
EP 0 264 782 B1 Description                                          of a
musical tone generating apparatus employ- ing the motion detector shown in
Fig. 3; The present invention generally relates to a mu-  Fig. 6 is a block
diagram showing an embodiment sical tone control apparatus using a
detector, and   of a musical tone generating apparatus employ- more
particularly to a musical tone control apparatus   5  ing an angular
velocity detector according to the which controls a musical tone in
response to a move-  present Invention; ment of a player and the like
detected by a detector.  Fig. 7 shows an appearance of a player who is
Conventionally, musical tones are generated by    mounted by the angular
velocity detector shown playing a natural musical instrument (such as a
violin,  In Fig. 6; a piano, an organ and a bass drum) and an electronic
10  Fig. 8 shows another appearance of a player who musical Instrument and
the like. In such musical in-  is mounted by a modified embodiment of the
an- struments, a tone pitch and a tone color of the gen-  gular velocity
detector according to the present erating musical tone Is controlled by
touching or de-  invention; pressing keys, strings or pedals by use of
hands or  Fig. 9 is a perspective view showing an appear- feet of the
player.                          15      ance of an embodiment of an angle
sensor 301 UK-A-2 071 389 discloses an automatic perform-    according to
the present invention; ing apparatus having a baton and a memory. Tone
Fig. 10 is a partially cutaway view in perspective data used for automatic
performance are stored in the  of the angle sensor 301; memory. When the
baton Is swung, the "tempo clock     Fig. 11 is asectional viewofthe
anglesensor 301; signal" is controlled based on the variation of the  20
Fig. 12 Is a perspective view showing detectors movement of the baton. The
tone data are sequential-  304 arranged In the inside of the angle sensor
ly read out from the memory in synchronization with  301; the tempo clock
signal which is controlled as above.  Fig. 13 is a circuit diagram showing
an electric In this manner, the speed of the automatic perfor-
constitution of the detector 304; mance is controlled based on the swing
operation of  25  Fig. 14 is a block diagram showing an embodi- the baton.
ment of an electronic musical instrument employ- It is a primary object of
the invention to provide a  ing the angle sensor 301; musical tone control
apparatus which controls the    Fig. 15 is a sectional view showing a
modified musical tones based on the movement of the player    embodiment of
the angle sensor according to the such as the swing angle or the swing
speed of the   30  present invention; player's hand.
Fig. 18 isa block diagram showing a firstembodi- it is another object of
the invention to provide an  ment of a musical tone generating apparatus
ac- apparatus which generates artificial musical tones   cording to the
present invention; corresponding to natural tones generated bythe play-
Fig. 17 shows an appearance of a drum stick er.
35      used in the musical tone generating apparatus It is further object
of the invention to provide a de-  shown in Fig. 16; tector which detects
the movement of the player and  Figs. 18(a) to 18(f) show waveforms at
several an impulse given to the player's hand and the like.  points within
the musical tone generating appa- These objects are achieved by a musical
tone     ratus shown in Fig. 16; control apparatus according to claim 1 and
claim 21.  40  Fig. 19 shows a waveform for explaining a detect-
Furtherobjects and advantages of the present in-  ing principle in an
acceleration increasing period; vention will be apparent from the following
descrip-  Figs. 20A and 20B are flowcharts for explaining tion, reference
being had to the accompanying draw-  operations of a musical tone
processing circuit ings wherein preferred embodiments of the present    460
shown in Fig. 16; invention are clearly shown.                  45
Fig. 21 shows a waveform for explaining a musl- In the drawings:
cal tone control of the musical tone processing Fig. 1 is a circuit diagram
showing an embodi-    circuit 460; ment of a musical tone generating
apparatus em-   Figs. 22A and 22B respectively show examples of ploying an
impulse detector according to the      playing states of a player, present
invention;                        50      Fig. 23 shows an example of
appearance of the Figs. 2(a) to 2(i) show waveforms at several      player
who is mounted with the musical tone gen- points in the impulse detector
shown in Fig. 1;   erating apparatus using the angle sensor. Fig. 3 Is a
