” designates a
distance between the sound sourcé and the left ear of the person.
dr2 = r2 + @2 - 2rd: sine ... (1)
d12 = r2 - 42 + 2rd. siné oo (2)
Thus, by computing these distances dr, dl with respect to each of
the strings, it is possible to determine the factors for
 designing the delay circuits DL80-DL65 respectively.

! Incidentally, in the aforementioned embodiments, it is
possible for the user to arbitrarily set the connection pattern
of ‘the matrix controller MIR1 and the coefficient applied to each
of the multipliers. Or, it is possible to store plural
connection patterns and plural values for each coefficient in
advance, so that the user can arbitrarily select one of them.

{C] Third Embodiment

Next, description will be given with respect to the third
embodiment of the present invention, in which the sound-image
position control apparatus 1 is applied to a game device 9, by
referring ‘to Figs. 8 to 10.

Fig. 8 is a block diagram showing an electronic
configuration of a game device 9. Herein, 10 designates a
controller which controls the joy-stick unit, tracking-ball unit
and several kinds of push-button switches (not shown) so that the

~ operating states of them are sent to a control portion 11. The
control portion 11 contains a central processing unit (i.e¢., CPU)
and several kinds of interface circuilts, whereas it 1is designed
to execute the predetermined_game programs stored in a program

-_—
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the keys fromthe |ower pitch to the higher pitch. the sound- image
positions are sequentially noved fromthe left-side position to the
right-side position along with the above- nentioned circular line. In
short, it is possible to control the Left/right and front/back positionings
of the sound inages. On the dtfrer hand. when the circuit el ements of
the matrix controller MIRL are arranged and connected as shown in Fig.

2(A). the nusical tone waveform signals of each tone area are

pemory 12. Thus, the game is in progress, while the overall
control of the game device is performed by the control portion:
11. In the progress of the game, a working memory 13 1s
collecting and storing'several kinds of data whichr are obtained
through the execution of the game programs. In response to the
game program to be executed, a visual image information memory 14
stores visual image data to be displayed, representing the
information of the visual images corresponding to character
images Cl1, C2, C3 (given with the general numeral "C") and
background images BGl, BG2, BG3 (given with the general numeral
"BG"). These character images may correspond to the visual
images of'person. automobile, air plane, animal, or other kinds
of objects. The above-mentioned visual image data are read out
in the progress of the game, so that the corresponding visual
image is displayed at the predetermined position of a display
screen of a display unit 15 by the predétermined display size in
response to the progress of the game.

Next, a coordinate/sound-image-position coefficlent
conversion memory 16 stores parameters by which the display
position of the character C in the display unit 15 is located at
the proper position corresponding to the sound-image position in
the two-dimensional area. Fig. 9 shows a memory configuration of
the above-mentioned coordinate/sound-image-position coefficient
conversion memory 16. Fig. 10 shows a position relationship
between a player P of the game and the game device 9 in the two-
dimensional area. The X-Y coordinates of the coordinate/sound-
image-position coefficient conversion memory 18 as shown in Fig.
9 may correspond to the X-Y coordinates of the display screen of
the display unit 15. In Fig. 9, the output channel number CH of
a sound source 17 and some of the coefficients CM1-CM12 which are
used by the multipliers M1-M12 in the sound-image position
control apparatus 1 are stored at the memory area designated by
the X-, Y-coordinate values which indicates the display position
0f the character C in the display unit 15. For example, at an
irea designated b& "AR", a value "13" is stored as the output

-
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eventual |y produced as the nusical sounds fromone or both of th [
e virtcual
§peakers VS10, VS13. Thus. ‘the positioning control of

-18-

channél number, while the other values "0.6" and "0.8" are also
stored as the coefficients CM5, CM6 used for the multipliers M5,
M8 respectively.

The X/Y coordinates of the coordinate/sound-image-position
coefficient conversion memory 16 are set corresponding to those
of the actual two-dimensional area shown in Fig. 10. In other
words, the display position of the character C in the display
unit 15 corresponds to the actual two-dimensional position of the
player as shown in Fig. 10. Thus, by adequately setting the
parameters, the sounds will be produced from the .actual position
corresponding to the display position of the character C.
Incidentally, the memory area of the coordinate/sound-image-
position coefficient conversion memory 16 is set larger than the
display area of the display unit 15. 1In this case, the proper
channel number CH and some of the coefficients CM1-CM12 are
memorized such that even if the character C is located at the
coordinates of which position cannot be displayed by the display
unit 15, the sounds are produced from the actual position
corresponding to the coordinates of the character C. Moreover,
the display position of the character C is controlled to be
automatically changed in response to the progress of the game on
the basis of the game programs stored in the program memory 12,
or it is controlled to be changed in response- to the manual
operation applied to the controller 10.

Nexti the souhd source 17 has plural channels, used for the
generation of the sounds, which are respectively operated in a
time-division manner. Thus, in response to the instruction given
from the control portion 11, each channel produces a musical tone
waveform signal. Such musical tone waveform signal is delivered
to the predetermined one or some of eight channels Ch10-Chl7 of
the sound-image position control apparatus 1. Particularly, the
musical tone waveform signal regarding to the character C is
delivered to certain channel Ch which is designated by the
foregoing output channel numbgr CH. As described before.:fhis-

/
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- 14 - the sound i mages are controlled on i [

_ : the Iine connecting th
virtual speakers. In this case, the control of the _front/back-gsidgSe
sound- br oadened i mage is poor as conpared to that of Fig. 1(A). However

conparing to the state where the nusical so
the left/right speakers SP(L). 20 sounds are nerely produced from

the corresponding channels respectively. In the sound-image
position control apparatus 1, each of the coefficients CM read
from the coordinate/sound-image-position coefficient conversion
gemory 16 1s supplied to each of the multipliers M1-M12. Thus,
the sound-image position of each channel is controlled to be
fixed responsive to the coefficient CM, and consequently, the
pusical sounds are produced from the speakers SP(L), SP(R) at the
fixed sound-image positions.
When the player P intentionally operates the controller 10
to move the character C, the control portion 11 is operated so
that the display position of the character C displayed in the
display unit 15 is moved by the distance corresponding to the
pmanual operation applied to the controller 10. In this case, new
output channel number CH and coefficient CM are read from the
memory area of the coordinate/sound-image-position coefficient
conversion memory 16 corresponding to the new display position of
the character C, and consequéntly. these data are supplied to the
sound source 17 and sound-image position control apparatus 1
respectively. Thus, the actual sound-image position is also
moved responsive to the movement of the character C.

According to the present embodiment. when the character C
representing the visual image of the air plane is located outside
of the display area of the display unit 15 and such character C
is moved closer to the player P from his back, the character C 1s
not actually displayed on the display screen of the display unit
15. Howevér, since the foregoing coordinate/sound-image-position
coefficient conversion memory 16 has the memory area which 1s
larger than the display area of the display unit 15, the sounds
corresponding to the character C are actually produced such that
the sounds are coming closer to the player P from his back. As a
result, the player P can recognize the existence and movement of
the air plane of which visual image is not actually displayed.
This can offer a brand-new live-audio effect which cannot be
obtained from the conventional game device system.
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SP(R), this exanple can inprove the control of the froat/back-

broadened i mage. As described heretofore, the first eﬁbod?hgﬁtsfgnd
designed to change the allocation manner of the nusical tone waveform
signals by use of the matrix controller MIRL, therefore, it is possible to
change over the control manner of thglgound i mges with ease. (3) Mdified
Exanpl e Fig.. 5 is a block diagramshow ng a nodified exanple of the

Incidentally, the present embodiment is designed to manage
the movement of the character C in the two-dimensional coordinate
system. Of course, the present invention is nog limited to it,
so that the present embodiment can be modified to manage the
movement of the character C in the three-dimensional coordinate
system. In such modification, number of the actual speakers are

, increased, and they are arranged in the three-dimensional space.

In the present embodiment, the X/Y coordinates of the
display unit 15 are set corresponding to those of the actual two-
dimensional area. However, this embodiment can also modified to
simulate the game of the automobile race. In this case, only the
character C which is displayed in front of the player P 1is
displayed in the display unit 15 by matching the visual range of
the player P with the display area of the display unit 15.

[D] Fourth Embodiment

Next, the description will be given with respect to the
fourth embodiment of the present invention, wherein the sound-
image position control apparatus is modified to be applied to the
movie system, video game device (or television game device) or -
so-called CD-I system in which the sound-image position is
controlled responsive to the video image.

Before describing the fourth embodiment in detail in
conjunction with Figs. 11 to 13, the description will be given
with respect to the background of the fourth embodiment by
referring to Figs. 14 and 15.

First of all, the so-called binaural technique is known as
the technique which controls and fixes the sound-image position
in the three-dimensional space. According to the known
technique, the sounds are recorded by use of the microphones
which are located within the ears of the foregolng dummy head, so
that the recorded sounds are reproduced by use of the headphone
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foregoing first enbodiment. in which there are provi ded ei ght del ay
circuits DL50-DL57 used for energing the virtual speakers. In Fig. 5, the
fllustration is partially omtted, so that there are also provi ded ei ght
adders, in the matrix controller MR, respectively corresponding to the
above-mentioned eight -delay circuits_DL50-DL57. According to the
configuration of this nodified exanpB®T eight virtual speakers are energed
so that the nusical tone waveform signals can be adequately allocated to ’

these virtual speakers. Due to the provision of eight virtu?i %P kers, it
i s possi béet tso @ ftyr mecognigee theesountlyimage rpesiion which 1 xed at

the predetermined position in the three-dimensional space.
Recently, some attempts are made to simulate the tone area which
is formed in accordance with the shape of the dugmy head. In
other words, by simulating the transfer function of the sounds
which are transmitted in the three-dimensional space by use of
the digital signal processing technique, the sound-image position
is controlled to be fixed in the three-dimensional space.

The coordinate system of the above-mentioned three
dimensional space can be defined by use of the illustration of
Fig. 14. In Fig. 14, "r" designates a distance from the origin
"0": ¢ designates an azimuth angle with respect to the
horizontal direction which starts from the origin "o"; @
designates an elevation angle with respect to the horizontal area
containing the origin "O", thus, the three-dimensional space can
be defined by the polar coordinates . in the space. When locating
the listener or dummy head at the origin 0, its front direction
can be defined as ¢ =0, whereas its left-side direction is
defined by ¢ >0 and its right-side direction is defined by ¢ <O.
In addition, the upper direction is defined by 6 >0.

As a model which controls and fixes the sound-image position
in the three-dimensional space by use of the digital signal
processing technique, the dummy head is located at the origin O
and then the impulse signal 1is producéd from the predetermined
point A, for example. Then, the responding sounds corresponding
to the imﬁulse signal are sensed by the microphones which are
respectively located within the ears of the dummy head. These
sensed sounds are converted into the digital signals which are
recorded by some recording medium. These digital signals
represent two impulse-response data respectively corresponding to
the sounds picked up by the left-side and right-side ears of the
'dummy head. These two impulse-response data are converted into
the coefficients, by which two finite-impulse response digital
filters (hereinafter, simply referred to as FIR filters) are
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respectively given. In this case, the audio signal of which
sound-image position is not fixed is delivered to two FIR
filters, through which two digital outputs are obtained as the
left/right audio signals. These left/right audiorsignals are
applied to left/right inputs of the headphone set, so that the
listener can hear the stereophonic sounds from this headphone set
as if those sounds are produced from the point A. By changing
this point A and measuring the impulse response, it is possible
to obtain the other coefficients.for the FIR filters. In other
words, by locating the point A at the desirable position, it is
possible to obtain the coefficients for the FIR filters, by which
the sound-image position can be fixed at the desirable position.
The above-mentioned technique offers an effect by which the
three-dimensional sound-image position is determined by use of
the sound-reproduction system of the headphone set. The same
effect can be embodied by use of the so-called two-speaker sound-
reproduction system in which two speakers are located at the
predetermined front positions of the listener, which is called a
cross-talk canceling technique.

According to the cross-talk canceling technique, the sounds
are reproduced as if they are produced from certain position
(i.e., position of the foregoing virtual speaker) at which the
actual speaker is not located. Herein, two FIR filters are
required when locating one virtual speaker, hereinafter, a set of
two FIR filters will be called as a sound-directional device.

Fig. 15 is a block diagram showing an example of the
virtual-speaker circuitry which employs the above-mentioned
sound-directional device. In Fig. 15, 102-104 designate sound-
directional devices, each of which contains two FIR filters.

This drawing only illustrates three sound-directional devices

.102-104, however, there are actually provided several hundreds of

the sound-directional devices. Thus, it is possible to locate

hundreds of virtual speakers in a close-tight manner with respect

to all of the directions of the polar-coordinate system. These
///.
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In Fig. 6, nunerals STR60- STR65 desi gnate respective tone generators which

are controlled by the MDI- signal (i.e., -digital signal of which format is
based on the standard for Misi cal

-24-

virtual speakers are not merely arranged along with a spherical
'surface with respect to the same distance r, but they are also
arranged in a perspective manner with respect to different
distances r. A selector 101 selectively delivegs the input
signal to one of the sound-directional devices such that the
sounds will be produced from the predetermined one of the virtual
speakers, thus controlling and fixing the sound-image position in
the three-dimensional space. Incidentally, adders 105, 106

- output their addition results as the left/right audio outputs
respectively.

The above-mentioned example can be modified such that one
sound-directional device is not fixed corresponding to one
direction of producing the sound. In other words, by changing
the coefficients of the FIR filters contained in one sound-
directional device, it is possible to move the sound-image
position by use of only one sound-directional device.

In the meantime, some movie theater employs so-called
surround acoustic technique which uses four or more speakers.
Therefore, the sounds are produced from one or some speakers in
response to the video image.

When embodying such surround acoustic technique by use of
the former virtual-speaker system providing hundreds of sound-
directional devices, it is necessary to provide hundreds of FIR
filters, which enlarges the scale of the system so that the cost
of the sy$tem will be eventually raised up. Even in the case of
the latter system which provides only one sound-directional
device, it is necessary to provide hundreds of coefficients used
for the FIR filter, which is not realistic. Because, it is very
difficult to control of'change so many number of coefficients in
2 real-time manner. Further, when embodying the foregoing
Surround acoustic technique in the movie theater, it is necessary
to provide a plenty of amplifiers and speakers, which eventually
faises the cost of the facilities.

This is the replacement sheet
' Date: 2 6 Fe8 Gl

This Sheet Has Been Replaced




- 15- Instrunents Digital Interfabe) I n .
_ : short, one of the ton
generators.STRBO-STRBS designated by the MDI signal is activateg

~25-

(a) Configuration of Fourth Embodiment
Next. the detailed description will be given with respect to

the fourth embodiment of the present’ invention. Fég. 11 is a -
plock diagram showing the whole configuration of the video game
system. Hereln, a game device 21 is designed to produce a video
signal VS, a left-side musical tone signal ML, a right-side
pusical tone signal MR, a sound effect signal EFS, a panning
signal PS and a scene-identificatibn signal SCS. When receiving
the sound effect signal EFS, panning signal PS and scene-
jdentification signal SCS, a sound-image position control
‘apparatus 22 imparts the fixed sound image to the sound effect
signal EFS, thus producing two signals EFSL, EFSR. Then, an
adder 25 adds the signals EFSR and MR together, while an addef 26
adds the signals EFSL and ML together. The results of the
additions respectively performed by the adders 25, 26 are
supplied to an amplifier 24. The amplifier 24 amplifies these
signals so as to respectively output the aﬁplified signals to
left/right loud-speakers (represented by 43, 44 in Fig. 13). In
the meantime, the video signal VS is supplied to a video device
23, so that the video image is displayed for the person.

The game device 21 1is configured as the known video game
device which is designed such that responsive to the manipulation
of the player of the game, the scene displayed responsive to the
video signal VS is changed or the position of the character image
is moved. . During the game, the musical tone signals ML, MR are
outputted so as to playback the background musiec. In addition,
to this Background music, the other sounds are also produced.

For example, the sounds corresponding to the character image
%hich is moved respoﬂsive to the manipulation of the player, or
the other sounds corresponding to the other character images
¥hich are automatically moved under control of the control unit
bNilt in the game device 21 are produced by the sound effect
8ignal EFS. In case of the game of the automobile race, the
*igine sounds of the automobiles are automatically produced.
-
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to produce the nusical tone waveform signal. The.outputs of these tone
generators STR60- STR65 are respectively supplied to the delay circuits
DL60- DL65 which are used for formng the virtual speakers respectively.

Then, the outputs of the delay circuits DL60-DL65 are nultiplied by the
predeterm ned coefficients respectt2@ty, so that sone of the nmultiplied
out puts are added together in adders VSRL-VSR4, VSL1-VSL4. of which.

addition results are supplied to the cross-tal k canceler 2. Accordi ng
to the configuration of the above-nentioned second

The scene-identification signal SCS is used for determining
the position of the virtual speaker in accordance with the scene.
Every time the scene is changed, this scene-identification signal
scS is produced as the information representing the changed
scene. Such scene-identification signal SCS is stored in advance
within a memory unit (not shown) which is built in the game
device 21. More specifically, th{s signal 1ls stored at the
predetermined area adjacent to the area storing the data
representing the background image with respect to each scene of

Ithe game. Thus, when the scene is changed, this signal 1is
simul taneously read out.

On the other hand, the panning signal PS represents certain
position which is located between two virtual speakers. By N
varying the value of this panning signal PS between *0" and "1%,
it is possible to freely change the sound-image position

.corresponding to the sound produced responsive to the sound
effect signal EFS between two virtual speakers. In the present
embodiment, the programs of the game contain the operation
reutine for the panning signal PS, by which the panning signal PS
is computed on the basis of the scene-identification signal SCS
and the displayed position of the character image corresponding
to the sound effect signal EFS. Of course, such computation of
the panning signal PS can be omitted, so that in response to the
position of the character, the game device 21 automatically reads
out the panning signal PS which is stored in advance in the
nemory unif. Incidentally, the present embodiment is designed
such that two virtual speakers are emerged, which will be
described later in detail.

Fig. 12 is a block diagram showing an internal configuration
of the souhd—image position control apparatus 22. Herein, a
tontrol portion 31 is configured as the central processing unit
({.e., CPU), which performs the overall control on this apparatus
22. This control portion 31 receives the foregoing scene-
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enbodi nent, the output of each tone generator is produced as the nusi cal
sound fromcertain virtual speaker. Thus, when respectively connecting siXx
strings of the guitar - with six tone generators STR60-STR65, it is possible
to well sinulate the sound-producing manner of the guitar with respect to
each string. The reason why such wekR7sinul ati on can be perforned by the
second enbodi nent is as foll ows: When the guitar is |located close to
the listener so that the strings are also |located close to the ears of the

listener, j§8€tification signal SCS and panning signal PS. A coefficient
memory 32 stores the coefficients of the FIR filters. As
described before, the impulse response is measured with respect
to the virtual speaker which is located at the degirable
position, so that the above-mentioned coefficients are determined
on the basis of the result of the measurement. In order to
locate the virtual speaker at the optimum position corresponding
to the scene of the game, the coefficients for the FIR filters
are computed in advance with respéct to several positions of the
virtual speaker, and consequently, these coefficients are stored
at the addresses of the memory unit corresponding to the scene-
jdentification signal SCS. As described before, each of sound-
directional devices 33, 34 is configured by two FIR filters. The
coefficient applied to the FIR filter can be changed by the
coefficient data given from the control portion 31.

In response to the scene-identification signal SCS, the
control portion 11 reads out the coefficient data, respectively
corresponding to the virtual speakers L, R, from the coefficient
memory 32, and consequently, the read coefficient data are
respectively supplied to the sound-directional devices 33, 34.
When receiving the coefficients, each of the sound—directional
devices 33, 34 performs the predetermined signal processing on
thie input signal of the FIR filters, thus locating the virtual

speaker at the optimum position corresponding to the scene-
identification signal SCS.

The sound effect signal EFS is allocated to the sound-
directional devices 33, 34 via multipliers 35, 36 respectively.
“hese multipliers 35, 36 also receive the multiplication
Coefficients respectively corresponding to the values "PS", "1-
P$" from the control portion. Herein, the value "PS" represents
the value of the panning signal PS, while the value "1-PS”
TPresents the one's complement of the panning signal PS. The
%tputs of first FIR filters in the sound-directional devices 33,

are added together by an adder 37, while the other outputs of
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listener can clearly discrimnate the separate sound produced from each
string of the guitar. However, as the distance between the |istener and
gui tar becomes |arger, the sound-separation i mage of each string of the

gui tar becones weaker. Therefore, in the end, the sounds produced from al

strings of the guitar will be heard ag.one overall sounds which are
produced from one sound- production point. Thus, by adequately setting the
delay tinmes of the delay circuits DL60-DL65 and the coefficients which are

to offer

multipli ed ubbh E0E pyipubs A 1 JSIAY didibhall RvELES 351 54 epesi bl

I mag ance
added together by another agaer 38. Therefore, these adders 37,

38 output their addition results as signals for the speakers 43,

44 respectively. These signals are supplied to a gross-talk
canceler 39. :

The cross-talk canceler 39 is provided to cancel the cross-
talk component included in the sounds. For example, the cross-
talk phenomenon must be occurred when producing the sounds from
the speakers 43, 44 in Fig. 13. Due to this cross-talk
phenomenon, the sound component produced from the left-side
speaker affects the sound which-is produced from the right-side
speaker for the right ear of the listener, while the sound
component produced from the right-side speaker affects the sound
which is produced from the left-side speaker for the left ear of
the listener. Thus, in order to cancel the above-mentioned
cross-talk components, the cross-talk canceler 39 performs the
convolution process by use of the phase-inverted signal having
the phase which is inverse to that of the cross-talk component.
Under operation of this cross-talk canceler 39, the outputs of
the sound-directional device 33 are converted into the sounds
which are roughly heard by the left ear only from the left-side
speaker, while the outputs of the sound-directional device 34 are
converted into the sounds which are roughly heard by the right
ear only from the right-side speaker. Such sound allocation can
roughly embody the situation in which the listener hears the
sounds by use of the headphone set. ' |

Meanﬁhile. the cross-talk canceler 39 receives a cross-talk
bypass signal BP from the control portion 31. This cross-talk
bypass signal BP is automatically produced by the control portion
31 when inserting the headphone plug into the headphone jack (mnot
shown). When the headphone plug is not inserted, the cross-talk
bypass signal BP is turned off, so that the sounds are- reproduced
from two speakers while canceling the cross-talk components as

described before. On the other hand, when the headphone plug is

-_
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I nstrument is departed fromthe |istener. In the neantine, it is

possible to conpute the distance between the person and the virtual sound
source which is enbodied

-29 -~

inserted, the cross-talk canceling operation is omitted, so that
the signals are supplied to the headphone set from which the
sounds are reproduced.

Next, the description will be given with respect to the
gethod how to control and fix the sound-image position by the
panning signal PS. When the value of the panning signal'PS is
equal to zero, the foregoing sound effect signal EFS is supplied
to the sound-directional device 34 bnly. Thus, the sound-image
position is fixed at the position of the virtual speaker (1.e.,
position of the speaker 45 in Fig. 13) which is located by the
soﬁnd-directionél device 34. On the other hand, when the value
of the panning signal PS is at "1", the sound effect signal EFS
is supplied to the sound-directional device 33 only, and
consequently, the sound-image position is fixed at the position
of the virtual speaker (i.e., position of a speaker 46) which is
located by the sound-directional device 33. When the value of
the panning signal PS is set at a point between "0" and "1", the
sound-image position is fixed at an interior-division point
corresponding to the panning signal PS between the virtual
speakers 45, 46.

(b) Operation of Fourth Embodiment

Next, description will be given with respect to the
operation of the fourth embodiment by referring to Fig. 13. 1In
Fig. 13, a player 41 is positioned at the center, whereas the
left-side speaker 43 is located at the left/front-side position
from the player 41 which is defined by ¢ =45° , 6 =0° , r=1.5m,
vhile the right-side speaker 44 is located at the right/front-
side position from the player 41 which is defined by ¢ =-45° ,
§ =0° , r=1.5m. In front of the player 41, there is located a
display screen 42 of the video device 23. In the present
embodiment, this display screen 42 has a flat-plate-like shape,
however, it is possible to form this screen by the curved surface
¥hich surrounds the player 41.

Thbisfhernpkmnnu#usheet
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16 - by the delay circuit as shown in Fig. Herein. "r" de ignates

-30-

For example, the player 41 plays the game and the duel scene
of the Western is displayed. 1In this case, the game device 21
outputs the scene-identification signal SCS to the control
portion 31 in the sound-image position control apparatus 22,
gherein this scene-identification signal SCS has the
predetermined scene-ldentifying value, e.g., four-bit data
»0111". Then, the control portion 31 reads out coefficient data
cL, corresponding to the scene-identification signal SCS, from
the coefficient memory 32, whereiﬁ this coefficient data CL
represents the coefficient for the FIR filter which corresponds
to the position of the left-side virtual speaker 45 (defined by
¢ =85° , 8 =0° , r=3.5m). This coefficient data CL is supplied
to the sound-directional device 33. In addition, the control
portion 31 also read out another coefficient data CR representing
the coefficient for the FIR filter which corresponds to the
position of the right/upper-side virtual speaker 46 (defined by
$ =-40° , 6 =65° , r=15.0m). This coefficient data CR is
"supplied to the sound-directional device 34. Thus, the virtual
speakers 45, 46 are located at their respective positions as
shown in Fig. 13.

The game device 21 produces the musical tone signals ML, MR
which are sent to the speakers 43, 44 via the adders 25, 26 and
amplifier 24, whereas the music which is suitable for the duel
scene 1s reproduced, while the other background sounds such as
the wind sounds are also reproduced, regardless of the sound-
image position control. In response to a shot action of a
gunfighter which is the displayed image and plays an enemy role
for the player 41 in the gunfight game, the sound effect signal
EFS representing a gunshot sound is supplied to the sound-image
position control apparatus 22. In this case, if the value of the

" rpanning signal PS is equal to zero, the gunshot is merely sounded
from the position of the virtual speaker R46. Such sound effect
corresponds to the scene in which the gunfighter shoots a gun by

- alming at the player 41 from the second floor of the saloon. On
the other hand, if the value of the panning signal PS is equal to
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a radius of the head of the person M "d" designates a distance between the
sound source and the center of head; and "8" designates an angle which is
formed between the sound source and the front-direction Iine of the head.
In this case, it is possible to conpute di stances "dr" and "dl" by the

foll owi ng equations, wherein "dr" ghgnates a di stance between the sound
source and the right ear of the pers while "dl" designates a distance
thMEfn tge sound source and the left ear of the person. drerr] =
rlerr] + err] - 2rd. sin[err 1 dl [

2rd. sin[& “1 he zunqgg A&y bL sounded(1% the sce&gwfd whi ﬁ”@ﬂe dierr] +

gunfighter 1s placed at the left-side position very close to the
player 41 and then the gunfighter shoots a gun at the player 41.
if the value of the panning signal PS is set at cartain value
petween "0" and "1", the gunfighter 1is placed at certain
interior-division point on the line connected between the virtual
speakers 45, 46, and then the gunshot is sounded.

The game device 21 is designéd such that even in the same
duel scene of the Western, every time the position of the enemy
is changed, new scene-identification signal SCS (having a new
binary value such as "1010") is produced and outputted to the
sound-image position_control apparatus 22. In other words, the
change of the position of the enemy is dealt as the change of the
scene. . Thus, the virtual speakers will be located again in
response to the new scene.

Other than the above-mentioned Western game, the game device
21 can also play the automobile race game. Herein, the game
device 21 outputs a new scene-identification signal SCS (having a
binary value such as "0010"), by which the control portion 31
reads out two coefficient data respectively corresponding to the
right/front-side virtual speaker and right/back-side virtual
speaker. These coefficient data are respectively supplied to the
sound-directional devices 33, 34. In this case, the foregoing
signals ML, MR represent the background music and the engine
sounds of the automobile to be driven by the player 41. Further,
the foregoing signal EFS represents the engine sounds of the
other automobiles which will be running in the race field as the
displayed images. On the basis of the foregoing operation
routine, the panning signal PS is computed and renewed in
response to the position relationship between the player's
automobile and the other automobiles. If another automobile is
running faster than the player's automobile so that another
automobile will get ahead of the player's automobile, the value
of the panning signal PS is controlled to be gradually increased
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Thus, by conputing these distances dr, dl wth réspect-to each of the
strings, it is possible to determne the factors for designing the delay
circuits DL60-DL65 respectively. Incidentally, in the aforenentioned
enbodi ments, it is possible for the user to arbitrarily set the connection
pattern of the matrix controller MIR],and the coefficient applied to each

of the multipliers. O. it is possibl® to store
: pl ural connection patterns
and plural values for each coefficient in advance, so that the useE can

arbitrarily select o of

féém %OQ to ui". &H3g1 in response to the scene in which another
automobile gets ahead of the player's automobile, the sound-image
position of the engine sound of another automobile is controlled

to be gradually moved ahead.

As described above, the fourth embodiment is applied to the
game device. However, it is possible to modify the present
embodiment such that the sound- image position control is
performed in response to the video scene played by the video disk
player. Or, it is possible to apply the present embodiment to
the CD-I system. In this case, the foregolng scene-
ijdentification signal SCS and panning signal PS can be recorded
at the sub-code track provided for the audio signal.

Further, the present embodiment uses two sound-directional
devices, however, it is possible to modify the present embodiment
such that three or four sound-directional devices are provided to
cope with more complicated video scenes. In this case, the
complicated control must be performed on the panning signal PS.
However, it is not necessary to provide hundreds of sound-
directional devices, or it is not necessary to simultaneously
change hundreds of coefficients for the FIR filters.

Moreover, the sound-directional device of the present
embodiment is configured by the FIR filters, however, this device
can be configured by the infinite-impulse response digital
filters (i.e., IIR filters). For example, the so-called notch
filter is. ‘useful when fixing the sound-image position with
respect to the elevation-angle direction. Further, it is also

~ known that the band-pass filter controlling the specific
frequency-band is useful when controlling the sound-image
position with respect to the front/back direction. When
embodying such filter by use of the IIR filters, the fixing
degree of the sound-image position may be reduced as compared to
the FIR filters. However, the IIR filter has a simple
‘configuration as compared to the FIR filter, so that the number
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[C Third Enbodi nent Next, description will be given with respect to
the third enbodinent of the present invention, in which the sound-inage
position control apparatus 1 is applied to a gane device 9. by referring
to Figs. 8 to 10. Fig. 8 is a block diagram show ng an el ectronic
configuration of a gane device 9. Herein, 10 designates a controller which
controls the joy-stick unit, tracking®all unit

of the coefficients can be reduced. In short, the IIR filter is
advantageous in that the controlling can be made easily.

Lastly, this invention may be practiced or empodied in still
other ways without departing from the spirit or essentlial
character thereof as described heretofore. Therefore, the
preferred embodiments described herein are illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims and all variations.which come within the meaning
of the claims are intended to be embraced therein.
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and several kinds of push-button switches (not shown) so that the
operating states of themare sent to a control portion 11. The control

portion 11 contains a. central processing:unit (i.gd’#i_glf,and—sever”
klngs of |nt§rface circuits, whereas it is design to exec‘ “ ‘
predeterm ned gane progranms stored ifyga program . “\“ \\“‘““ “'“

CLAIMS:

1. A sound-image position control apparatus characterized by
comprising: ’

a signal mixing means (MTR1l) for mixing plural audio signals
supplied thereto in accordance with a predetermined signal mixing
procedure so as to output plural mixed signals; and

a virtual-speaker position control means (DL10-DL13, KL10-
KL13, KR10-KR13, AD10-AD13) for hpplying different delay times to
each of said plural mixed signals so as to output delayed signals
as right-side and left-side audio signals to be supplied to
right-side and left-side speakers (SP(R), SP(L)), thus -
controlling sound-image positions formed by virtual speakers
(VS10-VS13) to be emerged as sound-producing points each of which
virtually produces sounds corresponding to each of said plural
mixed signals,

whereby sounds applied with a stereophonic effect and a
clear sound-image discrimination effect are to be actually
produced from said right-side and left-side speakers as if the
sounds are virtually produced from said virtual speakers of which
positions are determined under control of said virtual-speaker
position control means. "

2. A sound-image position control apparatus characterized by
comprising:

a first mixing means (MTR1l) for mixing plural audio signals
supplied thereto in accordance with a predetermined signal mixing
procedurefso as to output plural mixed signals;

a plﬁrality of delay means (DL10-DL13) each having two delay
times, each of said delay means delaying one of said plural mixed
signals by said two delay times respectively so as to output two
delayed signals as right-side and left-side delayed signals
respectively used for right-side and left-side speakers (SP(R),
SP(L)): and |

a second mixing means (KLlO-KL13 KR10-KR13, ADlO—ADlS) for
dixing sald right-side delayed signals respectively outputted
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from said plurality of delay means together so as to output a
right-side audio signal, sald second mixing means also mixing
said left-side delayed signals together soO as to output a left-
side audio signal, so that said right-side and lefg-side speakers
produce sounds, applied with a stereophonic effect, on the basis
of said right-side and left-side audio signals,

whereby a plurality of virtual speakers (VS10-VS13) are
emerged as sound-producing points of which positions are
" controlled by said plurality of delay means.

-

3. A sound-image position control apparatus characterized by
comprising: '

a sound source means (17) for generating plural audio
signals;

a virtual-speaker position control means (DL10-DL13, KL10-
KL13, KR10-KR13, AD10-AD13) for receiving said plural audio
signals and then applying different delay times to each of said
plural audio signals so as to output delayed signals as right-
side and left-side audio signals to be supplied to right-side and
left-side speakers (SP(R), SP(L)), thus controlling sound-image
positions formed by virtual speakers (VS10-VS13) to be emerged as
sound-producing points each of which virtually produces sounds
corresponding to each of said plural audio signals; and

a display means (15) for displaying a predetermined animated
image on a display screen thereof, said animated image '
corresponding to the sounds to be virtually produced from each of
said virtual speakers, wherein a display position of said
animated image corresponds to a position of the sound-producing
point embodied by said virtual speakers so that the position of
the sound-producing point corresponding to said animated image is
moved in accordance with a movement of said animated image on the
display screen of said display means.

4. A sound-image position control apparatus as defined in claim
_ 1 wherein said signal mixing means is a matrix controller (MTR1)
containing plural multipliers (M1-M12) and plural adders (IN10-
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5. A sound-image position control apparatus as defined in claim
. 1 wherein said virtual-speaker position control means further

comprises

a plurality of delay circuilts (DL10-DL13) each having two
delay times, wherein each of said plurality of delay circuits
delays one of sald plural mixed signals by two delay times
respectively so as to output two delayed signals; and

_ an allocation ratio applying means (KL10-KL13, KR10-KR13,

. AD10-AD13) for applying a predetermined allocation ratio to said
delayed signals, thus allocating them as said right-side and
left-side audio signals to be respectively supplied to said
right-side and left-side speakers.

6. A sound-image position control-system characterized by
comprising: '

a means (21) for producing a video signal and an audio
signal which are related to each other;

a scene-identification signal producing means (21) for
producing a scene-identification signal (SCS) corresponding to
each scene of a display image;

a plurality of speakers (43, 44);

a sound-image forming means (33, 34) for driving sald
speakers by performing a predetermined signal processing on sald
audio signal so as to form a sound image at a desirable position
which 1s not only located within linear space connected between
said speakers; and

a control means (31) for changing over the contents of the

- signal processing in response_ to said scene-identification signal
so as to control and fix a sound-image position of said audio
signal.

T. A sound-image position control system characterized by

I This is the repiacement sheet
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in the progress of the game, so that the corresponding visual inage is
Q|§played at the predeterm ned position of a display screen of a display
anit 15 by the predetermined display size in response to the progress of
the gane. "Next, a coordi nate/ sound-i nage-position coefficient

conversion nmenory 16 stores paraneters by which: t on of the
character Cin the display unit 15 is3#-ocated at WMHmFIm“ﬂl ”m
correspondi ng to the sound-imge position in the tMD‘Ulﬁensloﬂal*area

9 shows a nenory configuration of

comprising:

an audio/video information producing means (21) for
producing a video signal and an audio signal which are related to-
each other, said means also producing a scene-idertification
signal (SCS) corresponding to each scene of a display image which
is displayed by a display unit (23, 42);

at least two speakers (43, 44) which are respectively
located at predetermined positionms;

a sound-image forﬁing means i33, 34) for performing a
predetermined signal processing on said audio signal so that said
apparatus forms a sound image at a desirable position in a three-
dimensional space surrounding a person who watches the display
image; and '

a control means (31) for changing over the contents of the
signal processing in response to said scene-identification signal
so as to control a sound-image position of said audio signal.

8. A sound-image position control system as defined in claim 7
wherein said sound-image forming means includes at least two
virtual-speaker position control means (33, 34) which
respectively perform predetermined signal processings
corresponding to said scene-identification signal on said audio
signal so as to form at least two virtual speakers by which the
sound image corresponding to said audio signal is formed.

9. A sound-image position control system as defined in claim 8
wherein said audio/video information producing means also
produces a panning signal (PS) by which the sound-image position
is located at certain interior-division point in linear space
connected between said virtual speakers;

10. A sound-image position control system as defined in claim 7
wherein said sound-image forming means 1s configured by use of a

finite-impulse response digital filter (i.e., FIR filter).

11. A sound-image position control apparatus characterized by

is Sheet Has Been Replaced
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t he above-nenti oned coordinate/sdund-inagefpositfon coefficient conversion

menory 16. Fig. 10 shows a position relationship between a DLayEL_ELof t he
gane and the ganme device 9 in the two- dinensional  area.

coordi nates of the coordinate/ sound- i mage- positi 3“1““ﬂﬂﬂ!‘ﬂ]ﬂu%l‘mhver si on
menory 16 as shown in Fig. 9 may correspond to th of the
di spl ay screen. of the display unit 1bggln Fig. 9, the out put channel nunber
CH of a sound source 17 and sone of tﬁe coefficients CM -CML2 which are

used by the nultipliers M-ML2 in the sound-inmage position control

apparatus 1 are stored at the menory area designated b
PP comprising: y 9 y

at least two virtual-speaker means (DL10-DL13, KL10-KL13,
KR10-KR13) each of which outputs plural signals:

an allocation means (MTR1l) which receives am input signal
thereof so as to allocate it to said virtual-speaker means;

addition means (AD10-AD13) for adding plural output signals
of said virtual-speaker means; and

a plufality of real-speaker means (SP(L), SP(R)) for
producing sounds corresponding_tb addition results of said
addition means.

12. A sound-image position control'apparatus as defined in claim

11 further providing a cross-talk canceling means (XTC) between

said addition means and said plurality of real-speaker means,

said cross-talk canceling means canceling a cross-talk phenomenon

which is occurred between sounds produced from said plurality of
~ real-speaker means.
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the X-, Y-coordinate val ues which indicates the display posftion of the

Ehafacter Cin the display unit 15. For exanple at an area designated by
AR'. a value "13" is stored as the output

- 39 -

SOUND-IMAGE POSITION CONTROL APPARATUS

ABSTRACT

In order to obtain a sound-broadened image sand a clear
sound-image discrimination image when producing plural kinds of
sounds, the electronic musical instrument and the like provides a
sound-image position control apparatus. This apparatus at least
provides a signal mixing portion (e.g., matrix controller; MTR1)
and a virtual-speaker position control portion (DL10-DL13, KL10-
KL13, KR10-KR13, AD10-AD13). Herein, the signal mixing portion
pixes plural audio signals supplied from a sound source (17) and
the like in accordance with a predetermined signal mixing
procedure so as to output plural mixed signals. In order to
control positions of virtual speakers (VS10-VS13) which are
emerged as sound-producing points as if each kind of sounds 1is
produced from each of these points, the virtual-speaker position
control portion applies different delay times to each of plural
" mixed signals so as to output delayed signals as right-side and

left-side audio signals to be respectively supplied to right-side
. and left-side speakers (SP(R), SP(L)). Thus, the sound-image
positions formed by the virtual speakers are controlled well, so
that the person can clearly discriminate and recognize each of
the sound-image positions. When applying this apparatus to the
game device providing a display unit which displays an animated
image representing a visual image of the air plane and the like,
by adequately controlling the sound-image position, it is
possible to obtain a brand-new live-audio effect, by which the
point ofzproducing the sounds corresponding to the animated image
can be moved in accordance with the movement of the animated
image which is moved by the player of the game.

FIGURE 1A
This is the replacement sheet
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- 18- channel nunber, while the other val ues "0.6" and "0.8" are also

stored as the coefficients Cvb, CM6 used for the nultipliers Mo. Mo
respectively. :

-1 -

TR T TR10
{\DL10 ~
KL10Y  YKRIO

T TR

e J_ TL13 . TRI3
MTR1

(SOUND-IMAGE POSITION CONTRO
FIGl A APPARATUS OF 1ST EMBODIMENT)

|
' | VS§12
_vsn&\ | /,Q
SP(L) \ ! / - 'SP(R)
N ; 1 V813
452\\\ QZZQ \24°|24" / éZZ? /,’S§>
' .\\‘\.".'60.\ ,60. /;_/' s

. (POSITION RELATIONSHIP BETWEEN
This Sheet Has Been Replaced FIG']' B PERFORMER M. AND SPEAKERS)
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The X/Y coordi nates of the coordinate/ sound-image-position coefficient
conversion nenory 16 are set corresponding to those of the actual

t wo- di nensi onal area shown in Fig. 10. In other words. the display position
~of the character Cin the display unit 15 corresponds to the actual

t wo- di nensi onal position of the player-a8& shown in Fig. 10. Thus, by
adequately setting the paraneters, the sounds wll be produced fromthe
actual position corresponding to the display position of the character C
Incidentally, the nmenory area of the coordi nate/sound-inage- position
coefficient coirersion menory 16 is set larger than the

CH10
M2
CH11

M3 L IN10

CH12

M5
M6

CH13 | 1 | XTC_.
M7 |
M8
CH14 IN13
M10 ¥
- CH1S

M11
M12

CH16

M13

(ANOTHER EXAMPLE OF 18T
CH”MM FIG 2 A EMBODIMENT)

DL10

e
A

SP(L)

This Sheet Has Been Replaced . This is the rep‘aoemm sheet

LT II o FEB 197




di splay area of the display unit 15. In this case, the proper channel
‘nunber CH and sone of the coefficients CM-CML2 are nenorized such that
éven if the character Cis |ocated at the coordinates of which position
cannot be displayed by the display unit 15. the sounds are produced from
~the actual position corresponding to the3ceordi nates of the character C
Mor eover, the display position of the character Cis controlled to be
automatically changed in response to the progress of the gane on the basis
of the game prograns stored in the programnenory 12, or it is controlled -
to be changed in response to the manual

-t -DL 31
KL30

ot KL31

KR33

DL3? | q
KR32 _‘
DL33

-R

(DETAILED CONFIGURATION OF CROSS-TALK
FIG.3 A CANCELER 2)

SP(L) | SP(R)
« i (
2 ¢
.
—
N 45°,0. 450 7

L
NP )
ST

FIG.3 B
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Laaanil

operation applied to the controller 10. Next, the sound source 17 has
pl ural channels, used for the generation of the sounds, which are
respectively operated in a time-division nanner. Thus in response to the
instruction given fromthe control portion 11, each channel produces a

musi cal tone waveform signal. Such nushcal-tone waveform signal is
delivered to the predeterm ned one or sonme of eight channels

the sound-image position control apparatus 1. Part|cular|y rm@m@aﬁm

B iy | ()
1@ @&}

O

' (POSITION RELATIONSHIP BETWEEN
FIG.4 PERFORMER P AND [NSTRUMENT 1)

DL50
Y

YDL51 !

XTC

1y

1
A

FIG.S (MODIFIED EXAMPLE OF 1ST EMBODIMENT)
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-
deI | vered to certain channel CﬁWﬁl ch is desi gnat ed by the foregm ng out put
nel nunber CHis Sheet Hesmee ore, thi

T ———

Dae: 26 FEB 1997

STR60
STR61 |-
SP(R)
; STR
MiDI | = \\\
~ SIGNAL XTC|.]
| STRG3 fEEr)
STR64
STR65

r: RADIUS OF HEAD OF PERSON M

d: DISTANCE BETWEEN SOUND SOURCE
AND CENTER OF HEAD -

dr: DISTANCE BETWEEN RIGHT EAR
AND SOUND SOURCE
dredr=rertded-2rdsin®

dl: DISTANCE BETWEEN LEFT EAR
AND SOUND SOURCE
dledl=rer-ded$2rdsin®

0: CENTER OF HEAD OF PERSON M

FIG 7 (POSITION RELATIONSHIP BETWEEN HEAD OF PERSON
AND VIRTUAL SOUND SOURCE)
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wherein the predeterm ned coefficients

apparatus 1 has the el ectronic

t he sound-i mage position of each channel

sound-i mege position control

configuration as shown in Fig. 1(A)),
CML- CML2 are respectively applied to the nultipliers Ml-ML2 so as to

control
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Ch when producing the sounds fromthe speakers SP(L), SP(R).

According to the electronic configurations as described heretofore. when °
the power is applied to the gane device 9. the control portion 11 is
activated to execute the prograns stored in the pr ogrrmimherrgplﬂ@@@ma@qeé
progress the ganme. In response to the pr@ggress of the gane, one of the
background i mages BGl, B&. BG3 is selectively read from Zi I mage

i nformati on nmenory 14 so that the selected backgrounmzatgz;si gEgiqgg?ayed on
the display screen of the display unit 15. Simlarly, one of the

J

| 1
\AR

"FIG.O (MEMORY MAP OF MEMORY 16)

|

] .
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character images Cl, C2, C3 is selectively read out so that the selected
character image is di spl ayed in the display unit 15. Meanwhile, the control
portlon 11 gives an instruction to the sound source 17 so as to produce the
musi cal tone waveform signals corresponding to the background rmusic in
response to the progress of the gane. I-n8addition, the contgr.o

al so instructs the sound source 17 to produce the ot [ %W@%}%’Bﬂsw@t
wavef orm si gnal s having the nusical tone characteristics (such as the tone

color, tone pitch, sound effects, etc.) correspondi ngygsl: t h r C
Mor eover, the control portion 11 r_?acE out the eér}aﬁ@(ﬁiﬁ -
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6utput channel nunmber CH and coefficient CM (i/e.. one or sone of CM-CML2)

fromthe nmenory area of the coordi nate/seund-i mage- position %P
€onversion nmenory 16 corresponding to the display'mmsﬂ&ihﬁﬁegp

hit sheett
e character

Cin the display unit 15, and then the read data are supplied to the sound

source 17 and sound-

| mage position contrgol- apparatus . 1 res

pecting8l y. In
this case. the sound source 17 produces the nusi caP nézﬂ&ﬁgﬁbtﬁﬁsignal

corresponding to the character C, and this nusical
outputted to the sound-inmage position control
Ch which is designated by the output channel

tone waveform signal is
apparatus 1 fromthe channe
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nunber CH. The ot her nusical tone waveformsignals are also outputted to
t he sound-i nage position control apparatus 1 from
', .

© This is the repiacement sheel
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__poSitioﬁ'coniroI apparatus 1. ZheA 261 2he coeffi
" toor di nat e/ sound- i mage- posi ti on coef¥sisci ent conv
supplied to each of the multipliers M-ML2. Thus.

SP(R) at the fixege
i ntenti onal Iy nnorntn
control.

and consequémHly SHEPE Hﬁgsgmd sounds are produce

t he

§ ;

, tihe sound- i magsg

of each channel is controlled to be fixed respongi e 1d Alté 18t {i ¢i ent OM
f

position

romthe speakers$ SP(L),
| MAgp positi@ns. en the player

caohtroller 10 to nove the—eharaster C. | he
portion 11 I s operated so

sound-image position control apparatus 1 haé the electronic
configuration as shown in Fig. 1(A), wherein the predetermined
coefficients CM1-CM12 are respectively applied to the multipliers

. M1-M12 so as to control the sound-image positiomn¢ of each channel

ch when producing the sounds from the speakers SP(L), SP(R).

According to the electronic configurations as described
heretofore, when the power is applied to the game device 9, the
control portion 11 is activated to execute the programs stored in
the program memory 12 so as to progress the game. In response to
the progress of the game, one of the background images BGl, BG2,
BG3 is selectively read from the visual image information memory
14 so that the selected background image is displayed on the
display screen of the display unit 15. Similarly, one of the
character images Cl, C2, C3 is selectively read out so that the
selected character image 1s displayed in the display unit 15.
Meanwhile, the control portion 11 gives an instruction to the
sound source 17 so as to produce the musical tone waveform
signals corresponding to the background music in response to the
progress of the game. In addition, the control portion 11 also
instructs the sound source 17 to produce the other musical tone
waveform signals having the musical tone characteristics (such as
the tone color, tone pitch, sound effects, etc.) corresponding to
the character C. Moreover, the control portion 11 reads out'the
output channel number CH and coefficient CM (i.é.. one or some of
CM1-CM12) from the memory area of the coordinate/sound-image-
position coefficient conversion memory 16 corresponding to the
display position of the character C in the display unit 15, and
then the read data are supplied to the sound source 17 and sound-
image position control apparatus 1 respectively. In this case,
the sound source 17 produces the musical tone waveform signal
corresponding to the character C, and this musical tone waveform
signal is outputted to the sound-ihage position control apparatus
1 from the channel Ch which is designated by the output channel
Number CH. The other musical tone waveform signals are also
Sutputted to the sound-image position control apparafus 1 from

This Sheét Has Been Reﬂlaced
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character C.