circuit diagram showing an embodi-    Fig. 24 Is a perspective view showing
an example ment of a motion detector according to the pres-  of a
mechanical constitution of the angle sensor; ent invention;
55      Fig. 25 shows an appearance of the angle sensor Figs. 4(a) to 4(f)
show waveforms at several     which Is mounted at a players elbow; points
within the motion detector shown in Fig. 3;  Fig. 26 shows another example
of appearance of Fig. 5 is a block diagram showing an embodiment   the
player who is mounted with a modified musi- 2    



3                   EP 0 264 782 B1                4 cal tone generating
apparatus using another an-  of a comparator 15. Similarto the resistor 12,
one ter- gle sensor,                                     minal of a
resistor 16 having a resistance of R2 (Ohm) Fig. 27 is a perspective view
of a still another an-  is connected to the output terminal of the
acceleration gle sensor which is mounted in a glove;         sensor 11, and
another terminal of the resistor 16 Is Fig. 28 is a sectional view showing
the angle sen-   5   grounded via a capacitor 17 having a capacitance of
sor shown in Fig. 27 which is mounted at a finger  C2. These resistor 16
and capacitor 17 constitute a tip portion of the glove;
lowpass filter 18 having a time constant of [err] (sec- Referring now to
the drawings, wherein like ref-  onds). In the present embodiment, the time
constant erence characters designate like or corresponding   [err] is set
approximately ten times of the time con- parts throughout the several
views.           10  stant [err] More concretely, the time constant [err]
is The present Invention relates to a musical tone  set equal to 0.5
mill-second and the time constant control apparatus which controls the
musical tones  [err] Is set equal to 50 micro-seconds. based on the
movement of the object such as a play-    The connection point between the
resistor 16 and er's hand and the like. This movement of the players  the
capacitor 17 is connected to an anode of a diode hand, such as a moving
speed, a moving force or a   15  19, and an inverting input terminal (-) of
the compar- moving angle of the object, must be detected by a de-  ator 15
Is connected to a cathode of the diode 19. tector. Hence, first description
will be given with re-  Similarto the diode 19, a cathode of a diode 20 is
con- spect to [1] DETECTOR, and next description will be  nected to the
inverting input terminal of the compar- given with respect to [II] MUSICAL
TONE GENERAT-     ator 15. One terminal of a resistor 21 is connected to
ING APPARATUS.                                 20  an anode of the diode
20, hence, the diode 20 and the resistor 21 constitutes a serial circuit
which supplies [II] DETECTOR                                        a
reference voltage [err] to the Inverting Input terminal of the comparator
15. The detector according to the present invention    One terminal ofa
capacitor 24 Is connected to the can be classified into an impulse
detector, a motion   25  output terminal of the acceleration sensor 11, and
an- detector, an angular velocity detector and an angle  other terminal of
the capacitor 24 is connected to an sensor. Hence, description will be
given with respect  Input terminal of an amplifier25 which is grounded via
to these detectors and the sensor sequentially.     a resistor 26. The
resistor 26 and the capacitor 24 constitute a highpass filter 27. (1)
IMPULSE DETECTOR                           30      One terminal of a
resistor 28 is connected to the output terminal of the amplifier 25, and
another ter- Fig. 1 shows a circuit constitution of an embodi-  minal of
the resistor 28 is connected to a non-invert- ment of the musical tone
generating apparatus em-   ing input terminal (+) of a comparator 29. In
addition, ploying the impulse detector according to the present  one
terminal of a resistor 30 having a resistance of [err] invention. In Fig.
1, 11 designates an acceleration   35  (which is provided at an inverting
input terminal (-) sensor which has a vibrator made of an organic ma-  side
of the comparator 29) Is connected to the output terial or an inorganic
material having piezoelectric  terminal of the amplifier 25. Another
terminal of the characteristics. As such organic material, a piezo-
resistor30 is connected to an anode of a diode 31 and plastic and the like
are used. As such inorganic ma-  is also grounded via a capacitor 32 having
a capaci- terial, a crystal, a Rochelle salt, a barium titanate and   40
tance of [err] The resistor 30 and the capacitor 32 con- the like are used.