The present invention relates to a sound-image position .
control apparatus which is suitable for use in the electronic
musical instruments, audio-visual devices and the like so as to
eventually perform the sound-image localization.

As the device which offers the person the sound-broadened
image, there are provided the stereo-chorus device, reverberation
device and the like. Hérein, the former one is designed to
produce the sound of which phase is slightly shifted as compared
to that of the original sound so that this phase-shifted sound
and the ofiginal sound are alternatively produced from the left
and right loud-speakers, while the latter one is designed to
impart the reverberation effECt to the sounds.

In addition, there is another device, called the panniﬁg
device. This panning device is'designed to provide the
predetermined output-level difference between the sounds which
are respectively produced from the left and right loud-speakers,
resulting that the stereophonic effect or stereo-impressive image
‘1s applied to the sounds.

The above-mentioned stereo-chorus device or reverberation
device can enlarge the sound-broadened image. However, there is
a drawback in that the sound-distribution image which is sensed
by the listener must become unclear when enlarging the sound-
broadened image. Herein, the sound-distribution image is defined
as a degree of discrimination in which the person who listens to
the music from the audio device can specifically discriminate the
sound of certain instrument from the other sounds. For example,
when listening to the music played by the guitar and keyboerd by
the audio device having a relatively good sound-distribution
image control, the person can discriminate the respective sounds
as if the guitar sound is produced from the predetermined left-
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According to the present enbodi nent, .when the charg
yisual image of the air plane is |ocated outside of
display unit 15 and such character Cis npved cl osg
hi s back, the character Cis not actualljzdlsplayec
of the display unit 15. However, since the foregoing
coor di nat e/ sound- i mage- posi ti on coefficient convers

ent+ng the
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position (hereinafter, such virtual position will be referred to as the sound-image
position). When listening to the music by use of the aforementioned stereo-chorus
device or reverberation device, it is difficult for the person to ctearly discriminate
the sound-image positions.

In the panning device, the-sound-image position must be fixed at the predetermined

position disposed on the line connecting the left and right loud-speakers on the basis of

the sound-image localization technique, resulting that the sound-broadened image

cannot be substantially obtained. In other words, when simultaneously producing

plural sound each having a different sound-image position, the panning device merely

functions to roughly mix up those sound so that the clear sound-image positions cannot
be obtained.

in the meantime, the panning device is frequently equipped with or built in the
electronic musical instrument when simulating the sounds of the relatively large-
scale instruments such as the piano, organ and vibraphone. In such instrument (e.g.,
piano), the sound-producing positions must be moved accompanied with the
prograssion of notes, thus, the panning device functions to simulate such movement of _
the sound-producing positions.

However, the panning device alsc suffers from the aforementioned drawback. More
specifically, the panning device can offer certain degree of panning effect when
simulating the sounds, however, it is not possible to clearly discriminate the sound-
image position of each of the sounds to be produced. In short, the panning device cannot
perform the accurate simulation with respect to the discrimination of the sound-image
pasitions. ' |

EP-A-0 357 402 discloses a sound imaging method and apparatus. The sound
processing according to this reference involves dividing each monaural or single
channel signal into two signals and then adjusting the differential phase and amplitude
of the two channel signals on a frequency dependent basis in accordance with an
empirically derived transfer function that has a specific phase and amplitude
adjustment for each predetermined frequency interval over the audio spectrum. For
each different sound source location a specific transfer function must be empmcally
derived and stored. lf a sound source should be made to appear to move, a large number _
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t he' sounds are comng closer to the player P fromhis back. As a . result,
the player P can recognize the existence and novenent of the air plane of

which visual image is not actually di splqayed. This can offer a brand-new
live-audio effect which cannot be obtdl ned fromthe conventional gane
devi ce system

of different transfer functions must be provided and stored in the apparatus. Since each -
transfer function is empmcally derived this method is very time consuming.

US-A-4,685,134 discloses a muiti-channel computer generated sound synthesis
system. The system includes in each channel a sound generator having a programmable
delay and an adjustable gain. This known system is expensive since each of the channel
requires at least one separate sound generator. If different kind of sounds should be
produced simultaneously the number of the sound generators and thus the costs of the
sound system would increase drastically.

It is accordingly a primary object of the present invention to provide a sound-image
position control apparatus by which even when simultaneously producing plural
sounds each having a different sound-image position, it is possible to clearly
discriminate the sound-image position of each of the sounds to be produced.

It is another object of the present invention to provide a sound-image positiort control
apparatus which can offer the sound-broadened effect, stereophonic effect or stereo-
impressive image when simuitaneously producing plural sounds each having a
different sound-image position.

it is a further object of the present invention to provide a sound-image position
control apparatus which can offer a sound-image localization with a simple
configuration of the apparatus. '

These objects are achiéved according to the invention by a sound image position control
apparatus comprising: . | |

a sound signal input means for inputting sound signals;

at least two real speakers for outputting output sound signals;

a plurality of virtual speaker forming means coupled to the real speakers so as
to define a virtual speaker sound field enlarged with respect to 2 sound field defined by
positions of the real speakers, each of the plurality of virtual speaker forming means
‘processing a signal input thereto so that a sound generated by at least two of the real
speakers is localized at a position of a corresponding virtual speaker, wherein each of
the plurality of virtual speaker forming means generates right-side and left-side
signals by processing the signal input thereto: ' |
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a mixing means for mixing the right-side signals output by the at least two of
the virtual speaker forming means and then providing the mixed right-side signals to
one of at least two of the real speakers and for mixing the left-side signals output by
the at least two of the virtual speaker forming means and then providing the mixed
left-side signals to the other of the at least two of the real speakers, characterized by

a distributing means for receiving a sound signal from the sound signal input
means and then distributing it among at least two of the virtual speaker forming means
at a distribution ratio;

wherein a sound, corresponding to the sound signal, generated by the at least
two of the real speakers is localized at a position between at least two virtual speakers,
corresponding to the at least two of the virtual speaker forming means, in accordance
with the distribution ratio.

According to the fundamental configuration of the present invention, the sound-image
position control apparatus comprises a signal mixing portion and a virtual-speaker
position control portion. Herein, the signal mixing portion mixes plural audio signals
supplied thereto in accordance with a predetermined signal mixing procedure so as to
output plural mixed signals. The virtual-speaker position control portion applies
different delay times to each of piural mixed signals so as to output delayed signals as
right-side and left-side audio signals to be respectively supplied to right-side and
left-side speakers. In this case, some virtual speakers are virtually emerged as
sound-producing points as if each of the sounds is produced from each of these paints.
Thus, sound-image positions formed by the virtual speakers are controlled in
accordance with plural mixed signals.

Under effect of the aforementioned configuration of the present invention, the sounds
applied with the stereophonic effect and clear sound-imag'e discrimination effect are to
be actually produced from: the nght—sade and left-side speakers as if the sounds are
virtually produced from the virtual speakers of
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Incidentally, the present enbodinent is designed to manage the novenent of
the character Cin the two-dinensional coordinate system O course, the

present invention is not limted to it. so that the present enbodi nent can
be nodified to manage the novenent of the character Cin the

t hr ee- di nensi onal coordi nate system .l g such nodification, nunber of the
actual speakers are increased, and they are arranged in the

three-di Eﬁl &ﬁe%e"f 23 %enﬁeté%éaeuaae%e%neabpdweme HeuslY

coordlna es are set corresponding to those of the
act ual sa@aker position control portion.

' When applying this apparatus. to the game device providing a
display unit which displays an animated image representing an
image of the air plane and the like, by adequately controlling
the sound-image position, Lt is possible to obtain a brand-new
iive-audio effect, by which the point of producing the sounds

| corresponding to this animated image is moved in accordance with
the movement of the animated image which is moved by the player
of the game.

Moreover, the present invention can be easily modified to be
applied to the movie system or video game device in which the
sound-image position is controlled responsive to the video image.
This system comprises an audio/video signal producing portion; a
scene-identification signal producing portion; a plurality of
speakers; a sound-image forming portion: and a control portion.

The above-mentioned scene-identification signal producing
portion outputs a scene-identification signal in response to a
scene represented by the video signal. The sound-image forming
poftion performs the predetermined processings on the audio
signals so as to drive the speakers. Under effect of such signal

- processings, the speakers produce the sounds of which sound-image
positions are fixed at the desirable positions departing from the
linear spaces directly connecting the speakers. The control
portion controls the contents of the signal processings so as to
change over the fixed sound-image position in respomnse to the
scene-identification signal. '

Further objects and advantages of the present invention will
be apparent from the following description, reference being had
to the accompanying drawings wherein the preferred embodiments of
the present invention are clearly ‘shown.

In the drawings:
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di mensi onal area. However, this enbodi nent can also nodified to sinulate
the gane of the autonobile race. In this case, only the character C which
is displayed in front of the player P is displayed in the display unit 15
by matching the visual range of the player P with the display area of the
di splay unit 15. [D] Fourth Enbodi oegt - Next, the description wll be
given with respect to the fourth enbodi nent of the present invention,

wherein the ffévut(A) is a block diagram showing an electronic
configuration of a sound-image position control apparatus
according to a first embodiment of the present invention;

Fig. 1(B) is a plan view illustrating a position
relationship between the performer and speakers:

Fig. 2(A) is a block diagram showing another example of the
arrangement of circuit elements in a matrix controller;

 Fig. 2(B) is a plan view i}luétrating another example of the
position relationship between the performer and speakers;

Fig. 3(A) is a block diagram showing a detailed electronic
configuration of a cross-talk canceler shown in Fig. 1(A):

Flg. 3(B) is a plan view illustrating another example of the
position relationship between the performer and speakers:

Fig. 4 is a plan view illustrating a fundamental position
relationship between the performer and speakers according to the
present invention:

Fig. S is a block diagram showing a2 modified example of the
first embodiment;

Fig. 6 is a block diagram showing an electronic
configuration of a sound-image position control apparatus
according to a second embodiment of the present invention;

Fig. 7 is a drawing showing a relationship between the
person and virtual sound source;

Fig. 8 is a block diagram showing an electronic
configuration of a game device to which a sound-image position
control apparatus according to a third embodiment of the present
‘invention is applied;

Fig. 9 is a drawing showing a two-dimensional memory map of
a coordinate/sound-image-position coefficient conversion memory
shown in Fig. 8:

Fig. 10 is a plan view illustrating a pcsition relationship
between the player and game device; '

' Fig. 11 is a block diagram showing an electronic
configuration of a video game system;

Fig. 12 is a block diagram showing an electronic
configuration of a sound-image position control apparatus, shown

REPLACEMENT SHEET I

This Sheet Has B

v | ARG




i mage position control apparatus is nodified to be applied to the novie
system video gane device (or television gane device) or so-called CDI
systemin which the sound-inage position is controlled responsive to the

vi deo i mage. Bef ore describing the fourth enbodi nent in detail in
conjunction with Figs. 11 to 13, the_dgscription will be given with respect
to the background of the fourth enbodi nent by referring to Figs. 14 and 15.

in Fig. 11, according to a fourth embodiment of the present
invention: .

Fig. 13 is a drawing illustrating a position relapionship
among & listener, loud-speakers and a video screen;

Flg. 14 illustrates a polar-coordinate system which is used
for defining a three-dimensional space; and

Fig. 15 is a block diagram showing a typical example of a
virtual?speaker system, of which concept is applied to the fourth
embodiment.

Now, description will be given with respect to the
embodiments of the present invention by referring to the
drawings, wherein the predetermined position relationship 1is
fixed between a performer P and an instrument I as shown in Fig.
4. In the description, the lateral direction indicates an arrow
direction "a", while the longitudinal direction indicates an
arrow direction "b" as shown in Fig. 4.

{(A] First Embodiment
(1) Configuration
Fig. 1(B) is a plan view illustrating 2 position

relationship between a person M (il.e., performer) and an
electronic musical instrument containing two speakers (1i.e.,
loud-speakers). Herein, KB designates a keyboard providing
plural keys, wherein when depressing a key, a tone generator (not
shown) produces a musical tone waveform signal having the pitch
‘corresponding to the depressed key. SP(L) and SP(R) designate
left and right speakers respectively. These speakers SP(L),
SP(R) are respectively arranged at the predetermined left-side
and right-side positions of the upper portion of the instrument.

Fig. 1(A) is a block diagram showing an electronic
configuration of a sound-image position control apparatus 1l
‘according to a first embodiment of the present invention. This
apparatus 1 provides eight channels respectively denoted by
numerals Chl0 to Chlﬁ (glven with a general numeral "Ch"),
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First of all, the so-called binaural technique is known as the technique
which controls and fixes the sound-image position in the three-di nensional
space. According to the known techni que, the sounds are recorded by use of
the m crophones which are located within the ears of the foregoi ng dumy
head, so that the recorded sounds are rgeproduced by use of the headphone

qnerein each channel Ch receives the musical tone waveform signal
p,_-oduced from the tone generator. Specifically, the musical tone
qaveform signal supplied to each channel Ch has the allocated
frequency domain corresponding to some musical notes

(nereinafter, referred to as the allocated tone area).

More specifically, the allocation of the tone areas is given
as follows: the musical tone wavqform'signal of which tone area
corresponds to the lowest-pitch note to Cl note is supplied to
¢he channel Ch10, while the musical tone waveform signal of which
cone area corresponds to C#l note to C2 note is supplied to the
channel Chll. Similarly, the tone area of C#2 to F2 is allocated
to the channel Chl2; the tone area of F#2 to C3 1s allocated to
the channel Chl3; the tone area of C#3 to F3 is allocated to the
channel Chl4; the tone area of F#3 to C4 is allocated to the

' channel Chl3; the tone area of C#4 to C#S is allocated to the
channel Chl6; and the tone area corresponding to the D5 note to
the highest-pitch note is allocated to the chennel Chl7.

Next, M1 to M12 designate multipliers which multiply the
nusical tone waveform signal supplied thereto by respective
coefficients CM1 to CM12. IN10 to IN13 designate adders, each of
which receives the outputs of some multipliers. The above-
menticned elements, i.e., multipliers M1 to M12, adders IN1O to
IN13 and channels Chl0 to Chl?7 are assembled together into a

‘matrix controller MTRL. Herein, the connection relationship and
arrangement relationship among those elements of the matrix
controller MTR1 can be arbitrarily changed in response to the
control signal and the like. Incidentally, the detailed
explanation of this matrix controller MTRL will be given later.

Meanwhile, DL10 to DL13 designate delay circuits which
respectively delays the outputs of the adders IN10 to IN13. Each
of them has two output terminals each having a different delay
time.. '
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set so as to recogni ze the sound-i mage position which is fixed at

The signal outputted from a first output terminal TL10 of
the delay circult DL10 is multiplied by the predetermined
coefficlent by a multiplier KL10, and then the multiplied signal
is supplied to a first input (i.e., input for tng'lefc-side

speaker) of a cross-talk canceler 2 via an adder AD10. On the
other hand, the signal outputted from a second output terminal
TR10 of the delay circuit DL10 is multiplied by the predetermined
coefficient by a multiplier KR10, and then the multiplied signal
is supplied to a second input ({.e.. input for the right-side
speaker) of the cross-talk canceler 2 via adders AD12, AD13.

Similarly, the signal outputted from a first terminal TL1l
of the delay circuit DL1l is eventually supplied to the first
input of the cross-talk canceler 2 via a multiplier KL11 and the
adder AD10. while another signal outputted from a2 second terminal
TR1l of the delay circuit DL11l is eventually supplied to the
second input of the cross-talk canceler 2 via a multiplier KR1l
and the adders AD12, AD13. The signal outputted from a first
terminal TL12 of the delay circuit DL12 is eventually supplied to
the first input of the cross-talk canceler 2 via a multiplier
KL12 and the adder AD1l, AD10, while another signal outputted
from a second terminal TR12 of the delay circuit DL12 is
eventually supplied to the second input of the cross-talk
canceler 2 via a multiplier KR12 and the adder AD13. Lastly. the
signal outputted from a first terminal TL13 of the delay circuilt
DL13 is eventually supplied to the first inmput of the cross-talk
canceler 2 via a multipiier KL13 and the adders AD11l, AD10, while
another signal outputted from a second terminal TR13 of the delay
circuit DL13 is eventually supplied to the second input of the
cross-talk canceler 2 via a multiplier KL13 and the adder AD13.

The above-mentioned cross-talk canceler 2 is designed to
cancel the cross-talk sounds which are emerged when the person
hears the sounds with his both ears. In other words, this is
designed to eliminate the cross-talk phenomenon ih which the
right-side sound s entered into the left ear, while the left-
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the predeternined position in the three-dinensional space. Recently, some
attenpts are nade to sinmulate the tone area which is fornmed in accordance

with the shape of the dunmy head. In other words, by simulating the
transfer function of the sounds which are transmtted in the

t hr ee- di nensi onal space by use of the gjgital signal processing technique,
t he sound-inage position.s controlled to be fixed in the three-di nensional

. space. gi4 so‘ﬁga ngggtgggg sNEbethof ridter ave- IRYY.i Giad shows ahnensi onal
space Cfiémp le %flgge c¥r 9; gPetﬁilqggéégléglﬁﬁcanceler 2. This
circuit is designed on the basis of the transfer function of head
which is obtained through the study of the sount transmission
petween the human ears and dummy head (1i.e., virtual simulation
podel of the human head). On the basis of the experimental
values obtained through the transfer function of head, the study
is made to compute the sound-a;;ival time differences between the
jeft and right ears and the peak values of the impulse response
of the transfeflfunction. In response to these values, this

circuitry performs the delay operations and weight functional
caluculus.

The observation {s made on the model wherein both of the
speakers SP(L), SP(R) are positioned apart from the person M by
1.5 m respectively and they are also respectively arranged at the
predetermined left-side and right-side positions each of which
direction is deviated from the front directiocn of the person M by
45° . Since the foregoing transfer function of head of the
person M is the symmetrical function. one of the speaker SP(L),
S2(R) is sounded so as to actually measure the sound-arrival time
difference between the left and right ears and the peak values of
the impulse response. Herelin, coefficients of multipliers and
delay times of delay circuits in the circuitry shown in Fig. 3(A)
are determined on the basis of the result of the measurement.

For example, when the result of the measurement indicates that
the left/right level difference 1s at 6dB (or_o.s) and the
left/right time difference is at 200z s, the same coefficient
"~0.5" is applied to multipliers KL30, KR32, while the same delay
time 200z s is set to delay circuits DL30. DL32. Incidentally,
‘the other circuit elements in Fig. 3(A). l.e., delay circuits
DL31, DL33 and multipliers KL31, KR33 configure the all-pass
filter which is provided to perform the phase matching. .

As shown in Fig. 1(A), the left and right ocutput signals of
the cross-talk canceler 2 are amplified by an amplifier 3 and
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Fig. 14. In Fig. 14, "r" designates a distance fromthe origin "0"; [err]
designates an azimuth angle with respect to the horizontal direction which-
starts fromthe origin "0": [err] designates an elevation angle with
respect to the horizontal area containing the origin "0", thus, the

t hr ee- di nensi onal space can be defined;py-the polar coordinates in the
space. Wien locating the [istener or dummy head at the origin O its front
direction can be defined as [err]=0, whereas. its left-side direction is
def i nedgien [supplied zadtheslefyrandinleh rameakersi SPABY L n8B(RY. [BF9R <0. In

addi tion,; JendPR8Erdsp8RGLRE 18 ¢lAfiARY dBuddy Bre”@roduced. When
jistening to the sounds which are produced by means of the cross-
" calk canceler 2, the cross talk iIs canceled, resulting that the
clear sound separation between the left/right speakers is
achieved.

Next, the description will be given with respect to the
functions of the delay circuits DL10-DL13. In case of the delay
circult DL10, the signal outputted from the terminal TR1O is
gultiplied by the predetermined coefficient in the multiplier
KR10, and consequently, the multiplied signal will be converted
into the musical sound by the right speaker SP(R). On the other
nand. the signal outputted from the terminal TL10 1s multiplied
by the predetermined coefficient in the multiplier KL10, and
consequently, the multiplied signal will be converted into the
musical sound by the left speaker SP(L). In this case, the
sound-image position Ls determined by two factors, i.e., the
difference between the delay times of the sounds respectively
produced from the right and left speskers, and the ratio between
the tone volumes respectively applied to the left and right

'speakers. Since the present embodiment can set the above-

. mentioned delay-time difference in addition to the above-
mentioned tone-volume ratio, the sound-image position can be set
at certain position which is far from the speakers SP(L), SP(R)
and which departs from the line connecting these speakers. In
short, it 1s possible to set the sound-image position in the
arbitrary space which departs from the linear space connecting
the speakers. In other words, the virtual speakers which are not
actually existed are placed at the arbitrary spatial positions,
so that the person can listen to the sounds which are virtually
produced from those positions. In the present embodiment, the
delay circuit DL10 functions to set the virtual sound-producing
Position at VS10 (see Fig. l(B)). which is called as the wvirtual
Speaker.
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As a nmodel which controls and fixes the sound-imge position in the

t hree-di nensi onal space by use of the digital signal processing technique,
the dunmmy head is |located at the origin O and then the inpul se signal is

produced fromthe predeterm ned point A for exanple. Then, the responding

sounds corresponding to the inpul se sigpal are sensed by the m crophones
whi ch are respectively located within the ears of the dummy head. These
sensed sounds are converted into the digital signals which are recorded by

some recor digig ARl yN chlegendi 0ibphy Séof@lses DL11, DL12, DL13
respectively correspond to the virtual speakers vsSi1i, VsS12, VS13
as shown in Flg. 1(B). As shown in Fig. 1(B), these virtual
speakers VS10, VS1l, VS12, VS13 are respectively and roughly
arranged along with a circular line which can be drawn about the
pérformer. When drawing the center line between the performer
({.e., circle center) and respective one of the virtual speakers
vS10, VS11, VS12, VS13, there are formed four circular angles,
g0° . 24° , 24° , 60° as shown in Fig. 1(B).

Next, the description will be given with respect To the
functions of the matrix controller MIR1. As described before,
this metrix controller MIRL is designed to control the connection
relationship and arrangement relationship among the multipliers
Mi-ML12, adders IN10-IN13 and channels Ch10-ChlT. Such control
indicates how to assign the signals of the channels Ch10-Chl7 to
che virtual speakers VS10-VS13. Thus, the sound-image positiog
of each channel Ch can be determined by the ratio of each
channsl-output signal applied to each virtual speaker. In other
words, the panning control is carried out on the virtual speakers
VS10-VS13 respectively. thus controlling the sound-image position
with respect to each channel.

In the present embodiment as shown in Fig. 1(A). the
allocation ratio of the each channel-output signal applied to
each virtual speaker is controlled by setting the coefficients of -
the multipliers M1-M12 as follows: CM1=0.75 (by being multiplied
by this coefficient, the tone volume of the musical tone waveform

. signal is reduced by 2.5dB), CM2=0.7S, CM3=0.25 (by being '
multiplied by this coefficient, the tone volume of the musical
tone waveform signal is reduced by 12dB), CM4=0. T3, CM5=0.625 (by
being multiplied by this coefficient, the tone volume of the
musical tone waveform signal is reduced by 4.08dB)., CM6=0. 313
(which is equivalent to the reduction of 10.08dB in the tone
volume of the musical tone waveform signal), CM7=0.313,
CM820.625, CMS=0.75, CM10=0.25, CM11=0.75, CM12=0.7S.
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represent .two inpul se-response data respectively corresponding to the
sounds picked up by the left-side and right-side ears of the dummy head.
These two inpul se-response data are converted into the coefficients, by

which two finite-inmpul se response digital filters (hereinafter, sinply
referred to as FIRfilters) are - 13 - '

Fig. 2(A) shows another example of the arrangement and
connection among the multipliers and adders under control of the
pmatrix controller MTRL. In this-example, only two delay circuits
DL10, DL13 are used for the virtual speakers. In short, as shown
in Fig. 2(B), two virtual speakers VS10, VS13 are used for the
production of the musical sounds. Hereln, under control of the
patrix controller MTR1, some of the signals of the channels Chlo-
Chl7 are adequately allocated to each of the adders IN10, IN13 so
as to control the sound-image positions. In this example, the
coefficients of the multipliers M1-Ml14 are respectively set as
follows: CM1=0.73, CM2=0.75, CM3=0.313, CM4=0.625, CM3=0.375 (by
peing multiplied by this coefficient, the tone volume of the
musical tone waveform signal is reduced by 8.5dB), CM6=0.5 (which
is equivalent to the reduction of 6dB in the tone volume of the
musical tone waveform signal), CMT=0.439 (which is equivalent to
the reduction of T7.18dB in the tone volume of the musical tone
waveform signal), CM8=0.438, CM9=0.5, CM10=0.375, CM11=0.625,
CM12=0.313, CM13=0.75, CM14=0.73.

(2) Operation
Next, the description will be given with respect to the

operation of the present embodiment.

 When the performer P plays the keyboard to perform the
music, the musical tone waveform signal is produced in respounse
to each of the keys depressed by the performer. Then, the
musical tone waveform signals are respectively allocated to the
‘channels on the basis of the predetermined tone-area allocation
manner, so that these signals are eventually entered into the
matrix controller MTR1. Assuming that the circuit elements of
the matrix controller MTR1l are arranged and connected as shown in
Fig. 1(A), the musical tone waveform signals are produced as the
musical sounds from the virtual speakers VS10-VS13 in accordance
¥lth thelr tone areas.

[REPLACEMENT SHEEF| ———

This Sheet Has Been R

e L M I




-23-

respectively given. In this case, the audio signal of which

- 14 -

The detalled explanation can be described as follows. First
of all, the musical tone waveform signals corresponding to the
rone area between the lowest-pltch note and Cl1 note (see Chl0)
are produced as the musical sounds from the wvirtyal speaker VS10.
1o addition., the musical tone waveform signals corresponding to
che tone area between the C#1 note and C2 note (see Chll) are
produced as the musical sounds from the virtual speakers VS12,
vS10. However, due to the coefficients of the multipliers M2,
M3, the sound-image positions coéresponding to those notes are
placed close to the virtual speaker VS10. More specifically,
these sound-image positions are arranged on the line connecting
the virtual speakers VS12, VS10, but they are also located close
to the virtual speaker ¥S10. Further, the musical tone waveform
signals corresponding to the tone area between the C#2 note to F2

- pote (see Chl2) are produced as the musical sounds from the

virtual speaker VS1l1. Similarly, the other musical tone waveform
signals corresponding to each the other tone areas (i.e., each of
the other channels) are eventually produced as the musical sounds
from the predetermined one or two virtual speakers at certain
sound-image positions. Thus, the sound-image positions
corresponding to the tone areas which are respectively arranged
from the lowest pitch to the highest pitch are sequentially
arranged from the 1éft—side position to the right-side position
along with a circular 1ine drawn about the performer P (see Fig.
1(B)). As a result, when the performer P sequentially depress
the keys from the lower pitch to the higher pitch, the sound-
image positions are sequentially moved from the left-side
position to the right-side position along with the above-
mentioned circular line. In short, it is possible to control the
left/right and front/back positionings of the sound images.

On the other hand, when the circuit elements of the matrix
controller MTRL are arranged and connected as shown in Fig. 2(A),
the musical tone waveform signals of each tone area are '
eventually produced as the musical sounds from one or both of the
virtual speakers VS10, VS13. Thus, the positioning control of
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sound-image position is not fixed is delivered to two FIRfilters, through
which two digital outputs are obtained as the left/right audio signals.
These left/right audio signals are applied to left/right inputs of the
headphone set, so that the |listener can hear the stereophonic sounds from
thi s headphone set as if those sounds pge_produced fromthe point A By
changing this point A and neasuring the inpulse response, it is possible to

It
Pocat ng EngoUal, AEELE 4L anfrodst s e T8, cpBnditlin BheSE oot ai n
t he coemif@négt speakerse FIR fhis ezase.bythehicontrol of the front/back-
side sound-broadened image is poor as compared to that of Fig.
1(A). However, as comparing to the. state where the musical
sounds are merely produced from the left/right sﬁéakers SB(L),
SP(R), this example can improve the control of the front/back-
side sound broadened image.

As described heretofore, the first embodiment is designed to
change the allocation manner of the musical tone waveform signals
by use of the matrix controller MIR1l, therefore, it is possible
to change over the control manner of the sound images with ease.

(3) Modified Example

Filg. S is a block diagram showing a modified example of the
foregoing first embodiment, in which there are provided eight
delay circuits DL50-DL37 used for émerging the virtual speakers.
In Fig. 5, the illustration is partially omitted, so that there
are also provided eight adders, in the matrix controller MIRL,
respectivaly corresponding to the above-mentioned eight delay
circuits DL50-DL57. According to the configuration of this
modified example, eight virtual speakers are emerged, so that the
musical tone waveform signals can be adequately allocated to
these virtual speakers. Due to the provision of eight virtual

speakers, it is possible to perform the more precisely control on
the sound-image positions.

(B] Second Embodiment _

Next, description will be given with respect to the second
embodipent of the present invention by referring to Fig. 6,
vherein some parts corresponding to those of the foregoing first
embodiment are omitted. '

In Filg. 6, numerals STR60-STR65 designate respective tone
Eenerators which are controlled by the MIDI signal (i.e., digital
Signal of which format is based on the standard for Musical

-
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t he sound-i nmage position can be fixed at the desirable position. The
above-nentioned techni que offers an effect by which the three-di nensional
sound-inmage position is determ ned by use of the sound-reproduction system
of the headphone set. The same effect can be enbodi ed by use of the

so-cal l ed two-speaker sound- reproductign_systemin which two speakers are
located at the predeterm ned front positions of the listener, which is

gglnlcgfjl ﬁ@g{:g‘gﬁ?ﬁ%@lq ceI | Sﬁ te akg:nl)quel.n shortAcgggdbggtﬁg ‘t:&?e_cross-ta-l K
generators STREO-~ STRSa designated by the MIDI signal is activated-
to produce the musical tone waveform signal. The outputs of
these tone generators STR60-STR6S are respectively supplied to
the delay circuits DL60-DL65 which are used for forming the
virtual speakers respectively. Then, the outputs of the delay
circuits DLS0-DL6ES are multiplied by the predetermined
coefficients respectively, so that some of the multiplied outputs
are added together in adders VSR1-VSR4, VSL1-VSL4, of which.
addition results are supplied to the cross-talk canceler 2.

According to the configuration of the above-mentioned second
embodiment, the output of each tone generator is produced as the
musical sound from certain virtual speaker. Thus. when
respectively connecting six strings of the guitar with six tone
generators STR60-STR63, it is possible to well simulate the
sound-producing manner of the gulitar with respect to each string.
The reason why such well simulation can be performed by the

- second embodiment is as follows:.

When the guitar is located close to the lféféﬁér so that the
strings are also located close to the ears of the listener, the
listener can clearly discriminate the separate sound produced
from each string of the guitar. However, as the distance between
the listener and guitar becomes larger, the sound-separation
image of each string of the guitar becomes weaker. Therefore, in
the end, the sounds produced from all strings of the guitar will
be heard as one overall sounds which are produced from one sound-
production point. Thus, by adequately setting the delay times of
the delay circuits DLS0-DL6S and the coefficients which are
multiplied with the outputs of the delay circuits DL60-DLE5, it
{s possible to offer the image of the distance by which_the
instrument is departed from the listener.

In the meantime, it is possible to compute the distance
between the person and the virtual sound source which is embodied
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are reproduced as if they are produced fromcertain position (i.e.,
position of the foregoing virtual speaker) at which the actual speaker is
not |ocated. Herein, two FIRfilters are required when | ocating one virtual
speaker, hereinafter, a set of two FIRfilters will be called as a

sound-di rectional device. Fig. _197is a bl ock diagram show ng an

exanpl e of the virtual - speaker C|rCU|try whi ch enpl oys the above-nenti oned
sound-directional device. In Fi

devi cesby e AL ath ST Uty &isn$ 5@%9%;%?@ g?ﬁengé‘f‘& € §ounds 1dnhaeel! Oﬁal

a radius of the head of the person M: "d" designates a distance
petween the sound source and the center of head; and "8 "
designates an angle which is formed between the gound source and
che front-direction line of the head. In this case, it is
possible to compute distances "dr” and "dl"” by the following
equations. wherein »dr” designates a distance between the sound
source and the right ear of the person, while "dl” designates a
distance between the sound source and the left ear of the person.

dr2 = r2 « d2 - 2rd- siné ..o (D)

d12 = r2 - a2 + 2rd- stnd ... (2)
Thus, by computing these distances dr, dl with respect to each of
the scrings, it is possible to determine the factors for
designing the delay circuits DL80-DL6S respectively.

Incidentally, in the aforementioned embodiments, it is
possible for the user To arbitrarily set the connection pattern
of ‘the matrix controller MIRL and the coefficient applied to each
of the multipliers. Or, it is possible to store plural
connection patterns and plural values for each coefficient in
advance, so that the user can arbitfarily select one of them.

(C] Third Embodiment

Next. description will be given with respect to the third
embodiment of the present invention, in which the sound-image
position control apparatus 1 is applied to a game device 9, by
referring to Figs. 8 to 10.

Fig. 8 1s a block diagram showing an electronic
configuration of a game device S. Herein, 10 designates a
controller which controls the joy-stick unit, tracking-ball unit
and several kinds of push-button switches (not shown) so that the
operating states of them are sent to 2 control portion 11. The
control portion 11 contains a central processing unit (i.e., CPU)
and several kinds of interface circuits. whereas it is designed
to execute the predetermined game programs stored in a program
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Thi's drawing only illustrates three sound-directional devices 102-104,
however, there are actually provided several hundreds of the
sound-directional devices. Thus, it is possible to | ocate hundreds of
virtual speakers in a close-tight manner with respect to all of the
directions of the polar-coordinate sysjgm These
memory 12. Thus, the game is in progress, while the overall
control of the game device is performed by the control portion
11. In the progress of the game, a working memory 13 1s
collecting and storing several kinds of data whiche are obtained
through the execution of the'game programs. In response to the
game program to be executed, a visual Ilmage information memory 14
stores visual image data to be displayed, representing the
information of the visual images corresponding to character
images Cl, C2, C3 (given with the general numeral "C") and
background images BGl, BG2, BG3 (given with the general numeral
*8G"). These character images may correspond to the visual
images of person, automobile, air plane, animal, or other kinds
of objects. The above-mentioned visual image data are read out
in the progress of the game, so that the corresponding visual
image is displayed at the predetermined position of a display
screen of a display unit 15 by the predetermined display size in
response to the progress of the game.

Next, a éoordinate/sound—image-position coefficient
conversion memory 16 stores parameters by which the display
position of the character C in the display unit 15 is located at
the proper position corresponding to the sound-image position in
the two-dimensional area. Fig. 9 shows a memory configuration of
the above-mentioned coordinate/sound-image-position coefficient
conversion memory 168. Fig. 10 shows a position relatioaship
between a player P of the game and the game device ¢ in the two-
dimensional area. The X-Y coordinates of the coordinate/sound-

- image-position coefficient conversion memory 16 as shown in Fig.
9.may correspond to the X-Y coordinates of the display screen of
the display unit 1S. In Fig. 9. the output channel number CH of
2 sound source 17 and some of the coefficients CML-CM12 which are
used by the multipliers M1-M12 in the sound-image position
control apparatus 1 are stored at the memory area designated by :
the X-, Y-coordinate values which indicates the display position
of the character C in the display unit 15. For example, at an
qrea designated by "AR", a value "13" is stored as the output
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- 24- virtual speakers are not nerel i i
_ _ y arranged along with a spheri cal
surface with respect to the sane distance r. but they are alsop

- 19 -

channel number, while the other values "0.6" and "0.8" are also

stored as the coefficients CMS. CM8 used for the multipliers MS,
M6 respectively. '

The X/Y coordinates of the coocrdinate/sound-image-position
coefficient conversion memory 16 are set corresponding to those
of the actual two-dimensional area shown in Fig. 10. In other
words. the display position of the character C in the display
unit 15 corresponds to the actual two-dimensional position of the
player as shown in Fig. 10. Thus, by adequately setting the
parameters, the sounds will be produced from the actual position
corresponding to the display position of the character C.
Incidentally, the memory area of the coordinate/sound-image-
position coefficient conversion memory 18 is set larger than the
display area of the display unit 15. In this case, the proper
channel number CH and some of the coefficients CM1-CM12 are
memorized such that even 1f the character C 1s located at the
coordinates of which position cannot be displayed by the display
unit 15, the sounds are produced from the actual position
corresponding to the coordinates of the character C. Moreover,
the display position of the character C is controlled to be
automatically changed in response to the progress of the game on
the basis of the game programs stored in the program memory 12,
or it 1s controlled to be changed in response to the manual
operation applied to the controller 10.

Next, the sound source™l7 has plural channels, used for the
generation of the sounds, which are respectively operated in a
time-division manner. Thus, in response to the instruction given
from the control portion 11. each channel produces a musical tone
waveform signal. Such musical tone waveform signal is delivered
to the predetermined one or some of eight channels Ch10-Chl7 of
the sound-image position control apparatus l.- Particularly, the
musical tone waveform signal regarding to the character C is
delivered to certain chennel Ch which is designated by the
foregoing output channel number CH. As described before, this
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arranged in a perspective manner with respect to different distances r. A
selector 101 selectively delivers the input signal to one of the

sound-di rectional devices such that the sounds will be produced fromthe
predet erm ned one of the virtual speakers, thus controlling and fixing the

sound-image position in the three-di gepgi ganal space. Incidentally, adders
105, 106 output their addition results as the left/right audi o outputs

respectively. The above-nenti oned exanpl e can be nodified such that
one sound-image position control apparatus 1 has the electronic

configuration as shown in Flg. 1(A), wherein the predetermined
coefflcients CM1-CM12 are respectively applied to the multipliers
ML-M12 so as to control the sound-image positione of each channel
ch when producing the sounds from the speakers SP(L), SP(R).

According to the electronic configurations as described
heretofore, when the power is applied to the game device 9, the
control portion 11 is activated to execute the programs stored in
the program memory 12 so as to progress the game. In response to
the progress of the game, one of the background images BGL, BG2,
BGé is selectively read from the visual image information memory
14 so that the selected background image is displayed on the
display screen of the display unit 15. Similarly, one of the
character images Cl, C2, C3 is selectively read out so that the
selected character image is displayed in the display unit 15.
Meanwhile, the control portion 11 gives an instruction to the
sound source 17 so as to produce the musical tone waveform
signals corresponding to the background music in response to the
progress of the game. In addition., the control portion 1l also
instructs the sound source 17 to produce the other musical tone
waveform signals having the musical tone characteristics (such as
the toné color, tone pitch, sound effects, etc.) correspondipg to
the character C. Moreover.'the control portion 11 reads out the
output channel number CH and coefficient CM (i.e., one or some of
CM1-CM12) from the memory area of the coordinate/sound-image-
position coefficient conversion memory 16 corresponding to the
display position of the character C in the display unit 15, and
then the read data are supplied to the sound source 17 and sound-
image position control apparatus 1 respectively. In this case,
the sound source 17 produces the musical tone waveform signal
corresponding to the character C, and this musical tone waveform
signal is outputted to the sound-image position control apparatus
Ll from the channel Ch which is designated by the output channel
lumber CH. The other musical tone waveform signals are also
Sutputted to the sound-image position control apparatus 1 from
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sound-di rectional device is not fixed corresponding to one direction of
producing the sound. 1In other words, by changing the coefficients of the
FIR filters contained in one sound- directional device, it is possible to
nove the sound-imge position by use of only one sound-directional device.
In the neantinme, some novie theater enpjoys so-called surround acoustic

techni que which uses four or nore sﬁéa ers. Therefore. the sounds are
roduced from one or, some speakers in r se ' i :
P ¢he corresponding chaéﬁels resDeCt?%gQg- IR the e inmge

position control apparatus 1, each of the coefficlents CM read
from the coordinate/sound-image-position coefficient conversion
gemory 16 1is supplied to each of the multipliers M1-M12. Thus,
the sound-image position of each channel is controlled to be
gixed responsive to the coefficlent CM, and consequently, the
gusical sounds are produced from the speakers SP(L), SP(R) at the
zixed sound-image positions. '

When the player P intentionally operates the controller 10
to move the character C, the ¢ontrol portion 11 1is operated so
that the display position of the character C displayed in the
display ﬁnit 15 is moved by the distance corresponding to the
manual operation applied to the controller 10. In this case, new
oﬁtput channel number CH and coefficient CM are re;d from the
pemory area of the coordinate/sound-image-position coefficient
conversion memory 16 corresponding to the new display position of
the character C, and consequéncly. these data are supplied to the
sound source 17 and sound-image position control apparatus 1
respectively. Thus, the actual sound-image position is glso
noved responsive to the movement of the character C.

According to the present embodiment, when the character C

' representing the visual image of the air plane is located outside
of the display area of the display unit 15 and such character C
is moved closer to the player P from his back, the character C is
not actually displayed on the display screen of the display unit
15. However, since the foregoing coordinate/sound-image-position
coefficient conversion memory 16 has the memory area which i;
larger than the display area of the display unit 15, Fhe sounds
corresponding to the character C are actually produced such that
the sounds are coming closer to the player P from his back. As 2
result, the player P can recognize the existence and movement of
the air plane of which visual {mage 1s not actually displayed.
This can offer a brand-new live-audlo effect which cannot be
obtained from the conventional game device system.

T
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Wien enbodyi ng such surround acoustic technique by use of the fornmner

virtual - speaker system providing hundreds of sound- directional
i s necessary to provide hundreds of FIR filters,

of the systemso that the cost of the systemwl|
Even in the case of the latter systemyshich provides only one

sound-directional device. it is necessary to provide hundreds of
coefficients used for the FIRfilter,

is very difficult to control 12
Incidentally, the present embodiment 1is desligne

the movement of the character C in the two-dimensional coordinate

system. Of course, the present invention is no§ limited to

devi ces,

which is not realistic. Because,
or change so many numnber ,of 80€£f$£ﬂ£E53 in

ic,

so that the present embodiment can be modified to manage the

movement of the character C in the three-dimensional coordinate
system. ILn such modification. number of the actual speakers are
‘increased, and they are arranged in the three~-dimensional space.

In the present embodiment, the X/Y coordinates of the

display unit 15 are set corresponding to those of the actual two-

dimensional area. However, this embodiment can also modified to

simulate the game of the automoblile race. In this case, only the

character C which is displayed in front of the player P 1is

displayed in the display unit 15 by matching the visual range of

the player P with the display area of the display unit 1S.

(D] Fourth Embodiment

Next, the description will be given with respect to the
fourth embodiment of the present i{nvention, wherein the sound-

image position control apparatus is modified to be applied to the

movie system, video game device (or television game device)
so-called CD-I system in which the sound-image position 1is
controlled responsive to the video image.

Before describing the fourth embodiment in detail in

or

conjunction with Figs. 11 to 13, the description will be glven

with respect to the background of the fourth embodiment by
referring to Figs. 14 and 1s.

First of all, the so-called binaural technique is known as
the technique which controls and fixes the sound-image position

in the three-dimensional space. According to the known

technique, the sounds are recorded by use of the microphones

" ‘which are located within the ears of the foregoing dummy head, so

that the recorded sounds are reproduced by use of the headphone
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a Kea!-tinp manner. Further, when embodying the foregoing surround acoustic
technique in the novie theater, it is necessary to provide a plenty of

anplifiers and speakers, which eventually raises the cost of the
facilities.

- 23 =

seT SO as to recognize the sound-image position which 1is fixed at
che predetermined position in the three-dimensional space.
Recently, some attempts are made to simulate the tone area which
is formed in accordance with the shape of the dummy head. In
octher words, by simulating the transfer function of the sounds
which are transmitted in the three-dimensional space by use of
che digital signal processing technique. the sound-image position
is controlled to be fixed in the three-dimensional space.

The coordinate system of the above—meﬁtioned three
imensional space can be defined by use of the illustration of
Fig. l4.- In Fig. 14, "r" designates a distance from the origin
"0": ¢ designates an azimuth angle with respect to the
horizontal direction which starts from the origin "0"; &

- designates an elevation angle with respect to the horizontal area
containing the origin "0, thus. the three-dimensional space can
be defined by the polar coordinates in the space. When locating
the listener or dummy head at the origin O, its front direction
can be defined as ¢ =0, whereas its left-side direction 1is
defined by ¢ >0 and its right-side direction is defined by ¢ <0.
In addicion, the upper direction is defined by & >0.

As a model which controls and fixes the sound-image position
in the three-dimensional space by use of the digital signal
processing technique, the dummy head is located at the origin O

" and then the impulse signal is produced from the predetermined
point A, for example. Then, the responding sounds corresponding
to the impulse signal are sensed by the microphones which are
respectively located within the ears of the dummy head. These
sensed sounds are converted into the digital signals which are

recorded by some recording medium: These digital signals

represent two impulse-response data respectively corresponding to |
the sounds picked up by the left-side and right-side ears of the
dummy head. These two impulse-response data are converted into
the coefflicients. by which two finite-impulse response digitél
filcers (hereinafcer. simply referred to as FIR filters) are
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respectively given. 1In this case, the audio signal of which

sound-image position is not fixed 1s delivered to two FIR

filters, through which two digital outputs are obtained as the
left/right audio signals. These left/right audlor signals are
applied to left/right inputs of the headphone set, so that the
listener can hear the stereophonic sounds from this headphone set
as if chose sounds are produced from the point A. By changing
this point A and measuring the impulse respoanse, It is possible
to obtain the other coefficients.for the FIR filters. 1In other
words, by locating the point A at the desirable position, it is

possible to obtain the coefficients for the FIR filters, by which

the sound-image position can be fixed at the desirable position.
The above-mentioned technique offers an effect by which the
three-dimensional sound-image position is determined by use of
the sound-reproduction system of the headphone set. The same
effect can be embodied by use of the so-called two-speaker sound-
reproduction system in which two speakers are located at the
predetermined front positions of the listener, which is called a
cross-talk canceling technique.

According to the cross-talk canceling technique, the sounds
are reproduced as if they are produced from certain position
({.e., position of the foregoing virtual speaker) at which the
actual speaker is not located. Herein, two FIR filters are
required when locating one virtual speaker, hereinafter, a set of
two FIR filters will be called as a sound-directional device.

Fig. 15 is a block diagram showing an example of the
virtual-speaker circuitry which employs the above-mentioned
sound-directional device. In Fig. 15, 102-104 designate sound-
directional devices, each of which contains two FIR filters.
This drawing only {llustrates three sound-directional devices

- 102-104, however, there are actually provided several hundreds of

the sound-direétional devices.  Thus, it is possible to locate
hundreds of virtual speakers in a close-tight manner with respect

to all of the directions of the polar-coordinate system. These
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(a) Configuration of Fourth Enbodi ment Next, the detailed description
wll be given with respect to the fourth enbodi nrent of the present
invention. Fig. 11 is a block diagram show ng the whol e configuration of
the video gane system Herein, a ganme device 21 is designed to produce a

video signal VS, a left-side nusical_}gg§_§ignal M., a right-side nusical
tone signal MR, a sound effect signal a panning signal PS and a

2, pantingiaf fded 410 e Hok netalyl RFretrrd ALPeR NG 'FHe Y e
posi ti onsebhz¢e|with respect to the same distance r, but they are also
arranged in a perspective manner with respect to different
distances r. A selector 101 selectively delivegns the input
signal to one of the sound-directional devices such that the
sounds will be produced from the predetermined one of the virtual
speakers, thus Controlling'and fixing the sound-image position in
the three-dimensional space. Incidentally. adders 105, 108

output their addition results as the left/right audio outputs
respectively.

The above-mentioned example can be modified such that one
sound-directional device is not fixed corresponding to one
direction of producing the sound. In other words, by changing
the coefficients of the FIR filters contalned in one sound-
directional device, it is possible to move the sound-image
position by use of only one sound-directional device.

In the meantime, some movie theater employs so-called
surround acoustic technigque which uses four or more speakers.

Therefore, the sounds are produced from one or some speakers in
response to the video image.

When embodying such surround acoustic technique by use of
the former virtual-speaker system providing hundreds of sound-
directional devices, it is necessary to provide hundreds of FIR
filters, which enlarges the scale of the system so that the cost
of the system will be eventually raised up. Even in the case of
the lactter system which provides only one sound-directional
device, it is necessary to provide hundreds of coefficients used
for the FIR filter, which is not realistic. Because, 1t is very
difficult to control or change so many number of coefficlents in
2 real-time manner. Further, when embodying the foregoing
Surround acoustic technique in the movie theater, it is necessary
% provide a plenty of amplifiers and speakers, which eventually
Taises the cost of the facilitles.
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apparatus 22 inparts the fixed sound i mage to the psetnd
thus producing two signals EFSL, EFSR Then, an a

Steopl EFS,
EFSR and MR together, while an adder 26 adds t he

1.2 SaLARS Ev# gna| S
nal s EFSL and M
h

together. The results of the additions respectlver,pegZp 2 adder s
25, 26 are supplied to an anplifier 24, _The anpli fi anpllflef these
signals so as to respectively output t%@ amplified - U/ {i ght

| oud- speakers (represented by 43; 44 in Fig. 13).

In the nmeantine, tihe
?/!sdgios;: gg)ech:’&rllqsﬁ’i%u 8% E-'gu%t\t/x gggogf&/érgg 23, 50 That the video i nmage
' Next. the detailed description will be given with respect to

che fourth embodiment of the present invention. F4g. 11 is a
plock diagram showing the whole configuration of the video game
system. Herein, a game device 21 is designed to produce a video
signal VS, a left-side musical tone signal ML, a right-side
gusical tone signal MR, a sound effect signal EFS, a panning |
signal PS and a scene-identification signal SCS. When receiving
the sound effect signal EFS, panning signal PS and scene-
identification signal SCS, a sound-image position control
apparatus 22 imparts the fixed sound image to the sound effect
signal EFS, thus producing two signals EFSL, EFSR. Then, an
adder 25 adds the signals EFSR and MR together, while an adder 28
adds the signals EFSL and ML together. The results of the
additions respectively performed by the adders 25, 26 are
supplied to an amplifier 24. The amplifier 24 amplifies these

-sisnals so as To respectively output the amplified signals to
efc/right loud-speakers (represented by 43, 44 in Fig. 13). In
ths meantime, the video sigmal VS is supplied to 2 video device
73, so that the video image is displayed for the person.

The game device 21 is confizured as the known video game
device which is designed such that responsive To the manipulation
of the player of the game, the scene displayed responsive to the
video signal VS is changed or the position of the character image
!s moved. During the game, the musical tone signals ML, MR are
outputted so as to playback the background music. In additiom,

% this background music, the other sounds are also produced.
For example, the sounds corresponding to the character image
“iich {s moved responsive to the manipulation of the player, or
the other sounds corresponding to the other character images
"ich are automatically moved under control of the control unit
%Wilt in the game device 21 are produced by the sound effect
flgnal EFS. In case of the game of the automcbile race, the
*¢ine sounds of the automobiles are automatically produced.

This Sheet Has Been Reﬁaced .

i




The gane device 21 is configured as the known video gane deV|cehmh|ch S

desi gned such that responsive to the nmanipul ati g i the
ganme, the scene displayed responsive to the vided\Vgis af o nged or
the position of the character inmage is noved. Duyipg the gane nusi cal
tone signals M., MR are outputted so aitto pl aybhck nﬁﬁjm&cﬁQ? I musi c.
In addition, to this background nusi € he otherls r oduced.
For exanple, the sounds corresponding to the ch I mage ‘is noved

responsive to the mani pul ation of the player. or

The scene-identification signal SCS is used for determining
che position of the virtual speaker in accordance with the scene.
gvery time the scene is changed, this scene-identification signal
sCS is produced as the information representing the changed
scene. Such scene-identification signal SCS 1s stored in advance

"within a memory unit (not shown) which is built in the game

device 21. More specifically. this signal is stored at the
predetermined area adjacent to the area storing the data
representing the background image with respect to each scene of
che game. Thus, when the scene is changed, this sigmal is
simul taneously read out.

Oon the other hand, the panning signal PS represents certain
position which is located between two virtual speakers. By .
varying the value of this panning signal PS between "Q0” and "1",
it 1s possible to freely change the sound-image position
corresponding to the sound produced responsive to the sound
effect signal EFS between two virtual speakers. In the present

- embodiment, the programs of the game contain the operation

routine for the panning signal PS, by which the panning signal PS
{s computed on the basis of the scene-identification signal SCS
and the displayed position of the character image corresponding
to the sound effect signal EFS. Of course, such computation of
the panning signal PS can be omitted, so that in response to the
position of the character, the game device 21 automatically reads
out the panning signal PS which is stored in advance in the
Gemory unit. Incidentally, the present embodiment is designed
such that two virtual speakers are emerged, which will be
described later in detail.

Fig. 12 1s a block diagram showing an internal configuration
of the sound-image position control apparatus 22. Herein, a
control portion 31 is configured as the central processing unit
(L.e., CPU), which performs the overall control on this apparatus
22. This control portion 31 recelves the foregoing scene-
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t he other sounds corresponding to the other character images which are
automatically moved under control of the control unit built in the gane

device 21 are produced by the sound effect signal EFS. In case of the gane

of the autonobile race, the engine sounds of the autonobiles are
automati cal |y produced. - 28 -

ident{ficatlion signal SCS and panning signal PS. A coefficlent
memory 32 stores the coefficients of the FIR filters. As
described before. the impulse response is measured with respect
to the virtual speaker which is located at the deglirable
position, so that the above-mentioned coefficients are determined
dn the basis of the result of the measurement. In order to
locate the virtual speaker at the optimum position corresponding
to the scene of the game, the coefficlents for the FIR filters
are computed in advance with respect to several positions of the
virtual speaker, and consequently, these coefficlents are stored
at the addresses of the memory unit corresponding to the scene-
identification signal SCS. As described before, each of sound-
directional devices 33, 34 is configured by two FIR filters. The
coefficient applied to the FIR filter can be changed by the
coefficient data given from the control portion 31.

In response to the scene-identification signal SCS. the
control portidn 11 reads out the coefficient data, respectively
corresponding to the virtual speakers L, R, from the coefficient
gemcry 32, and consequently, the read coefficient data are
respectively supplied to the sound-directional devices 33, 34.
¥hen receiving the coefficients, each of the sound-directional
devices 33, 34 performs the predetermined signal processing on
the input signal of the FIR filters, thus locating the virtual

speaker at the optimum position corresponding to the scene-
ldencification signal SCS.

The sound effect signal EFS is allocated to the sound-
directional devices 33, 34 via multipliers 35, 36 respectively.
‘hese multipliers 35, 36 also receive the multiplication
®efficients respectively corresponding to the values "PS", "1-
PS" from the control portion. Herein, the value "PS" represents

- We vajye of the panﬁing signal PS, while the value "1-PS"
*fresents the one's complement of the panning signal PS. The
Ny of first FIR filters in the sound-directional devices 33,

dre added together by an adder 37, while the other outputs of
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second FIR filters in the sound-directional devices 33, 34 are
added together by another adder 38. Therefore, these adders 37,
38 output their addition results as signals for the speakers 43,

44 respectively. These signals are supplied to a gross-talk
canceler 39.

The cross-talk canceler 39 is provided to cancel the cross-
talk component included in the sounds. For example, the cross-
talk phenomenon must be occurred when producing the sounds from
the speakers 43, 44 in Fig. 13. Due to this cross-talk
phenomenon, the sound component produced from the left-side
speaker affects the sound which-is produced from the right-side
speaker for the right ear of the listener, while the sound
component produced from the right-side speaker affects the sound
which is produced from the left-side speaker for the left ear of
the listener. Thus, in crder to cancel the above-mentioned
cross-talk components, the cross-talk canceler 39 performs the
convolution process by use of the phase-inverted signal having
the phase which is inverse to that of the cross-talk component.
Under operation of this cross-talk canceler 39, the outputs of
the sound-directional device 33 are converted into the sounds
which are roughly heard by the left ear only from the left-side
speaker, while the outputs of the sound-directional device 34 are
converted into the sounds which are roughly heard by the right
ear only from the right-side speaker. Such sound allocation can
roughly embody the situation in which the listenmer hears the
sounds by use of the headphone set.

Meanwhile, the cross-talk canceler 39 receives a cross-talk
bypass signal BP from the control portion 31. This cross-talk
bypass signal BP is automatically produced by the control portion
3l when inserting the headphone plug into the headphone jack (mot
shown). When the headphone plug is not inserted, the cross-talk
%pass signal BP is turned off, so that the sounds are reproduced
from two speakers while canceling the cross-talk components as
described before. On the other hand, when the headphone plug 1is
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The scene-identification signal SCS is used for determining the position of
the virtual speaker in accordance with the scene. Every tine the scene is
changed, this scene-identification signal SCS is produced as the
information representing the changed scene. Such scene-identification
signal SCS is stored in advance withing ? menory unit (not shown) which is
built in the game device 21. Mre specifically, this signal is stored at
the inserted, the cross-talk canceling operation is omitted, so that

the signals are supplied to the headphone set from which the
sounds are reproduced.

Next, the description will be given with respect to the
pethod how to control and fix the sound-image position by the
panning signal PS. When the value of the panning signal PS is
equal to zero, the foregoing sound effect signal EFS is supplied
co the sound-directional device 34 only. Thus, the sound-image
position is fixed at the position of the virtual speaker (i.e.,
position of the speaker 45 in Fig. 13) which is located by the
soﬁnd-directional device 34. On the other hand. when the value
of the panning signal PS is at "1", the sound effect signal EFS
is supplied to the sound-directional device 33 only. and
consequently, the sound-image position 1s fixed at the position
of the virtual speaker (i.e., position of a speaker 4§) which is
jocated by the sound-directional device 33. When the value of
the panning signal PS is set at a polant between "0" and 1", the
sound-image position is fixed at an interior-division point
corresponding to the paanning signal PS between the virtual
speakers 45, 46.

{b) Operation of Fourth Embodiment
Next, description will be given with respect to the
operation of the fourth embodiment by referring to Fig. 13. In
Flg. 13. 2 player 41 is positioned at the center, whereas the
left-side speaker 43 is located at the left/front-side position
from the player 41 which 1s defined by ¢ =45° , ¢ =0° , r=1.5m,
while the right-side speaker 44 is located at the right/front-
side position from the player 41 which is defined by ¢ =-45° ,
8 20° , r=1.5m. In front of the player 41, there is located a
display screen 42 of the video device 23. In the present
ambodiment, this display screen 42 has a flat-plate-like shape,
however, it Ls possible to form this screen by the curved surface
"iich surrounds the player 41.
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predeterm ned area adjacent to the area storing the data representing the
background i mage with respect to each scene of the gane. Thus, when the
scene is changed, this signal is simultaneously read out. On the

ot her hand, the panning signal PS represents.certain position which is

| ocat ed between two virtual speakers., $y varying the value of this panning
signal PS between "0" and "1", it is possible to freely change the

sounc.- 1 mgeg BOSLELGS §0TEESPRISI L0 4P 1SS W gAL80HA0CEESOGET scerde the
of the Western 1s displayed. In this case, the game device 21
outputs the scene-identification signal SCS to the control
portion 31 in the sound-lmage position control apparatus 22
gherein this scene-identification signal SCS has the
predetermined scene~-identifying value, e.g.., four-bit data
*QL1L" Then, the control portion 31 reads out coefficient data
cL, corresponding to the scene-identification signal SCS, from
the coefficient memory 32, wherein this coefficient data CL
represents the coefficient for the FIR filter which corresponds
to the position of the left-side virtual speaker 45 (defined by
¢ =85° , 8 =0° , r=3.5m). This coefficient data CL is supplied
to the sound-directional device 33. In addition, the control
portion 31 also read out another coefficient data CR representing
che coefficient for the FIR filter which corresponds to the
position of the right/upper-side virtual speaker 46 (defined by
é =-40° , @ =63° , r=15.0m). This coefficient data CR is
supplied to the sound-directional device 34. Thus, the virtual
speakers 43, 46 are located at their respective positions as

~shown in Fig. 13.

The game device 21 produces the musical tone signals ML, MR
‘which are sent to the speakers 43. 44 via the adders 25, 26 and
amplifier 24, whereas the music which is suitable for the duel
scene 1s reproduced, while the other background sounds such as

the wind sounds are also reproduced, regardless of the sound-
image position control. In response to & shot action of a
gunfighter which is the displayed image and plays an enemy role
for the player 41 in the gunfight game, the sound effect signal
EFS representing a gunshot sound is supplied to the sound-image
position control apparatus 22. In this case. i{f the value of the
panning signal PS is equal to zero, the -gunshot is merely sounded
from the position of the virtual speaker R46. Such sound effect
corresponds to the scene in which the gunfighter shoots a gun by
aiming at the player 41 from the second floor of the saloon. On
the other hand, if the value of the panning signal PS is equal to
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ef fect signal EFS between two virtual speakers. In the present enbodi nent.
the prograns of the gane contain the operation routine for the panning
signal PS. by which the panning signal PS is conputed on the basis of the
scene-identification signal SCS and the displayed position of the character
I mage corresponding to the sound effecgasignal EFS. .O course, such

conput ati on of the panning signal PS c be onmtted, so that in response to
the positjon of the charact

t he gane device 21 autongtic reads out
Lhe banth 'y ity SHRSRS SRRk, BPs sUBREA Th THe A eRe iR MELSBART un 0
| nci denpalfighdelre isr pdankdeabodheebef tssiidsi pmeiition very close to the

plaver 41 and then the gunfighter shoots a gun at the player 41.
If the value of the panning signal PS is set at certain value
petween "0" and "1", the gunfighter is placed at certain
jnterior-division point on the line connected between the virtual
speakers 45, 46, and then the gunshot is sounded.

The game device 21 is designed such that even in the same
duel scene of the Western, every time the position of the enemy
is changed, new scene-identification signal SCS (having a new
binary value such as "1010") is produced and ocutputted to the
sound-image position control apparatus 22. In other words, the
change of the position of the enemy is dealt as the change of the
scene. Thus, the virtual speakers will be located again in
response to the new scene.

Other than the above-mentioned Western géme..the game device
21 can also play the automobile race game. Herein, the game
device 21 outputs a new scene-identification signal SCS (having a
binary value such as "0010"), by which the control portion 31
reads out two coefficlent data respectively corresponding to the
right/front-side virtual speaker and right/back-side virtual
speaker. These coefficient data are respectively supplied to the
sound-directional devices 33, 34. In this case, the foregoing
signals ML, MR represent the background music and the engine
sounds of the automobile to be driven by the player 41. Further,
the foregoing signal EFS represents the engine sounds of the
other automobiles which will be running in the race field as the
displayed images. On the basis of the foregoing operation
routine, the panning signal PS 1s computed and renewed in
response to the position relationship between the player’s
automobile and the other automobiles. If another automobile is
tunning faster than the player's automobile so that another
automobile will get ahead of the player's automobile, the value
of the panning signal PS is controlled to be gradually increased
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such that two virtual speakers are energed, which will be described Ilater
in detail. Fig. 12 is a block diagram show ng an interna
configuration of the sound-imge position control apparatus 22. Herein. a
control portion 31 is configured as the central processing unit (i.e..

CPU). which perfornms the overall contrgh gn this apparatus 22. This control
portion 31 receives the foregoing scene-

from "0" to "1". Thu$; in response to the scene in which another
automoblile gets ahead of the player's automobile, the sound-image

position of the engine sound of another automobile is controlled
to be gradually moved ahead.

As described above, the fourth embodiment is applied to the
game device. However, it is possible to modify the present
embodiment such that the sound-image position control is
performed in response to the video scene played by the wvideo disk
player. Or, it is possible to apply the present embodiment to
the CD-I system. In this case, the foregoing scene-
identification signal SCS and panning signal PS can be recorded
at the sub-code track provided for the audio signal.

Furthér. the present embodiment uses two sound-directional
devices, however, it is possible to modify the present embodiment
such that three or four sound-directiomal devices are provided to
cope ‘with more complicated video scenes. In this case, the
complicated control must be performed on the panning signal PS.
However., it 1S not necessary to provide hundreds of sound-
directional devices., or 1T is not necessary to simultaneously
change hundreds of coefficients for the FIR filters.

Moreover, the sound-directional device of the present
embodiment is configured by the FIR filters, however, this device
can be configured by the 1nfinite-;mpulse response digital
filters (i.e., IIR filters). For example, the so-called notch
filter i{s useful when fixing the sound-image position with
respect to the elevation-angle direction. Further, it is also
known that the band-pass filter controlling the specific
frequency-band 1s useful when controlling the sound-image
position with respect to the front/back direction. When
embodying such filter by use of the IIR filters, the fixing
degree of the soundQLmagefposition may be reduced as compared to
the FIR filters. However, the IIR filter has a simple
Configuration as compared to the FIR filter, so that the number
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of the coefficients can be reduced. In short, the IIR filfer is
advantageous in that the controlling can be made easily.

Lastly. this invention may be practiced or empodied in still
other ways without departing from the spirit or essential
character thereof as described heretofore. Therefore, the
preferred'embodiments described herein are illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims and all variations which come within the meaning
of the claims are intended to be embraced therein.
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i dentii fi .cat i on signal SCS and panning signal PS. A coefficient nenory 32
stores the coefficients of the FIR filters. As descrlbed_bw t he
i mpul se response is neasured with respect to the virtual. ﬁeakerW‘h\s

| ocated at the desirable position. so that the above- - r"ﬂﬂ'ﬂﬂﬂ"'"’ments
' Low g e

are determ ned
- 35 -

1. A sound image position control apparatus comprising:

a sound signal input means (CH10-17) for inputting sound signals;

at least two real speakers (SP(L), SP(R)) for outputting output sound signals;

a plurality of virtual speaker forming means (DL10-13, KL10-13, KR10-
13) coupled to the real speakers so as to define a virtual speaker sound field enlarged
with respect to a sound field defined by positions of the real speakers, each of the
plurality of virtual speaker forming means processing a signal input thereto so that a

~ sound generated by at least two of the real speakers is localized at a position of a
corresponding virtual speaker, wherein each of the plurality of virtual speaker
forming means generates right-side and left-side signals by processing the signal
input thersto;

a mixing means (AD10-13) for mixing the right-side signals output by the at
least two of the virtual speaker forming means and then providing the mixed right-
side signais to one of at least two of the real speakers and for mixing the left-side
signals output by the at least two of the virtual speaker forming means and then
providing the mixed left-side signals to the other of the at least two of the real
speakers, characterized by _

a distributing means (MTRT; 35, 36} for receiving a sound signal from the
sound signal input means and then distributing it among at least two of the virtual
speaker forming means at a distribution ratio:

wherein a sound, corresponding to the sound signal.' generated by the at least
two of the real speakers is localized at a position between at least two virtual
speakers, cdrresponding to the at least two of the virtual speaker forming means, in
accordance with the distribution ratio.

2. A sound image position control apparatus according to claim 1, wherein the
distribution ratio is determined in accordance with a frequency characteristic of the
sound signal.

L
L
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on the basis of (-he—tesuli—of-t-he measurenent. In order to locate the
virtual speaker R‘EPLAQE%V;WGM@SIIIOH correspondi ng Jt—e—tqqe_cr‘r-‘-ma of the
I[Ents 10

ganme, the coeffijc Ii?fllters are corrputed ce wWth-
respect to severfal ?:7 Bgﬁnlg of ithe virtual speaker and HFH!MMJ ese
coefficients arg S d dfiresses of the rrermry * g

~to the scene- iqer nal SC36 As descri bed before each of
sound- directioral devices 33. 34lis configured by two FIR filters. The
coefficient applTed™tothe FrR T Tter can be changed by the coefficient
data given fgom t fife @Oi4d Rhad¥®pbéifish 3dntrol apparatus of claim 1, further comprising a

crosstalk cancellation circuit coupled to the mixing means and the real speakers.

n

4.  The sound image position control apparatus of claim 1, wherein the sound
signal input means comprises a tone generator controiled by a MID! signal.

5. The sound image position control apparatus of claim 1, wherein the
distributing means includes a matrix controller containing plural multipliers and
plural adders in which a connection pattern is changed to accommodate a change in a
signal distributing protocol.

6. A sound image position control apparatus according to claim 1, wherein each of
the virtual-speaker forming means comprises:

a delay circuit (DL10-13) having two delay times, the delay circuit delaying a
sound signal input thereto by each of the delay times so as to output two delayed
signals; and .

an allocation ratio applying means (KL10-13, KR10-13) for ‘applying a
predetermined allocation ratio to the delayed signals, thus allocating the delayed
signals to the at least two of the real speakérs as the right-side and left-side signais.

7. A sound image position control apparatus according to claim 1, wherein the
plurality of virtual speaker forming means comprise a finite-impulse-response
digital filter.

8. A sound-image position control apparatus according to claim 1, wherein the
distributing means includes distribution control means which controls the
distribution rate to change a localization position of the sound between the positions of
the at least two virtual speakers.

9. A sound image position contro! apparatus accordmg to any of the precedmg _
claims further comprising:
display means (15) for displaying a visual image corresponding to a video
. signal; | '
video signal producing means (21 in Fig. 12), included by the sound signal
input means'.' for producing a video signal (VS), a sound signal (EFS) and a scene-
identiﬁcation. signal (SCS), the scene-identification signal corresponding to each scene
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In response to the scene-identification signal SCS, the-control portion 11
reads out the coefficient data, respectively corresponding to the virtual
speakers L. R fromthe coefficient menory 32, and consequently. the read
coefficient data are respectively supplied to the sou m“ anﬂ[lﬂclumv“ ces
33, 34. \Wen receiving the coefficients. each of the H H

devi ces 33. 34 perforns the predeterm 8d8d=si gnal processing 'on" hé ihput
signal of the FIR filters, thus locating the virtual speaker at the optinm

position corresponding to the scene-
of a display image on the display means; and

control means (31) for controlling at least two of the virtual speaker forming
means (33, 34) in accordance with the scene-identification signal so that positions of
at least two of the virtual speakers are controlled in response to the scene-

identification signal.

10. A sound image position control apparatus according to claim 9, wherein the
video signal producing means (21) aiso produces a panning signal (PS) corresponding
to the distribution ratio, and then the control means controls the distributing means
(35, 36} in accordance with the panning signal so that a position of the sound signal
localized between the at least two of the virtual speakers is moved in respohse to the
~ panning signal. ' )

1. A sound image position control apparatus according to anyone of claims 1
through 8 further comprising:

a display means (15) for displaying a predetermined animated image on a
dispiay screen thereof, said animated image corresponding to the sound to be virtually
produced by the at least two virtual speakers,' wherein a display position of said
animated image corresponds to a position of a sound to be localized by the at least two.
‘virtual speakers so that the position of the sound to be localized corresponding to said
animated image is moved in accordance with 2 movement of said animated image on the
display screen of said display means.

12. A sound-image position control apparatus as defined in claim 9 wherein said
virtual speaker forming means includes at least two virtual-speaker position control
means (33, 34) which respectively perform predetermined signal processings
corresponding to said scene -identification signal on said audio signal so as to form at
least two virtual speakers by which the sound image corresponding to said audio signal
is formed.

13. A sound-image position control apparatus as defined in claim 12 wherein an
audio/video information producing means is provided producing a panning signal (PS})
by which the sound image position is located at a certain interior-division point in
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I dentification signal SCS
t0 the sound- directional

coefficients respectively corresponding to the val ues "PS"

control
si gnal

portion. Herein.

_ The sound effect signaf EFS is allocated
. | devices 33.,34 via multipliers 35. 36
respectively. These nultipliers 35, 36 also receive the nmultiplication

"1- PS fromthe

: the value "PS' represents the value of the pannin
PS. while the value "1-PS" repré8enmts the one's conpl ement ofpthe ]

panning signal PS. THGyNp-IMAGE POSITION CONTROL APPARATUS

ABSTRACT

In order to obtaln a sound-broadened ilmage @and a clear
sound-image discrimination image when producing plural kinds of
sounds, the electronic musical instrument and the like provides a

sound-image position control apparatus.

This apparatus at least

provides a signal mixing portion (e.g.. matrix controller; MIRL)
and a virtual-speaker position édontrol portion (DL10-DL13, KL10-

KI-13. HIO‘KR13. ADlo-ADls)n

Herein, the signal mixinz'portion

mixes plural audio signals supplied from a sound source (17) and
the like in accordance with a predetermined signal mixing
procedure so as to output plural mixed signals. In order to
control positions of virtual speakers (VS10-Vs13) which are
emerged as sound-producing points as {f each kind of sounds 1is
produced from each of these points, the virtual-speakér position
control portion applies different delay times to each of plural
mixed signals sc as to output delayed signals as right-side and
left-side audio signals to be respectively supplied to right-side
and left-side speakers (SP(R). SP(L)). Thus, the sound-image
positions formed by the virtual speakers are controlled well, so
that the person can cleariy discriminate and recognize each of

the sound-image positions.
game device providing a display unit which displays

image representing

FIGURE 1A

When applying this apparatus to the

an animated

a visual image of the air plane and the like,
by adequately controllihg the sound-image position, 1t is
possible to obtain a brand-new 1ive-audio effect, by which the
point of producing the sounds corresponding to the animated image
can be moved in accordance with the movement of the animated

- image which is moved by the player of the game.
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SOUND-IMAGE POSITION CONTROL APPARATUS

The present invention relates to a sound-~image position
control apparatus which 1s suitable for use in the'electronic
musical instruments, audio-visual devices and the like so as to
eventually perform the sound-image localization.

As the device which offers the person the sound-broadened
image, there are provided the stereo-chbrus device, reverberation
device and the like. Herein, the former one is designed to
produce fhe sound of which phase 1s slightly shifted as compared
to that of the original sound so that this phase-shifted sound
and the original sound are alternatively produced from the left
and right loud-speakers, while the latter one is designed to
impart the reverberation effect to the sounds.

In addition, there is another device, called the panning
device. This panning device is designed to brovide the
predetermined output-level difference between the sounds which
are respectively produced from the left and right loud-speakers,
resulting that the stereophonic effect or stereo-impressive image
is applied to the sounds.

The above-mentioned stereo-chorus device or reverberation
device can enlarge the sound-broadened image. .However, there is
a drawback in that the sound-distribution image which is sensed
by the listener must become unclear when enlarging the sound-
broadened image. Herein, the sound-distribution image is defined
as a degree of discrimination in which the person who listens to
the music from the audio device can specifically discriminate the
sound of certain instrument from the other sounds. For example,
when listening to the music played by the guitar and keyboard by
the audio device having a relatively good sound-distribution
image control, the person can discriminate the respective sounds
as 1f the guitar'sound is produced from the predetermined left-




52 d t tf]ecogd FIR Li Iters in the sound-directional devices 33, 34 are
adde oget her. by anot her adder 38. Therefore, theseapUElSms dunies
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side pasition, while the keyboard sound is produced from the predetermined right-side
position (hereinafter, such virtual pasition will be referred to as the sound-image
position). When listening to the music by use of the aforementioned stereo-chorus
device or reverberation device, it is difficult for the person to clearly discriminate
the sound-image positions.

In the panning device, the sound-image position must be fixed at the predetermined
pasition dispased on the line connecting the left and right loud-speakers on the basis of
the sound-image localization technique, resulting that the sound-broadened image
cannot be substantially ‘obtained. In other words, when simuitaneously producing
plural sound each having a different sound-image position, the panning device merely'
functions to roughly mix up those sound so that the clear sound-image positions cannot
be obtained.

in the meantime, the panning device is frequently equipped with or built in the
electronic musical instrument when simulating the sc;u_nds of the relatively large-
scale instruments such as the piano, organ and vibraphone. In such instrument {e.g.,
piano), the sound-producing positions must be moved accompanied with the
progression of notes, !hué. the panning device functions to simulate such movement of
the sound-producing positions. ’ |

However, the panning device also suffers from the aforementioned drawback. More
specifically, the panning device can offer cenain' degree of panning effect when
simuiating the sounds, however, it is not possible to clearly, discriminate the sound-
image position of each of the sounds to be produced. in short, the panning device cannot
perform the accurate simulation with respect to the discrimination of the sound-image
positions.

EP-A-0 357 402 discloses a sound imaging method and Iapparatus. The sound
pracessing according to this reference involves dividing each monaural or single
channel signal into two signals and then adjusting the differential phase and amplitude
of the two channel signals on a frequency dependent basis in accordance with an
empirically derived transter function that has a specific’ phase and amplitude
adjustment for each predetermined frequency interval over the audio -spéclrum. For
each dilferant sound source Iocatioﬁ a specific transfer function must be empirically
derived and. stored. If a sound source should be made to appear to move, a large number



38 out put their addition results as signal rerid3. 44

-
rrespectively. These signals are supplied t cafigel er 39.

The cross-tal k canceler 39 is provided to al k conponent

i ncluded in the sounds. For exanple, the cro LN 9B orefion nust  be
occurred when produci ng the sounds froogthg 4y n Fig. 13. Due
to this cross-tal k phenonenon, the sound cgnponent produced romthe

| eft-si de speaker affects the sound which T e right-side

of different translter functions must be pravided and stared in the apparatus. Since each
transter function is empirically derived this method is very time consuming.

US-A-4,685,134 discloses a muiti-channel computer generated sound synthesis
system. The system includes in each channel a sound generator having a programmatle
delay and an adjustable gain. This known system is expensive since each of the chaanel
requires at least one separate sound generator. if different kind of sounds should be
produced simuitaneously the number of ;he sound generators and thus the costs of the
sound system would incraase drastically.

It is accardingly a primary object of the present invention to provide a2 sound-image
pasiticn control apparatus by which even when simultaneously praducing plural
sounds each having a different sound-image position, it is passible to clearly
discriminate the sound-image pasition of each of the sounds to be produced.

It is ancther object of the prasant invention to provide a sound-image pasition cantrol
apparatus which can offer the sound-broadened effect, stereaghonic effect or sterec-
impraessive image when simultaneously producing plural sounds each having a
diffarent sound-image position.

it is a further object of the present invention to provide a sound-image position
' control apparatus which can offer a sound-image localization with a simple
configuration of the apparatus.

These objects are achxeved according to the invention by a sound image position control
_apparatus as defined by the appended mdepem:lent claim 1, with the advantageous
embodiments defined by the dependent claims.

According to the fundamental configuration of the present invention, the scund-image
pasition control apparatus comprises a signal maxmg portion and a virtual-speaker
position control partion. Herein, the signal mixing pomon mixes piural audio signals
supplied therete in accardance with a predetermined signal mixing procedure sa as {0
. output plural mixed signals. The virtual-speaker pasition control pomon applies
_different delay times to each of plural mixed signals so as to output delayed signals as
right-side and left-side audio signals to be respectively supplied ta right-side and
. left-side speakars. In this case, some virtual speakars are vitually emerged as



produced fromthe right-side speaker affects t he fo nd mhlch s
fromthe left-side speaker for the left ear of the i s onmiN §98/s
to cancel the above-nentioned cross-tal k conponentis, t & Cross- aa
cancel er 39 perforns the convol ution process by uske ! =T ngerted
si gnal having the phase which is inversg to that of the cross-talk

conponent. Under operation of this croSs-talk cancel&r 39. the outputs of
t he sound-directional device 33 are converted into the sounds which are
roughly heard by the left ear only fromthe |eft-side

sound-praducing paints as if each of the saunds is produced from each of these paints.

Thus, sound-image positions formed by the virtual speakers are contralled in
accordance with plural mixed signals.

Under effect of the aforementioned configuration of the presant invention, the sounds
applied with the stersaphonic effect and clear sound-image discrimination effect are to
be actually produced from the right-side and left-side speakers as if the sounds are
- virtually produced from the virtuzl speakers of

which positions are determined under coatrol of the virtual-
speaker position control portion. '

When applying this apparatus to the game device providing a
display unit which displays an animated image represeating an
image of the air plane and the like, by adequately controlling
the sound-image position, it Ls possible to obtain a brand-new
live-audio effect, by which the point of producing the éounds
corresponding to this animated image is moved in accordance with
the movement of the animated image which is moved by the player
of the game.

Moreover, the present invention can be easily modified to be
applied to the movie system or video game device in which the
sound-Iimage position is controlled responsive to the video image.

" This system comprises an audio/video signal producing portion;: a
scene-identification signal preoducing portion. a plurality of
speakers; a sound-image forming portion: and a control portion.

The above-mentioned scene-identification signal producing
portion outputs a scene-identification signal in response to a
scene represented by the video signal. The sound-image forming
portion performs the predetermined processings on the audio
signals so as to drive the speakers. Under effect of such signal
processings, the speakers produce the sounds of which sound-image
positions are fixed at the desirable positions departing from the
linear spaces directly connecting the speakers. The control '
portiocn controls the contents of the signal processings so as to
change over the fixed sound-image position in response to the
scene-ldentification signal.



speaker, while the outputs of the sound-directional device 34 are converted
iI'nto the sounds which are roughly heard by the right-ear onIy fromthe

ri ght-si de speaker. Such sound allocation can r §fH ; situation
in which the listener hears the sounds by use of RERE
Meanwhi | e, the cross-tal k canceler 39 receives :'
BP fromthe control portion 31. This cr ss t al p
automatically produced by the control rtlon glq gﬁéiﬁmgﬁﬁkn
headphone pl ug |nto t he headphone jack (not

si gnal

Further objects and advantages of the present invention will
be apparent from the following description., reference being had
to the accompanying drawings wherein the preferred embodiments of
the present invention are clearly shown.

In the drawings:

Fig. 1(A) is a block diagram showing an electronic
" configuration of a sound¥imaze position control apparatus
according to a first embodiment of the present invention;

Fig. 1(B) is a plan view 1llustrating a position
'relationship between the performer and speakers:

Fig. 2(A) 1s a block diagram showing another example of the
arrangement of circuit elements in a matrix controller;

Fig. 2(B) is a plan view illustrating another example of the
position relationship between the performer and speakers:

Fig. 3(A) is a block diagram showing a detailed electronic
.configuration of a cross-talk canceler shown in Fig. 1(A):

Fig. 3(B) is a plan view illustrating another example of the
position relationship between the performer and speakers:

Fig. 4 is a plap'view illustrating a fundamental position
relationship between the performer and speakers according to the
present invention: |

Fig. § is a block diagram showing a modified example of the
first embodiment:; ’ '

Fig. 6 is a block diagram showing an electronic
configuration of a sound-image position control apparatus
according to a second embodiment of the present inventioni.

Fig. 7 1s a drawing showing a relationship between the
person and virtual sound source;

Fig. 8 {s a block diagram showing an electronic
configuration of a2 game device to which a sound-image position
control apparatus according to a third embodiment of the present
invention is applied:;

Fig. 9 is a drawing showing a two-dimensional memory map of
a coordinate/sound-image-position coefficlent conversion memory
shown in Fig. 8;



shomn). When t he-headphone plug is not inserted, the cross-talk bypass
signal BP is turned off, so that the sounds are reproduced fromtwo

speakers while canceling the cross-talk conponentsnas_dgﬁgLLIMﬂi .efore On
t he other hand, when the headphone plug is ’=,dfvﬂ" "b
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Fig. 10 is a plan view illustrating a position relationship
between the player and game device;

Fig. 11 is a block diagram showing an electronic
configuration of a video game system;

Fig. 12 is a block diagram showing an electronic
configuration of a sound-image position control apparatus, shown

in Fig. 11, according to a fourth embodiment of the present
invention;

Fig. 13 is a drawing illustrating a position relationship
among a listener, loud-speakers and a video screen;

Fig. 14 illustrates a polar-coordinate system which is used
for defininf a three-dimensional space: and '

Fig. 15 1s a block diagram showing a typical example of a
virtual-speaker system, of which concept is applied to the fourth
embodiment. |

Now, description will be given with respect to the
embodiments of the present invention by referring to the
drawings, wherein the predetermined position relationship is
fixed between a performer P and an instrument I as shown in Fig.
4. In the description. the lateral direction indicates an arrow

. direction "a”, while the longitudinal direction indicates an
arrow direction "b" as shown in Flg. 4.
!
{A] First Embodiment
(1) Configuration

Fig. 1(B) is a plan view illustrating 2 positiqn
relationship between a person M (i.e., performer) and an
electronic musical instrument containing two speakers (i.e.,
loud-speakers). Herein, KB designates a keyboard providing
plural keys, wherein when depreésing a key. a tone generator (not
shown) produces a musical tone waveform signal having the pitch
corresponding to the depressed key. SP(L) and SP(R) designate
left and right speakers respectively. These speakers SP(L),
SP(R) are respectively arranged at the predetermined left- side
and right-side positions of the upper portion of the instrument.



- 29-

-7-

Flg. L(A) Ls a block diagram showing an eleccronlc

.. configuraticn of a sound-image pasition control apparatus L

accordlag to a first embodiment of the present ianvention. This
apparatus 1 provides elght channels respectively denoted by
aumerals ChlQ to Chl7 (given with a general numeral "Ch"),
whereln each channel Ch recelves the mus lcal tone waveform signal
produced from the tone generator. Speclfically. the musical tone
waveform signal supplied to each channel Ch has the allocated
frequency domain correspondiﬁg.tc sone musical notes
(hereinafter, referred to as the allocatad tone area).

More specifically, the allocation of the tone areas ls given
as follows: the musical tone waveform signal of which tone area
corresponds to the lowest-pitch note to ClL nota is supplied To
the channel Chl0, while the musical tcne waveform signal of which
tone area corresponds to C#l note to C2 note- is supplied to the -
channel Chil. - .Similarly, the tome area of C&2 to F2 is allocated
to the channel Chi2; the tone area of F#2 To C3 Ls allocated to
the chanpel Chi3d: the tone area of C#3 to F3 is allocated tTo the
channel Chl4: the tome area of F#3 to C4 i{s allocated to the
channel Chl3; the tone area of C#4 to C#5 is allocated to the
channel Chls; and the tone area corresponding to the DS note to
the highest-pitch note is allocated to the cqénnel ChlT.

Next, M1 to M12 desigmate multipliéfs whick multiply the
musical tone waveform signal supplied thereto )34 respective
coefficients CM1 to CM12. IN10 to IN13 designate adders, each of
which receives the outputs of some multipliers. The above-
mentioned elements, {.e., multipliers Ml to M12, adders IN1O to
IN13 and channels Chl0 to Chl7 are assembled together into a
matrix controller MIRL. Herein. the connection relationship and
arrangemeﬁt relationship among those elements of the matrix
controller MTRL can be arbitrarily changed in response to the
control signal and the like. Incidencally. the detailed
explanation of this matrix controller MTR1 will be given later.

Meanwhile, DL10 to DL13 designate delay circuits which
respectively delays the outputs.of the adders IN10 to IN13. Each
of them has two output terminals each having a different delay
time.



t he S|gnals are supplied to the headphone set from which the sounds are
reproduced. Next, the description wll g. rer-—wi-threspect to the

met hod how to control and fix the sound-imge “ffﬁﬁﬁﬁﬂaﬂﬂﬁﬁﬁinnlng

signal PS. Wen the val ue of the panning signgl EﬁS‘F?‘unaf—m ero. the
f-oregoi ng sound effect signal EFS is suppliedjt I feftiona

device 34 only. Thus. the sound-inmage positioh position of
the virtual speaker (i.e.. : -8- L;

The signal outputted from a first output terminal TL10 of
the delay circuit DL10 is multipllied by the predetermlned
coefficlent by a multiplier KL10, and then the multiplied signal
is supplied to a first input (L.e., input for the left-side
speaker) of a cross-talk canceler 2 via an adder AD10. On the
other hand, the signal outputted from 2 second output terminal
TR10 of the delay circuit DL1O is multiplied by the predetermined
coefficient by a multiplier KR10, and then the multiplied signal
is snpplied to a second input (i.e., input for the right-side
speaker) of the cross-talk canceler 2 via adders AD12, AD13.

Similarly. the signal outputted from a first terminal TL1l
of the delay circuit DL1l. is eventually supplied to the first
input of the cross-talk canceler 2 via a multiplier KL11 and the
adder AD10, while another signal outputted from a second terminal
TR11 of the delay circuit DL1l is eventually supplied to the
second input of the cross-talk canceler 2 via a2 multiplier KR11l
and the adders AD12, AD13. The signal outpqtted from a first
terminal TL12 of the delay circult DL12 is eventually supplied to
the first input of the cross-talk canceler 2 via a2 multiplier
KL12 and the adder AD1l, AD10, while another signal outputted
from a second terminal TR12 of the ‘delay circuit DL12 is
eventually supplied to the second 1nput of the cross-talk
canceler 2 via a multiplier KR12 and the adder AD13. ILastly. the
signal outputted from a first terminal TL13 of’the delay circuit
DL13 is eventually supplied to the first input of the cross-talk
canceler 2 via a multiplier KL13 and the adders AD11l, AD10, while
another signal outputted from a second terminal TR13 of the delay
circuit DL13 is eventually supplied to the second input of the
cross-talk canceler 2 via a multiplier KL13 and the adder AD13.

The above-mentioned cross-talk canceler 2 is designed to
cancel the cross-talk sounds which are emerged when the person
hears the sounds with his both ears. In other words, this 1is
designed to eliminate the cross-talk phenomenon in which the
right-side sound is entered into the left ear, while the left—



position of the speaker 45 in Fig. 13) which is | ocated by the

sound-directional device 34. On the other handjzwh ,tﬁﬁﬁﬁﬂ@%,:.r t he
panning signal PSis at "1", the sound effect BSgEatUEREBNL aphl i ed to the
sound-directional device 33 only. and consequehtlly, the sound- pge
position is fixed at the position of the VIFtU?| ShER 4ggge.} [position of
a speaker 46) which is located by the sound-digegtiona devi cd 3B. Wen the
val ue of the panning signal PSis set a® -a poi ht*“betrweeT* cld "1", the
sound-i mage position-is fixed at an interior-dfvision poi nt_cor riespondi ng

to the panning signal PS between the virtual

side sound is entered into the right ear. Fig. 3(A) shows an
example of the circuitry of this cross-talk canceler 2. This
circult is designed on the basis of the transfer function of head
which is obtained through the study of the sound transmission
between the human ears and dummy head (i.e., virtual simulation
model of the human head). On the basis of the experimental
values obtained through the transfer function of head, the study
'{s made to compute the sound-arrival time differences between the
left and right ears and the peak values of the impulse response
of the transfer function. In response to these values, this
circuitry performs the delay operations and weight functicnal
caluculus.

The observation is made on the model wherein both of the
speakers SP(L), SP(R) are positioned apart from the person M by
1.5 m respectively and they are also respectively arranged at the
predetermined left-side and right-side positions each of which
direction is deviated from the front direction of the person M by
45° . Since the foregoing transfer function of head of the
person M is the symmetrical function, one of the speaker SP(L),
SP(R) is sounded so as to actually measure the sound-arrival time
difference between the left and right ears and the peak values of
the impulse response. Herein, coefficients of multipliers and
.delay times of delay circuits in the circuitry shown in Fig. - 3(A)
are determined on the basis of the result of tﬁe measurement.

For example, when the result of the measurement indicates that
the left/right level difference is at 6dB (or 0.5) and the
left/right time difference is at 200z s, the same coefficient
"-0.5" is applied to multipliers KL30, KR32, while the same delay
time 200z s is set to delay circuits DL30, DL32. Incidentally,
the other circult elements in Fig. 3(A), i.e., delay circuits
DL31, DL33 and multipliers KL31, KR33 configure the all-pass

" filter which 1s provided to perform the phase matching.

As shown in Fig. 1(A), the left and right output signals of
the cross-talk canceler 2 are amplified by an amplifier 3 and



speakers 45. 46. (b) Operation of Fourth Enbodi ment
description will be given with respect to the operat
enbodi ment by referring to Fig. 13. In Fig. 13, &
at the center, whereas the |eft-side speaker 43
left/front-side position fromthe player 41 whic
=45[err] , [err]= O[err] , r=l.5m while the ri
| ocated .at the right/front- -10 -

swlocated ar twd;

'k *Ff%é”’%ﬁ@

then suppllied to the left and right speakers SP(L), SP(R). from
which the corresponding left/right sounds are produced. When
listening to the sounds which are produced by means of the cross-
talk canceler 2, the cross talk is canceled, resulting that the
clear sound separation between the left/right speakers is
achlieved. '

Next, the description will be given with respect to the
functions of the delay circuits DL10-DL13. In case of the delay
circuit DL10, the signal outputted from the terminal TR10 is
multiplied by the predetermined coefficient in the multiplier
KR10, and consequently, the multiplied signal will be converted

" into the musical sound by the right speaker SP(R). On the other
hand, the signal ocutputted from the terminal TL10 1is multiplied
by the predetermined coefficient in the multiplier KL10, and
consequently, the multiplied signal will be converted into the
musical sound by the left speaker SP(L). In this case, the
sound-image position is determined_by two factors, 1.e., the
difference between the delay times of the sounds respectively
produced from the right and left speakers, and the ratio between
the toné volumes respectively applied to the left and right
speakers. Since the present embodiment can set the above-
mentiocned delay—tiﬁe difference in addition to the above-
menticned tone-volume ratio, the sound-image position can be set
at certain position which is far from the speakers SP(L). SP(R)
and which departs from the line connecting these speakers. In
short, it is possible to set the sound-image poéition in the
arbitrary space which departs from the linear space connecting

" the speakers. In other words, the virtual speakers which are not
actually existed are placed at the arbitrary spatial positions,
so that the person can listen to the sounds which are virtually
produced from those positions. In the present embodiment, the
delay circuit DL10 functions to .set the virtual sound-producing
position at VS10 (see Fig. 1(B)), which is called'as the virtual
sSpeaker.



S|de position fromthe player 41 which is deflne'fi.n EHa
[ferr] =0O[err], r=1.5m In front of the player 41, )
di spl ay screen 42 of the video device 23. In the:p”e
di splay screen 42 has a flat-plate-like shape. '
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Similarly, the other delay circuits DLLl, DL1L2, DC13
respectively correspond to the virtual speakers VS1ll, VS12, VS13
as shown in Flg. 1(B). As shown ino Flg. 1(B}, these virtual
speakers VS10, VSil, VS12, VS13 are respectively and roughly
arranged along with a circular line which can be drawn about the
performer. When drawing the center line between the performer
(L.e.. circle center) and respective one of the virtual speakers
VsS10, VS1l, VS12, VS13, there are formed four circular angles,
60° , 24° ., 24° , 60° as shown in Fig. 1(B).

Next, the description will be given with respect to the
~functions of the matrix controller MIR1. As described before,
this matrix contreoller MTﬁl is designed to control the connection
-relationship and arrangement relationship among the multipliers
ML-M12, adders IN1O- IN13 and channels Ch10-Chl7. Such control
indicates how to assign the signals of the channels Ch10-Ch17 to
the virtual speakers VS10-VS1i3. Thus, the sound-image- position
of each channel Ch can be determihed by the ratic of each
channel-output signal applied to each virtual speaker. In other
words, the panning control is carried out on the virtual speakers
VS10-VS1i3 respectiveiy. thus controlling the sound-image position
with. respect to each channel.

In the present embodiment as shown in Fig. 1(A)., the
allocation ratio of the each channel-output si&nal apblied To
each virtual speaker is controlled by setting the coefficients of
the multipliers M1-M12 as follows: CM1=0.75 (by being multiplied
by this coefficient. the tone volume of the musical tone waveform
signal is reduced by 2.5dB), CM2=0.75, CM3=0.25 (by being
multiplied by this coefficient, the tone volume of the musical
tone waveform signal is reduced by 12dB), CM4=0.75, CMS=0.625 (by
being multiplied by this coefficient., the tone volume of the
musical tone waveform signal is reduced by 4.08dB), CM6=0.313
(which is equivalent to the reduction of 10.08dB in the tone
volume of the musical tone waveform signal). CM7=0.313,
CM8=0.625, CM9=0.75, CM10=0.25, CM11=0.TS, CM12=0.7S.
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For exanple, the player 41 plays the gane and the duel scene
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Fig. 2(A) shows another example of the arrangement and
connection among the multipliers and adders under control of the
matrix controller MTRL. In this example, only two delay circuits
DL10, DL13 are used for the virtual speakers. In short, as shown
in Fig. 2(B), two virtual speakers VS10, VS13 are used for the

production of the musical sounds. Herein, under control of the

matrix controller MIRL, some of the signals of the channels Ch1l0-
Chl7 are adequately allocated to each of the adders IN10, IN13 so
as to control the sound-image positions. In this example, the
coefficients of the multipliers Ml-Ml4 are respectively set as
follows: CM1=0.7S, CM2=0.7S, CM3=0.313, CM4=0.625, CMS=0.375 (by

‘being multiplied by this coefficient, the tome volume of the

musical tone waveform signal is reduced by 8.5dB), CM6=0.5 (which
is equivalent to the reduction of 6dB in the-tone volume of the
musical tone waveform signal), CM7=0.438 (which is equivalent to
the reduction of 7.168dB. in the tone volume of the musical tone
waveform signal),. CM8=0.439, CM9=0.5, CM10=0.375, CM11=0.625,
CM12=0.313, CM13=0.75, CM14=0.TS.

(2) Operation _
Next, the description will be given with respect to the
operation of the present embodiment.

When the performer P plays the keyboard to perform the
music, the musical tone waveform signal is produced in response
to each of the keys depressed by the performer. Then, the
musical tone waveform signals are respectively allocated to the
channels on the basis of the predetermined tone-area allocation
manner, so that these signals are eventually entered into the
matrix controller MTRL. Assuming that the circuit elements of
the matrix controller MIR1l are arfanged and connected as shown in
Fig. 1(A). the musical tone waveform signals are produced as the
musical sounds from the virtual speakers VS10-VS13 in accordance
with their tone areas. |



of the Western is displayed. In this case, the ganme device 21 outputs the
scene-identification signal SCS to the control gmtlon 31 in the

sound-i mage position control apparatus 22. wher gJp -
scene-identification signal SCS has the predeted
value. e.g.. four-bit data "01l1". Then, the con
coefficient data CL,--corresponding to the scene
fromthe coefficient nenory 32, wherei-nldhis co¢
the coefficient for the FIR filter which corresp
| eft-side virtual speaker 45 (defined by

E’ . 'Rfying

I portlon 31])ir gads out

fenﬂ@ﬂﬁﬂtm Hi gnal SCS,
icient data Cl fepresents

onds to the pos t]on of the

The decalled explanatlon can be described as follows. Flrsc
of all. the muslcal tooe waveform slznals cocrespoading to Che
tane area becween the lowest-pltch noce 2ad Cl aote (see Chlo)
are produced as the musical sounds from the virtual speaker VsS1Q.

In addicloa, the musical ctone waveform slgnals corresponding to
the tone area betwesn the C#l note and C2 note (see Ch;L) are
produced as the musical sounds from the virtual speskers VSL2
vS10. BHowever, due to the coefficlents af the multipliers M2,

3, the socund-image positiocuns correspondling to those uotes are
placed close to the virtual speaker ¥S10. More specifically,
these sound-image positions are arranged on the line connecting
the virctual speakers VS1i2, VsliQ, but'cnéY are also locatad clese
to the virtual speaksr VSI0. Further, Che musical tone waveform
siznals corrésponding to'the tone area betwean the Ci#2 nota to F2
note (see ChlL2) are produced as the musical sounds Irom the
virtual speakar VSil. Similarly, the other musical tone waveform
signals corresponding to each the other Ttone areas (L.e., e2ch of
the other channels) are eventually produced as the musical scunds
from the predgtermined one or two virtual speakers at certain
sound-image positions. Thus, the sound-image poesitioas”
corresponding to the tone areas which are respectively arranged -

. from the lowesT pitch to the highest pitch are sequentially
arran:ed from the left-side position to the ri;ht-siQe position

- along with a circular line drawn about the performer P (see Fig.
1(B)). As a result, when the perfarmer P sequentially depress
the keys from the lower pitch to the higher pitch. the sound-
image positions are sequentially moved from the left-side
position to the right-side position along with the above-
mentioned circular line. In short, 1t Ls passible to control the
left/right and front/back positiodinzs of the sound images.

On the ocher hand. when the circulit elements of the matrix _
controller MTRL are arranged and coannected as shown in Fig. 2(A).
the musical tone waveform signals of each tone area are
evenctually produced as the musical sounds from one or both of the
virtual speakecs VSLO, VSL13. Thus. the pesitioalng coatrol of



[erf] =85[err], [err]=0, r=3.5m). This coefficient

t-he sound-directional device 33. In addition, the
read out another coefficient data CR representing
FIR filter which corresponds to the position of tHh
virtual speaker 46 (defined by [err] =40[err]
This coefficient data CRis supplied to the sound-

, [grr

1=65[err]

Thus, the virtual speakers 45, 46 are Jpgated at t
as shown in Fig. 13.

di recti onal devic

the sound images are controlled on the line connecting these
virtual speakers. In this case, the control of the front/back-
side sound-broadened image 1s poor as compared to that of Fig.
1(A). BHowever, as comparing to the state where the musical
sounds are merely produced from the left/right speakers SP(L).
SP(R), this example can improve the control of the front/back-
side sound broadened image.

As described heretofore, the first embodiment is designed to
change the allocation manner of the musical tone waveform signals
by use of the matrix controller MIRIL, therefore, it 1is possible
to change over the control manner of the sound images with ease.

(3) Modified Example

Fig. S is a block diagram showing a modified example of the
foregoing first embodiment, in:which there are provided eight
delay circuits DL50-DLS7 used for emerging the virtual speakers.
In Fig. 5, the illustration 1is partially omitted, so that there
are also provided eight adders, in the matrix controller MIRL,
respectively corresponding to the above-mentioned eight delay
circuits DL30-DLS7. According to the configuration of_this
modified example, eight virtual speakers are emerged, so that the
musical tone waveform signals can be adgquately allocated to
these virtual speakers. Due to the provision of eight virtual
speakers, it is possible to perform the more precisely control on
the sound-image positions. ‘

{(B] Second Embodiment

Next, description will be: given with respect to the second
embodiment of the present invention by referring to Fig. 6,
wherein some parts corresponding to those of the foregoing first
embodiment are omitted.

In Fig. 6, numerals STR60-STRES designate respective tone

.zenerators which are controlled by the MIDI signal (l.e., digital

signal of which format Ls based on the standard for Muslical



The gane device 21 produces the nusical tone signals M, M which are sent
t'o the speakers 43, 44 via the adders 25, 26 an “mareas the

music which is suitable for the duel scene is reoRERAEMENDDIFRIHe ot her
background sounds such as the wi nd sounds are al . T rlegar dl ess
of the sound- image position control. In respong { of a
gunfighter which is the displayed i nage and play r the

pl ayer 41 in the gunfight gane, the saunﬁ-effectu -
gunshot sound is supplied to the sound-inage poﬂ tion control
In this case. if the value of the ' "

app atus 22.

Instruments Digital Interface). In short, one of the tone
generators STR60-STR6S designated by the MIDI signal Ls activated
" to produce the musical tone waveform signal. The outputs of
these tone generators STRE0~STR65 are respectively supplied to
the delay circuits DLS0-DL6S which are used for forming the
virtual speakers respectively. Then, the outputs of the delay
circuits DL60-DLBES are multiplied by the predetermined
coefficients respectively, so that some of the multiplied outputs
are added together in adders VSR1-VSR4, VSL1-VSL4, of which.
addition results are supplied to the cross-talk canceler 2.

According to the configuration of the above-mentioned second
embodiment, the output of each- tone generator is produced as the
musical sound from certain virtual speaker. Thus, when
respectively connecting six strings of the guitar with six tone
generators STR60-STR65, it is possible to well simulate the
sound-producing manner of the guitar with respect to each string.

~The reason why such well simulation can be performed by the
second embodiment is as follows:

When the guitar is located close to the listener so that the
strings are also located close to the ears of the listener, the
listener can clearly discriminate the separate sound produced
from each string of the guitar. However, as tge distance between
the listener and guitar becomes larger, the sound-separation
image of each string of the gultar becomes weaker. Therefore, in
the end, the sounds produced from all strings of the guitar will
be heard a2s one overall sounds which are produced from one sound-
production point. Thus, by adequately setting the delay times of
the delay circuits DLS0-DL6S and the coefficients which are
multiplied with the outputs of the delay circuits DL60-DL6S, it
is possible to offer the image of the distance by which the
instrument is departed from the listener.

In the meantime, 1t i{s possible to compute the distance
between the person and the virtual sound source which is embo§1ed



panni ng signal PS is equal to zero, the gunshot is nerely so

nir _ . unded fromth
position of the virtual speaker R46. Such sound effect cgrresponds to thee
scene in which the gunfighter shoots a gun by aimng at the player 41 from
t he second floor of the saloon. On the other vand, Ff—thevalue,of the

panning signal PS is equal to REPLACEMENT SHEET:
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by the delay circuit as shown in Fig. . Herein, "r" degignates
a radius of the head of the person M; *d" designates a distance
between the sound source and the ‘center of head; and g "
designates an angle which Is formed between the sound source and
the front -direction line of the head. In this case, it 1s
possible to compute distances "dr” and "dl” by the following
equations, wherein "dr” designates a distance between the sound
source and the right ear of the person, while "d1” designates a
distance between the sound source and the left ear of the person.

dr2 = r2 + 42 - 2rd- sing ... (1)

412 = r2 - d2 + 2rd- sind ... (2)
Thus, by computing these distances dr, dl with respect to each of
the strings, it is possible:to determine the-factors for
designing the delay circuits DL50-DL6S respectively.

Incidentally, in the aforementioned embodiments, 1t is
possible for the user to arbitrarily set the connection pattern
of the matrix controller MIR1l and the coefficient applied to each
of the multipliers. Or, it is possible to store plural
connection patterns and plural values for each ccefficient in
advance, so that the user can arbitrarily select one of them.

{C] Third Embodiment _

Next, description will be given with respect to the third
embodiment of the present invention, in which the sound-image
position control apparatus 1 is applied to 2 game device 9, by
referring to Figs. 8 to 10.

Fig. 8 is a block diagram showing an electronic
configuration of a game device 9. Herein, 10 designates 2
controller which controls the joy-stick unit, tracking-ball unit
and several kinds of push-button switches (not shown) so that the
operating states of them are sent to a control portion 11. The
control portion 11 contains a central processing unit (l.e.. CPU)
and several kinds of interface circults, whereas it is designed
to execute the predetermined gaﬁe programs stored in a program
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memory 12. Thus, the game is in progress. while the overall
control of the game device is performed by the control portion
11. In the progress of the game, a working memory 13 is
collecting and storing several kinds of data which are obtained
through the execution of the game programs. In response to the
game program to be executed, a visual image information memory 14
stores visual image data to be displayed, representiné_the
information of the visual images corresponding to character
images Cl, C2, C3 (given with the general numeral "C") and
background images BGl, BG2, BG3 (given with the general numeral
"BG"). These character images may correspond to the visual
images of person, automobile, air plane, animal, or other kinds
of objects. The above-mentioned visual image data are read out
in the progress of the game, so that the correspoanding visual
image is displayed at the predetermined position of a display
screen of a display unit 15 by the predetermined display size in
response to the progress of the game.

Next, a coordinate/sound-image-position coefficient
conversion memory 16 stores parameters by which the display

_position of the character C in the display unit 15 is located at

the proper position corresponding to the sound-image position in
the two-dimensional area. Fig. S shows a memory configuration of
the above-mentioned coordinate/sound-image-position coefficient
conversion memory 18. Fig. 10 shows a bosition relationship
between a player P of the'game;and the game device Sfin the two-
dimensional area. The X-Y coordinates of the coordinate/sound-
image-position coefficient conversion memory 16 as shown in Fig.
9 may correspond to the X-Y coordinates of the display screen of

. the display unit 15. In Fig. 9, the output channel number CH of

a sound source 17 and some of the coefficients CM1-CM12 which are
used by the multipliers M1-M12. in the sound-image position
control apparatus 1 are stored at the memory area designated by
the X-, Y-coordinate values which indicates the display position
of the character C in the display unit 15. For example, at an
area designated by "AR"., a value "13" is stored as the output



“1". the gunshot may be sounded in the scene in which the gunfighter is
pl aced at the left-side position very close to tqe_pLa¥eLH§;_mpd then the

gunfighter shoots a gun at the player 41. If t he| REMUS i Ng
signal PS is set at certain value between "0" anf { —c ~;‘ter IS
pl aced at certain interior-division point on thejl! connected betmeen t he
virtual speakers 45, 46. and then the gunshot i s} : ;
-18 - ;
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channel number, while the other values "0.6" and *0.8" are also
_stored as the coefficients CMS5, CM6 used for the multipliers MS,
M6 respectively.

The X/Y coordinates of the coordinate/sound-image-position
‘coefficient conversion memory 16 are set corresponding to those
of the actual two-dimensional area shown in Flg. 10. In other
words, the display position of the character C in the display
unit 15 corresponds to the actual two-dimensional position of the
player as shown in Fig. 10. Thus, by adequately setting the
parameters, the sounds will be produced from the actual position
corresponding to the display position of the character C.
Incidentally, the memory area of the coordinate/sound-image-
position coefficient conversion memory 16 is set larger than the
display area of the display unit 1S. In this case, the proper
channel number CH and some of the coefficients CM1-CM12 are
memorized such that even if the character C is located at the
coordinates of which position cannot be displayed by the display
unit 15, the sounds are produced from the actual position
corresponding to the coordinates of the character C. Moreover,
the display position of the character C is controlled to be
automatically changed in response to the progress of the game on
the basis of the game programs stored i; the program'memory 12,
or it is controlled to be changed in response to the manual
operation applied to the controller 10. ! )

Next, the sound source 17 has plural channels, used for the
generation of the sounds, which-are respectively operated in a
time-division manner. Thus, in response to the instruction given
from the control portion 11, each channel produces a musical tone
waveform signal. Such musical tone waveform signal is delivered
to the predetermined one or some of'eight-channels Ch10-Chl7 of
the sound-image position control apparatus 1. Particularly. the
musical tone waveform signal regarding to the charactér C 1is
delivered to certain channel Ch which is designated by the.
foregoing output channel number CH. As described before, this



The gane device 21 is designed such that even in the sane duel scene of the
Western, -every tine the position of the eneny is ghanged,
scene-identification signal SCS (having a new bi ng

i's produced and outputted to the sound-imge posi

.as.."1010")

x siipat us 22
I'n other words, the change of the position of the¢ ¢neny is ag the
change of the scene. Thus, the virtual speakers wfl D2 jia§ inin
response to the new scene. Ot her- than the pbpve- nenti ¢ Mést ern

gane, the gane device

sound-image position control apparatus 1 has the electrond
configuration as shown in Fig. 1(A), wherein the predetermined
coefficients CM1-CM12 are respectively applied to the multipliers
ML-M12 so as to control the sound-image position of each channel
Ch when producing the sounds. from the speakers SP(L). SP(R).

According to the electronic configurations as described
heretofore, when the power 1s applied to the game device 9, the
'conﬁrol portion 11 is activated to execute the programs stored in
.the program memory 12 so ‘as to progress the game. In response to
the progress of the game, one of the background images BGlL, BGZ,
BG3 is selectively read from the visual image information memory
14 so that the selected béckgroﬁnd image 1is d;splayed on the
display screen of the display unit 15. Similarly, one of the
character images Cl1, C2, C3 is selectively read out so that the
selected character image is displayed in the display unit 1S.
Meanwhile, the control portion 11 gives an instruction toc the
sound source 17 so as to produce the musical tone waveform
signals corréspohding to the background music in respon?e to the
hrogress of the game. In addition. the control portion 11l also
instructs the sound source 17 to produce the other musical tome
waveform signals having the musical tome characteristics (such as
the tone color, tonme pitch, sound effects, etc.) corresponding to
the character C. Moreover, the control port;on 11 reads out the
" output channel number CH and coefficient CM (i{e.. ocne or some of
. CM1-CM12) from the memory area of the coordinate/sound-image-
position coefficient conversion memory 16 corresponding to the
display position of the character C in the display unit 15, and
then the read datd are supplied to the sound source 17 and sound-
image position concrol'apparatus 1 respectively. In this case,
the sound source 17 produces the musical tone waveform signal
corresponding to the character C, and this musical tome waveform
signal is outputted to the sound-image position control apparatus
1 from the channel Ch which is designated by the output channel
number CH. The other musical tone waveform signals are also
outputted to the sound-image position control apparatus 1 from



21 can al so play the autonobile race gane. Herein, the gane device 21
out puts a new scene-identification signal

SCs (havigg"awbhnggﬁjialue such
as "0010"), by which the control portion 31 re Byﬂﬁ’)ﬂﬁbb_ B¢l ent - data
respectively corresponding to the right/front- ol Spedker and
ri ght/back-side virtual speaker. These coefficile dat a ar egpactivel y
supplied to the sound-directional devices 33, 3¢.\|I rﬁiﬂ@ @gée, t

e
foregoing signals M.. MR represent the Mhekgrouhdjnusi

ehgi ne
sounds of the autonobile to be driven by the player 41. Further. §he
foregoi ng signal EFS represents the engi ne sounds

the correspoﬁding channels respectively. In the sound-image
ﬁosition control apparatus 1. each of the coefficients CM read
from the coordinate/sound-image-gcsition coefficient cqgversion
memory 16 Ls supplied to each of the multipliers M1-M12. Thus,
the sound-image position of each chamnnel 1is controlled to be
fixed respomsive to the coefficlient CM, and consequently, the
musical sounds are produced from the speakers SP(L).. SP(R) at the
fixed sound-image positions.

When the player P intentionally operates the controller 10
to move the character C, the control portion 11l is operated so
that the display position of the character C displayed in the
display unit 15 is moved by the distance corresponding to the
manual operation applied to the controller 10. In this case, new
output channel number CH and coefficient CM are read from the
memory area of the coordinate/sound-image-position coe?ficient
conversion memory 16 corresponding to the new display position of
.the character C, and consequéntl&. these data are supplied to the
sound source 17 and sound-image position control apparatus 1
respectively. Thus, the actual sound-image position is also
moved responsive to the movement of the character C.

. , .

According to the present embodiment, when -the character C
.repfesenting the visual image of the air plane is located outside
of the display area of the display unit 15 and such character C
is moved closer to the player P from his back, the character C 1is
not actually displayed on the display screen of the display unit |
15. However, since the foregoing coordinate/sound-Lmage—position
coefficient conversion memory 16 has the memory area which is
larger than the display area of the display unit 15, the sounds
corresponding to the character C are agtually produced such that
the sounds are coming c¢loser to the player P from his back. As a
result, the player P can recognize the exisﬁencg and movement of
the air plane of which visual image is not actually displayed.
This can offer a brand-new live-audio effect wh;c? cannot be.
obtained from the conventional game device systgmf



ot her autonobiles which will be running in the race field as the displayed
I'mages. On the basis of the foregoing operation r@_nnlng si gna

PS is conmputed and renewed in response to the _ Vet hi p between
the player's autonobile and the other autonobillesf ' ' 1 onobile is
running faster than the player's autonobile so {tHat bile wll

get ahead of the player's autonobile, tiF val u o &g's'gnal PS is
controlled to be gradually increased ~“*~

Incidentally., the present embodiment is designed to manage
the movement of the_character C in the two-dimensional coordinate
system. Of course, the present invention is not limited to it,
so that the present embodiment can be modified to manage the
movement of the character C in the three-dimensional coordinate
system. In such modification, number of the actual speakers are

. increased, and they are arranged in the three-dimensional space.

In the present embodiment, the X/Y coordinates of the
display unit 1S5 are set corresponding to those of the actual two-
dimensional area. However, this embodiment can also modified to

~simulate the game of the automobile race. In this case. only the
character C which is displayed in front of the player P is
displayed in the display unit 15 by matching the visual range of
the player P with the display area of the display unit 1S.

(D] Fourth Embodiment

Next, the description will-be given with respect to the
fourth embodiment of the presenf invention, wherein the sound-
image position control apparatus is modified to be applied to the
movie system, video game device (or television game device) or
so-called CD-I system in which the sound-image position is
. controlled resgonsive to the video image.

14

Before describing the fourth embodiment in detail in
conjunction with Figs. 11 to 13, the description will be given
with respect to the background of the fourth embodiment by
referring to Figs. 14 and 1S.

First of all, the so-called binaural technique is known as
the technique which controls and fixes the sound-image position
in the three-dimensional space.' According to the known
technique, the sounds are recorded by use of the microphones
which are located within the ears of the foregoing dummy head., so
that the recorded sounds are reproduced by use of the headphone
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set so as to recognize the sound-image position which 1s fixed at
the predetermined position in the three-dimensional space. _
Recently, some attempts are made to simulate the tone area which
is formed in accordance with the shape of the dummy head. In
other words, by simulating the transfer function of the sounds
ﬁhich are transmitted in the three-dimensional space by use of
the digital signal processing technique, the sound- image position

is controlled to be fixed in the three-dimensional space.

The coordinate system of the above-mentioned three
dimensional space can be defirned by use of the 1llustration of _
Fig. 14.  In Fig. 14, "r" designates a distance from the origin

- "0"; ¢ designates an azimuth angle with respect to the

horizontal direction which starts from the origin "0"; a'
designates an elevation angle with respect to the horizontal area

.containing the origin "0", thus, the three-dimensional space can -

be defined by the polar coordinates in the space. When locating

. the listener or dummy head at the origin 0. its front direction
- can be defined as ¢ =0, whereas.its left-side direction is

defined by ¢ >0 and its right-side direction is defined by ¢ <O.
In addition, the upper direction is defined by & >O0.

As 2 model which controls and fixes the sound-image position
in the three-dimensional space by use of the d}gital,signal
processing technique, the dummy head is located at the origin O
and then the impulse éignal is produced from the predetermined
point A, for example. Then, the responding sounds corresponding
to the impulse signal are sensed by the microphones which are

"respectively located within the ears of the dummy head. These

sensed sounds are converted into the digital signals which are

. recorded by some recording medium. These digital signals

represent two impulse-response data respectively corresponding to
the sounds picked up by the left-side and right-side ears of the

-dummy head. These two impulse-response data are converted into

the coefficients, by which two finite-impulse response digital
filters (hereinafter, simply referred to as FIR filters) are



from"0" to "1". Thus, in response to the scene In which another autonobile

gets ahead of the player's autonpbile. the sou : or—of t he
engi ne sound of another autonobile is controll ¢ QBN { moved
ahead. As described above. the fourth enodt ; efl to the

gane device. However, it-is possible to nodify
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‘respectively given. In this case, the audlo signal of which
sound-image position is not fixed is delivered to two FIR
f£ilters, through which two digital outputs are obtained as the
left/right audio signals. These left/right audio signals are _
applied to left/right inputs of the headphone set, so that the
~ listener can hear the stereophonic sounds from this headphone set

- as if those sounds are produced from the point A. By changing
this point A and measuring the impulse response, it is possible
to obtaln the other coefficients for the FIR filters. In other
words, by locating the point A at the desirable position, 1t 1is
possible to obtain the cocefficients for the FIR fllters, by which
the sound-image position can be fixed at the desirable position.
 The above-mentioned technfque offers an effect by which the
‘three-dimensional sound-image position is determined by use of
the sound-reproductién_system of the headphone set. The same
efféct can be embodied by use of the so-called two-speaker sound-
reproduction system in which two speakers are located at the
predetermined front positions of the listener, which is called a
cross-talk canceling technique.

According to the cross-talk canceling technique, the sounds
are reproduced as if they are produced from certain position
(L.e., position of the foregoing virtual speaker) at which the
actual speaker is not locatéd. Herein, two FIR filters are
required when locating one virtual speaker, heéeinafter. a set of
two FIR filters will be called as a sound-directional device.

Fig. 15 is a block diagram showing an example of the
virtual-speaker circuitry which employs the above-mentioned
‘sound-directional device. In Fig. 15, 102-104 designate sound-
directional devices, each of which contains two FIR filters.

This drawing only illustrates three sound-directional devices
102-104, however, there are actually provided several hundreds of
the sound-directional devices. Thus, it is possible to locate
hundreds of virtual speakers in a close-tight manner with respect
to all of the directions of the polar-coordinate system. These



enbodi ment such that the sound-inage pcsition con Re
response to the video scene played by the video djs
possible to apply the present enbodi nent to the
t he foregoing scene- identification signal SCS an Y51
recorded at the sub-code track provided for the dL.o signal.”
Further, the present enbodi nent uses t sound- dijr ecti onat=te
however, it is possible to nodify the %2%§ent entledi.nx

four sound-directional devices are provided to

virtual speakers are not merely arranged along with a spherical
surface with respect to the same distance r, but they are also
#rranged in a perspective manner with respect to different
distances r. A selector 101 selectively delivers the input
signal to one of the sound-directional devices such that the
sounds will be produced from the predetermined one of the virtual
speakers, thus controlling and fixing the sound-image position in
the three-dimensional space. Incidentally, adders 105, 106
output their addition results as the left/right audic outputs
respectively. ' :

The above-méntioned example can be modified such that one
sound—dichtional device is not fixed corresponding to one
direction of producing the sound. In other words, by changing
the coefficients of the FIR. filters contained in one sound-
directional device, it is possible to move the sound-image
position by use of only one sound-directional device.

In the meantiﬁe. some movie theater employs so-called
‘surround acoustic technique which uses four or more speakers.
Therefore, the sounds are produséd from one or some speakers in
response to the video image.

When embodying such surround acoustic technique by use of
the former virtual-speaker systéﬁ providing hundreds of sound-
directional devices, it is necessary to pfovide hundreds of FIR
filters, which enlarges the scale of the system so that the cost
of the system will be eventually raised up. Even in the case of
the latter system which provides only one sound-directional
device, it 1s necessary to provide hundreds of coefficients used
for the FIR filter, which is not realistic. Because, it is very
difficult to control or change so many number of coefficients in
a real-time manner. Further, when embodying the foregoing
surround acoustic technique in the movie theater, 1t is necessary
to provide a plenty of amplifiers and speakers, which eventually
raises the cost of the facilities.
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nmust be performed on the panning signal PS. However, it is not

necessary to provide hundreds of sound- direction devices, or it is not

necessary to sinultaneously change hundreds of co T
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For exanple, the so-called notch

(a) Configuration of Fourth Embodiment

Next. the detalled description will be given with respect to
the fourth embodiment of the present invention. Fig. 11 is a
block diagram showing the whole configuration of the video game
system. Hereiln, a game device 21 is designed to produce a video
signal VS, a left-side musical tone signal ML, a right-side
musical tone signal MR, a sound effect signal EFS a panning
signal PS and a scene-identification signal SCS. When receiving
the sound effect signal EFS. panning signal PS and scene-
identification signal SCS, a sound-image position control
apparatus 22 imparts the fixed sound image to the sound effect
signal EFS, thus producing two signals EFSL, EFSR. Then, an
adder 25 adds the signals EFSR and MR together, while an adder 28
adds the signals EFSL and ML together. The results of the
additions respectively performed by the adders 25, 26 are
supplied to an amplifier 24. The amplifier 24 amplifies these
signals so as to respectively output the amplified signals to
left/right loud-speakers (represented by 43, 44 in Fig. 13) In .

the meantime, the video signal VS is supplied to a vidéo device

23, so that the video image is displayed for the person

The game device 21 is configured as the known video game
device which 1is designed such that responsive to the manipulation
of the player of the game, the scene displaxed,responsive to the
video signal VS is changed or the position of the character image
is moved. During the game, the musical tone signals ML, MR are

.outputted so as to playback the background music. In addition,

to this background music, the other sounds are also produced.
For example. the sounds corresponding to the character image
which is moved responsive to the manipulation of the player., or
the other sounds corresponding to the other character images
which are automatically moved under control of the control unit
built in the game device 21 are produced by the sound effect
signal EFS. In case of the game of the automobile race, the
engine'sounds of the automobiles are automatically produced.



filter is useful when fixing the sound-inmage position with respect to the
el evation-angle direction. Further. it is also known that the band-pass
filter controlling the specific frequency-band is useful when controlling
t he sound-image position with respect to the frontlhack direction. en
embodyi ng such filter by use of the IR filters. {REPFAKENGN gHggqu t he
sound-i nage position may be reduced as conpared t tefp . |
However, the IIR filter has a sinple codd+guratio S ared tojthe FIR
filter. so that the nunber - f&%ﬂ% i
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The scene-identification signal SCS is used for determining

the positioh of the virtual speaker in accordance with the scene.
" Every time the scene 1is changed, this scene-identification signal
. 8CS 1s produced as the information representing the changed
scene. Such scene-identification signal SCS is stored in advance
within a memory unit (not shown) which is bullt in the game
device 21. More specifically, this signal 1Is stored at the
predetermined area adjacent to the area storing the data
representing the background image with respect to each scene of
the game. Thus, when the scene 1s changed, this signal is
‘simultaneously read out.

On the other hand., the panning signal PS represents certain
position which is located between two virtual speakers. By
varying the value of this panning signal PS between "0" and "1V,
it is possible to freely change the sound-image position
corresﬁonding to the sound produced responsiye to the sound
effect signal EFS between two virtual speakers. In the present
embodiment, the programs of the game cogtain the operation
routine for the panning signal PS, by which the panning signal PS
is computed on the basis of the scene-identif%cation_si;nal SCs
and the displayed position of the character image corresponding
to the sound effect sigmal EFS. Of course, such computation of
the panning signal PS can be omitted, so that in response to the
position of the character, the game device 21 automatically reads
out the panning signal PS which is stored in advance in the
memory unit. Incidentally, the present embodiment is designed
such that two virtual speakers are emerged, which will De
described later in detail.

Fig. 12 1s a block diagram showing an internal confizuratiop
of the sound-image position control apparatus 22. Herein, a
control portion 31 is configured as the central processing unit
(L.e.. CPU). which performs the overall coantrol om this apparatus
22. This control portion 31 receives the foregoing scene-
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‘{denclficacion signal SCS and panniog sigmal PS. A coefflcient

memory 32 stores the coefficleacs of the FIR filters. As
described before. the impulse response 1s measured wich respect
to the virtual speaker which Ls located at the desirable
position., so that the above-mentioned coefficlents are determined
on the basis of the result of the measurement. In order to
locate the virtual speaker at the optimum position corresponding
to the scene of the game, the coefficlients for the FIR filters
are computed in advance with respect to several positions of the

_ wvirtual speaker, and cdnsequenclr. these coefficients are stored
* at the addresses of the memory unit corresponding to the scene-

ideatification signal SCS. As described before, each of sound-
directional devices 33. 34 is configured by two FIR filters. The
coefficient applied to the FIR filter can be changed by the
coefficient data given from the control pertiocn 31.

In response to the scene-identification signal SCS. the
control portion 1l reads out the coefficient data, respectively
ccrreqpondinz to the virtual speakers L. R. from the coefficient
memory 32, and consequently, the read coefficient data are
respectively supplied to the scund-dire;#ional devices 33, 34.
When receiving the coefficients, each of the sound-directional
devices 33, 34 performs the predetermined signal processing on
the input signal of the FIR filters, thus locating the virtual
speaker at the optimum position corresponding to the scene-
identification signal SCS.

The sound effect signal EFS is allocated to the sound-
directional devices 33. 34 via multipliers 35. 36 respectively.
These multipliers 35, 36 also recelve the multiplication
coefficlents respectively corresponding to the values “PS”, "1l-
PS" from the concrol portion. EHereln. the value "PS” represencs
the value of the panning signal PS, while the value "1-PS”
represents the one's complement of the paﬁnlnt signal PS. The
outputs of flrst FIR filcers Lo the sound-directional devices 33.
34 are added together by an adder 37. while the other outputs of
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i nvention may be practiced or enbodied in still ot —
~departing fromthe character as defined by the ap Gﬂhﬂmﬂ§§ IEHgr ef or e,

the preferred enbodi nents descri bed herein are i | | YSfratrveamnd it
restrictive, the scope of the invention_bein
P “2g- awuw%l

*

second FIR fllters ln the sound-directional devices 33, 34 are
added togecther by another adder 38. Therefore, these adders 37,
38 output thefir addition results as signals for the speakers 43,
44 respectively. These signals-are supplied to a cro;s-talk
canceler 39.

The cross-talk canceler 39 is provided to cancel the cross-
talk component included in the sounds. For example, the cross-
talk phenomenon must be ‘occurred when producing the sounds from
the speakers 43, 44 in Fig. 13. Due to this cross-talk
phenomenon, the sound component produced from the left-side
speaker affects the sound which-is produced from the right-side
speaker for the right ear of the listener, while the sound
component produced from the right-side speaker affects the sound
which is produced from the left-side speaker for the left ear of
the listener. Thus. in order to cancel the above-mentioned
cross-talk components, the cross-talk canceler 39 performs the
convolution process by use of the'phase-inverted signal having
the phase which is inverse to that of the cross-talk component.
Under operation of this cross-talk canceler 39, the outputs of
the sound-directional device 33 are converted into the sounds
which are roughly heard by the left ear only from the left—side
speaker, while the outputs of the sound-directional device 34 are
converted into the sounds which are roughly heard by the right’
ear only from the right-side speaker. Such sound allocation can
roughly embody the situation in which the listener hears the
sounds by use of the headphone set.

Meanwhile, the cross-talk canceler 39 receives a cross-talk
bypass signal BP from the control portion 31. This cross-talk
bypass signal BP is automatically produced by the control portion
31 when inserting the headphone plug into the headphone jack (mot
shown). When the headphone plug is mot inserted, the cross-talk

. bypass slgnal BP Ls turned off, so that the sounds are- reproduced
from two speakers while canceling the cross- -talk components as
described before. On the other hand, when the headphone plug is
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inserted, the cross-talk canceling operation is omitted, so that
the signals are suppllied to the headphone set from which the

sounds are reproduced.

Next, the description will be given with respect to the
‘method how to control and fix the sound-image position by the
‘panning signal PS. When the value of the panning signal PS 1s
equal to zero, the foregoing sound effect signal EFS is supplied
to the sound-directional device 34 only. Thus., the sound-image
position is fixed at the position of the virtual speaker (i.e.,
position of the speaker 45 in Fig. 13) which 1is located by the
sound-directional device 34. On the other hand, when the value
of the panning signal PS js at "1", the sound effect signal EFS
is supplied to the sound-directional device 33 only, and
consequently. the sound-image position 1s fixed at the position
of the virtual speaker (1.e.. position of 2 speaker 46) which is
located by the sound-directional device 33. When the value of
the panning signal PS is set at a point between "0" and "1", the
sound-image position is fixed at an interior-division point
corresponding to the panning signal PS between the virtual

~ speakers 4S5, 48.

(b) Operation of Fourth Embodiment
Next, description will be given with respect to the
operation of the fourth embodiment by referring to Fig. 13. In
Fig. 13, a player 41 is positioned at the center, whereas the
left-side speaker 43 is 1ocated at the left/front-side position
from the player 41 which is defined by ¢ =45 , @ =Q° , r=1. Sm.'
while the right- -side speaker 44 is located at the right/front-
side position from the player 41 which is defined by ¢ ==45° ,
8 =0° , r=1.5n. In front of the player 41, there 1is located a
- display screen 42 of the video device 23. In the present
embodiment, this display screen 42 has a flat-plate-like shape,
however, it is possible to form this screen by the curved surface
which surrounds the player 4l. '
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For example, the player 41 plays the game and the duel scene
of the Western is displayed. In this case, the game device 21
outputs the scene-identification signal SCS to .the conctrol
portion 31 1n the sound-image position control apparatus 22,
wherein this scene-identification signal SCS has the
predetermined scene-identifying value, e.g.. four-bit data
“0111" Then, the control portion 31 reads out coefficient data
CL, corresponding to the scene-identification signal SCS. from

'the coefficient memory 32, wherein this coefficient data CL

represents the coefficilent for the FIR filter which corresponds

"to the position of the left- -side virtual speaker 45 (defined by

$ =85° , 8 =0° , r=3.5m). This coefficient data CL is supplied
to the sound-directional device 33. In addition, the control

"portion 31 also read out another coefficient data CR representinz

the coefficient for the FIR filter which corresponds to the
position of the right/upper-side virtual speaker 46 (defined by
é =-40° , 8 =65° , r=15.0m). This coefficient data CR 1is
supplied to the sound-directional device 34. Thus, the virtual
speakers 45, 46 are located at their respective positions as

"shown in Fig. 13.

The game device 21 produces the musical tone signals ML, MR
which are sent to the speakers 43, 44 via the adders 25, 26 and
amplifier 24, whereas the music which is suitable for the duel
scene 1s reproduced, while the other background sounds such as
the wind sounds are also reproduced, regardless of the sound-
image position control. In response to a shot action of a
gunfighter which is the displayed image and plays an enemy role
for the player 41 in the gunfight game, the sound effect signal
EFS representing a gunshot sound is supplien to the sound-image
position control apparatus 22. In this case, if the value of the
panning signal PS is equal to zero, the gunshot is merely sounded
from the position of the virtual speaker R46. Such sound effect
corresponds to the scene in which the gunfighter shoots a gun by
aiming at the player 41 from the second floor of the saloon. Om
the other hand, if the value of the panning signal PS is. equal to
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=1”. the gunshot may be sounded in the scene in which the

"gunfighter is placed at the left-side position very close to the

player 41 and then the gunfighter shoots a gun at the player 41.
If the value of the panning signal PS is set at certain value
between "0° and "1°. the gunfighter is placed at certain
interior-division point on the line connected between the virtual
speakers 45, 46, and then the gunshot is soundedqd.

The game device 21 Ls designed such that even in the same
duel scene of the Western, every time the position of the enemy
is changed, new scene-identification signal SCS (having a new
binary value such as "1010") is produced and cutputted to the
sound-image position control apparatus 22. In other words, the

" change of the position of the enemy is dealt as the change of the

scene. Thus, the virtual speakers will be locéted again in

" response to the new scene.

Other than the above-ﬁentioned Western game, the game device
21 can also play the automobile race game. "Herein, the game
device 21 outputs a new scene-identification signal SCS (having a
bipary value such as "0010"), by which the control portion 31
reads out two coefficient data respectively corresponding to the
right/front-side virtual speaker and right/back-side virtual
speaker. These coefficient data are reépectively supplied to the
sound-directional devices 33, 34. In this case, the foregoing
signals ML, MR represent the background music and the engine
sounds of the automcbile to be driven by the player 41. Further,
the foregoing signal EFS represents the engine sounds of the
other‘aﬁtomobiles which will be running in the race field as the
displayed images. On the basis of the foregoing operation
routine, the panning signal PS is computed and renewed in
respoase to the position relationship between the player's
If another automobille is
running faster than the player's automobile so that another
automoblile will get ahead of the player's automcbile, the value
of the panning signal PS is controlled to be gradually increased



means processing a sound signal input thereto so that a sound
t'o the processed sound signal and generated by=gt=-tt j»ﬂg_'ﬁﬁﬁﬁﬁhe r eal
speakers is localised at a desired position, ijgifristanl -8 \ erein,
therefore, each of the plurality of virtual spg ¥
forms a virtual speaker at the desired positiol, | @zgmﬂﬂ Hfilt he
plurality of virtual speaker form ng nmeans gengr ¢ .dd ¥
| eft-side signals by processing the si-@2! inp
means (AD10-13) for mxing the right-side signgls outpui '
two of the virtual speaker form ng neans and t :”*ﬁ?BV|d|ng the n1xed
right- side signals to one of at |east two of the real speakers and for
m xing the |eft-side signals output by the at |east two of the virtual

speaker f@rLppNggReRRS~3Rd tREN.  |n response to the scene ln which another
automablle pets ahead of the plaryer's automoblle. the sound-Lmage
position of the engine sound of ancther automoblle Ls controlled

to be gradually moved ahead.

As described above, the fourth embodiment 1ls applled to the
game device. However, 1t 1is possible to modify the present
embodiment such fhat the sound-image pecsition control 1s
performed in response to the video scene played by the video disk
player. Or, it is possible to apply the present embodiment to
the CD~I'system. In this case., the foregoingz scene-
identification signal SCS and panning signal PS can be recorded
at the sub-code track provided for the audio signal.

Further, the present embodiment uses two sound-directional
devices, however, it is possible to modify the present embodiment
such that three or four sound-directicmal devices are provided to
cope .with more complicatad video scenes. In this case, the
complicated control must be performed on the ‘panning signal PS.
However, it is not necessary to provide hundreds of sound-
directional devices, or it is not necessary to simultaneously
change hundreds of coefficients for the FIR filters.

Moreover, the sound-directional device of the present
embodiment is configured by the FIR filters, however, this device
can be configured by the infinite-impulse response digital
filters (i.e., IIR filters). For example, the so-called notch
filter 1s useful when fixing the sound-image position with
respect to the elevation-angle direction. Further, it is also
known that the band-pass filter controlling the specific
frequency-band is useful when controlling the sound-image
position with respect to the front/back direction. When
embodying such filter by use of. the IIR filters, the fixing
degree of the sound-image position may be reduced as compared to
the FIR fi{lters. However, the IIR filter has a simple
configuration as compared to the FIR fllter, so that the number

gr r espondi ng

S V|rtuaIIy



providing the m xed left-side signals to the other of the at | east two of
t'he real speakers, a distributing neans (MIRLl; 35, 36) for receiving
a sound signal fromthe sound signal input neans and then distributing it
anong at |least two of the virtual speaker form ng neans at a distribution
ratio; wherein a sound, corresponding to the received sound signal,
generated by the at |least two of the real speakers is localised at a
position between at |east two virtual s3gakers, forned by the at |east two
of the virtual speaker form ng neans, in accordance with the distribution
ratio.

of the coefficients can be reduced. In short, the IIR filter is advantageous
in that controlling can be made easily. _

Lastly, this invention may be practiced or embodied in still other ways without
departing from the character as defined by the appended claims. | Therefore, the preferred
‘embodiments described herein are illustrative and not restrictive, the scope of the invention being
indicated by the appended claims and all variations which come within the meaning of the claims are

intended to be embraced therein.

REPLACEMENT SHEET
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2. ~A sound image position control apparatus according to claim1,
wherein the distribution ratio is determned in accordance with a frequency
characteristic of the sound signal.

GOGETEE]  -w- O

12 JUN 1993

CLAIM

1. A sound image position control apparatus comprising:

a sound signal input méa_ns (CH10-17) for inputting sound signals;

‘at least two real speakers (SP(L), SP(R}) for outputting output sound signals;

a plurality of virtual speaker forming means (DL10-13, KL10-13, KR10-
13) coupled to the real speakers each of the plurality of virtual speaker férming
means processing a sound signal input thereto so that a sound corresponding to the
processed sound signal and generated by at least two of the real speakers is localised at
a desired position, in listenin-g space wherein, therefore , each of the plurality of virtual speaker
forming means virtually forms a virtual speaker at the desired position, wherein each -
of the plurality of virtual speaker forming means generates right-side and left-side
signals by processing the signal input thereto;

a mixing means (AD10-13) for mixing the right-side signals output by the at
least two of the virtual speaker forming means and then providing the mixed right-
side signals to one of at least two of the real speakers and for mixing the left-side
signals output by the at least two of the virtual speaker forming means and then
providing the mixed left-side signals to the other of the at least two of the real
speakers; r o

a distributing means (MTR1 ; 35, 36) for receiving a sound signal from the
sound signal input means and then distributing it among at least two of the virtual

. speaker forming means at a distribution ratio;

wherein a sound, corresponding to the received sound signal, generated by the
at least two of the real speakers is localised at a position between at least two virtual
speakers, formed by the at least two of the virtual speaker forming means, in

accordance with the distribution ratio.

2. A sound image position control apparatus according to claim 1, wherein the
distribution ratio is determined in accordance with a frequency characteristic of the

sound signal.



-35 - 3. -The sound i mage position control

further conpri apparatus of claiml1,

means and t he @%Léﬁmégg;tss?}&;ancel lation circuit 'Mt he m xi ng
| | 2o | Ll
— -35- ' -
3.  The sound iﬁage position contral apparatus of claim 1, further comprising 2

crosstalk canceilation circuit coupled to the mixing means and the real speakers.

4. The sound image position control apparatus of claim t, wherein the sound

signal input means comprises a.-tone generator controlled by a MID! signal.

5. The sound image position control apparatus of claim 1, wherein the
distributing means includes a matrix controller containing plural multipliers and
piural adders in which a connection pattern is“changed to accommodate a change in a
signal distributing protocol.

6. A sound image position control apparatus according to claim 1, wherein each of
the virtual-speaker forming means comprises: : '

a delay circuit (DL10-13) having two delay times, the delay circuit delaying a
sound signal input thereto by each of the delay times so as to output two delayed
signals; and

an allocation rétio- applying means (KL1 0-13, KR10-13) for applying a

_ _predetermined allocation ratio to the delayed signals, thus aliocating the delayed
signals to the at least two of the real speakers as the right-side and left-side signals.

7.. A sound image position control apparatus according to claim 1, wherein the
plurality of virtual speaker forming .me'ans comprise a finite-impulse-response
digital filter. . '

8. A sound-image position control épparatus according to claim 1, wherein the
distributing means includes distribution control means which controls the
distribution rate to change a localization position of the sound between the positions of
the at least two virtual speakers.

9. A sound image pasition control apparatus according to any of the preceding
claims further comprising: :

display means (15) for displaying a visual image corresponding to a video
signal;

video signal producing means (21 in Fig. 12), included by the sound signal
input means, for producing a video signal (VS), a sound'signal (EFS)} and a scene-
identification signal (SCS), the scene-identification signal corresponding to each scene



4. The sol§m' I mage po OS Ikl OR control apparatus of claim1l, wherein the
sound si gnal Q

gk neans, oéﬂgﬁ ses a tone generator controlled by a M D
si gnal . 5. position control appar at us of claim 1,
wherein the di stincludes a matrix comtrotier contai ning
plural multiplijers and plura

changed 10 afc ahof in a s\ gnal i o ??EﬂﬁmﬂﬂFHIIﬂimﬂl|llﬂﬂl

The spund [

of a display image on the display means; and

contral means (31) for controlling at least two of the virtual speaker forming
means (33, 34) in accordance with the scene-identification signal so that positions of
at least two of the virtual speakers are controlled in response to the scene-
identification signal.

10. A sound image position control apparatu's according to claim 8, wherein the
video signal producing.means (21) alse produces a panning signal (PS) corresponding '
to the distribution ratio, and then the control means controls the distributing means
(38, 36) in accordance with the pannirig éignal so that a position of the sound signal
localized between the at least two of the virtual speakers is moved in response to the
panning signal.

11. A sound -image pasition control apparatus according to anyone of claims 1
through 8 further comprising: '

a display means (15) for displaying a predetermined animated image on a

dispiay screen thereof, said animated image corresponding to the sound to be virtually
produced by the at least two virtual speakers, wherein a display positicr of said
animated image corresponds to a pasition of a sound 1o be localized by the at least two
virtual speakers_ so that the position of the sound to be localized corresponding to said
animated image is moved in accordance with a movement of said animated image on the
display screen of said display means. )
12. A sound-image position control apparatus as defined in claim 9 whersgin said
virtual speaker forming means includes at least two virtual-speaker pasition control
means (33, 34) which respectively perform predetermined signal' processings
corresponding to said scene -identification signal on said audio signal so as to form at
least two virtual speakers by which the sound image correspor'ldingl to said audio signal.
is formed. '

13. A sound-image position contral apparatus as defined in claim 12 wherein an
audio/video information producing means is provided producing a panning signal (PS)
by which the sound image position is located at a certain interiar-division paint in
finear space connected between said virtual speakers.



6. A sound i mage position control apparatus according to claiml1,
wherei n each of the virtual -speaker form ng neans conpri ses: a
delay circuit (DL10-13) having two delay tines, the delay circuit delaying
a sound signal input thereto by each of the delay times so as to output
two del ayed signals; and an allocation ratio applying neans
(KL10-13, KR10-13) for applying a predetermned allocation ratio to the
del ayed signals, thus allocating the de¥hyed signals to the at |east two
of the real speakers as the right-side and |eft-side signals.

SOUND-IMAGE POSITION CONTROL APPARATUS

ABSTRACT

In order to obtaln a sound-broadened image .and a clear
sound-image discrimination image when producing plural kinds of
sounds, the electronic musical instrument and the like provides a
sound-image position control apparatus. This apparatus at least
provides a signal mixing portion (e.g., matrix controller: MTR1)

--and a wvirtual-speaker position control portion (DL10-DL13, KLi0-
KL13, KR10-KR13, AD10-AD13). Herein, the signal mixing portion
mixes plural audio signéls supplied from a sound source (17) and
the like in accordance with a predetermined signal mixing
procedure so as to output plural mixed signals. In order to
control positions of virtual speakers (VS10-VS13) which are
emerged as sound-producing points as if each kind of sounds is
produced from each of these points, the virtual-speaker position
‘control portion applies different delay times to each of plural
mixed signals so as to output delayed signals as right-side and
left-side audio signals to be respectively supplied to right-side
and left-side speakers (SP(R). SP(L)).. Thus, the sound-image
positions formed by the virtual speakers are controlled well, so
that the person can clearly discriminate and recognize each of
the sound-image positions. When applying this apparatus to the
game device providing a display unit which displays an animated
image representing a visual image of the air plane and the like,
by adequately controllihg the sound-image position, it is
possible to obtain a brand-new live-audio effect, by which the
point of producing the sounds corresponding to the animated image
can be moved in accordance with the movement of the animated
image which is moved by the player of the game.

. FIGURE 1A REPLACEMENT SHEET

12 JUN 1992




7. - A sound i mage position control apparatus according to claim1,
wherein the plurality of virtual speaker form ng means conprise a

finite-inpul se-response digital filter. 8. A sound-i mage position
control apparatus according to claim1, wherein the
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9. A sound i mage position control apparatus according to any of the
preceding clains further conprising: di spl ay neans (15) for

di spl aying a visual inmage corresponding to a video si gnal ; vi deo
signal producing nmeans (21 in Fig. 12), included by the sound signal

I-nput means, for producing a video signal (VS), a sound signal (EFS) and a

scene- i dentification signal (SCS), the scene-identification.signal
corresponding to each scene 72- REPLAC -h’ﬁﬁﬁﬁi
gl 12 3UN 1998 | |
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of a display inmage on the display neans; and control neans (31) for
controlling at least two of the virtual speaker formng neans (33, 34) in
accordance with the scene-identification signal so that positions of at

| east two of the virtual speakers are controlled in res : SRGEEs
i-dentification signal. p%ﬁ,}f(ﬁiﬁ}?ﬁ; %ﬁﬁ
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10. A sound image position control apparatus according to claim9, wherein
t he

vi deo signal producing neans (21) also produces a panning signal (PS)
corresponding to the distribution ratio, and then

controls the distributing nmeans (35, 36) in accor dii
signal so that a position of the sound signal
| east two of the virtual speakers is noved in respd
si gnal . 11. A sound inmage position-8&entrol appj
!
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a display neans (15) for displaying a predeterm ned ani mated i nage on a

di spl ay screen thereof, said ani mated i mage corresponding to the sound to
be virtually produced by the at |east two virtual speakers, wherein a

di splay position of said aninmated i mage corresponds to a position of a
sound to be localized by the at |east two virtual speakers so that the
position of the sound to be | ocalized correspondi ng ti@ms: |._9$F%_ij.lmt—e-d—»-i-nage
is noved in accordance with a novenent-gf- sai d ani matjddikakadaai] S T,

di spl ay screen of said display neans. 1 2. A sound-ijmage positiomng j
control ap@ratus as defined in claim9 wherein saidj TI;QJMNW "
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virtual speaker form ng neans includes at |east two virtual - speaker

position control neans (33, 34) which respectively perform vur”tern1ned
si gnal proce55|ngs corresponding to said scene ol i z

said audio signal so as to format |east two vi
sound i mage corresponding to said audio signal i
sound-i mage position control apparatus as defln-

interior-division point in
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FIG.O (MEMORY MAP OF MEMORY 16)
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speakers.

| i near space connected between said virtual
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