In the present embodiment, the pie-  stitute a lowpass f liter 32 having a
time constant of zoplastic is used as an organic vibrator, the circumfer-
[err]. Acathode of diode 31 is connected to the invert- ence of which is
fixed so that the vibrator has a dia-  ing input terminal of the comparator
29. Similar to the phragm structure.
diode 31, a cathode of diode 34 is connected to the The above-mentioned
acceleration sensor 11  45  inverting input terminal of the comparator 29,
where- converts the acceleration into the voltage signal,  as an anode of
diode 34 is connected to one terminal hence, the acceleration sensor 11
generates and out-  of a resistor 35. The diode 34 and the resistor 35 con-
puts an output voltage [err] as shown in Fig. 2(a). Next,  stitute a serial
circuit which supplies a reference vol- 12 in Fig. 1 designates a resistor
having a resistance  tage [err] to the inverting Input terminal of the
compar- of [err] (Ohm), and one terminal of the resistor 12 is con-  50
ator 29. nected to an output terminal of the acceleration sen-  Meanwhile,
22 designates an AND gate having sor 11. In addition, 13 designates a
capacitor having  two Input terminals, one of which is connected to the a
capacitance of [err] (F), another terminal of the resis-  output terminal
of the comparator 15. In addition, a tor 12 Is grounded via the capacitor
13. These resistor  data input terminal D of a D flip-flop 23 is connected
12 and capacitor 13 constitute a lowpass filter 14 hav-  55  to the output
terminal of the comparator 15, and a ing a time constant of [err]
(seconds). The connec-  clock input terminal of the D flip-flop 23 is
connected tion point between the resistor 12 and the capacitor  to the
output terminal of the comparator 29. Further- 13 is connected to a
non-inverting input terminal (+)  more, the D flip-flop 23 has a reset
terminal R, and 3    



5                   EP0264782 B1                     6 an output terminal Q
of the D flip-flop 23 is connected  and the output signal of the lowpass
filter 18 is sup- to another Input terminal of the AND gate 22. This D
plied to the inverting Input terminal of the comparator flip-flop 23 stores
data supplied to the data Input ter-  15. minal D thereof at a leading edge
timing of a pulse sig-  As described before, the time constant [err] is nal
supplied to the clock Input terminal thereof.  5   set smaller than the
time constant [err] hence, the Next an input terminal of an analog switch
36 Is  phase of the signal [err] Is delayed behind that of the connected to
the output terminal of the amplifier 25,  signal Vb. As a result, the
comparator 15 outputs a and a gate terminal of the analog switch 36 is
connect-  pulse signal [err] (shown In Fig. 2(c)), the level of which ed to
the output terminal of the comparator 29. And an  rises up to a high (H)
level while the level of the signal output terminal of the analog switch 36
is connected   10  Vb is higher than that of the signal [err] On the other
to an input terminal of an analog-to-digital (A/D) con-  hand, the voltage
signal V outputted from the accel- verter 38 which is grounded via a
capacitor 37. This  eration sensor 11 Is also supplied to the highpass fil-
capacitor 37 is provided for holding a peak value of an  ter 27 wherein a
higher harmonic component signal is analog signal supplied to the A/D
converter 38 via the  extracted from the signal [err] The level of such ex-
analog switch 36.                             15  tracted signal is
amplified in the amplifier 25 so that Next, a central processing unit (CPU)
39 is con-  the amplifier 25 outputs a signal V[err] as shown In Fig.
nected to the output terminal of the AND gate 22, the  2(d). reset terminal
R of the D flip-flop 23 and a digital out-  The signal V. is supplied to
the non-inverting in- put terminal of the A/D converter 38. The CPU 39 out-
put terminal of the comparator 29 via the resistor 28. puts data D[err] to
a musical tone signal generating cir-  20  In addition, the signal V[err]
Is also supplied to the low- cuit 41 wherein a musical tone signal [err]
correspond-  pass filter33 wherein the signal [err] Is subjectto a time ing
to the data D[err] is generated. The musical tone sig-  delay (or an
integration operation). As described be- nal A[err] Is supplied to a
speaker 43 wherein a musical  fore, the diode 31 is inserted between the
lowpass fil- tone corresponding to the musical tone signal A[err] Is  ter
33 and the inverting input terminal of the compar- generated.
25  ator 29, and the reference voltage [err] is supplied to Next,
description will be given with respect to an  the inverting input terminal
of the comparator 29. operation of the musical tone generating apparatus
Hence, the reference voltage [err] must be always sup- shown in Fig. 1 In
conjunction with Fig. 2. The accel-  plied to the inverting input terminal
of the comparator eration sensor 11 is mounted on a part of the player,  29
while the level of the output signal of the lowpass i.e., a palm of the
player's hand, for example. This ac-  30  filter 33 is lowerthan that of
the reference voltage V[err]. celeration sensor 11 generates the voltage
signal V[err]  On the contrary, the output signal of the lowpass filter
shown in Fig. 2(a) at a timing when the player claps  33 is supplied to the
inverting input terminal of the his hands. Such signal V[err] Is inputted
to the non-in-  comparator 29 while the level of the output signal of
verting Input terminal of the comparator 15 via the  the lowpass filter 33
is higher than that of the refer- lowpass filter 14, and the signal V[err]
is also inputted to  35  ence voltage V[err]. As a result a signal [err]
shown In Fig. the inverting input terminal of the comparator 15 via  2(d)
is Inputted into the inverting Input terminal of the the lowpass filter 18.
In this case, the non-inverting  comparator 29. input terminal of the
comparator 15 is supplied with a  Thus, the comparator 29 outputs a pulse
signal signal Vbb (shown in Fig. 2(b)) which is obtained by  V[err] having
the H level (as shown In Fig. 2(e)) while the delaying the signal V[err] by
a delay time corresponding   40  level of the signal V[err] is higher than
that of the signal to the time constant [err] (sec) of the lowpass filter
[err] 14. Similarly, the inverting input terminal of the com-  The
above-mentioned signal [err] is supplied to the parator 15 is supplied with
a signal [err] (shown in Fig.  clock input terminal of the D flip-flop 23
as the clock 2(b)) which is obtained by delaying the signal [err] by a
signal. Since the signal Vd (shown in Fig. 2(c)) is sup- delay time
corresponding to the time constant [err]   45   plied to the data input
terminal D of the D flip-flop 23, (sec) of the lowpass filter 18.
the D flip-flop 23 stores the signal Vd at a leading Meanwhile, the diode
19 is inserted between the  edge timing of the signal [err] and outputs an
output sig- lowpass filter 18 and the inverting input terminal of  nal
[err] (shown in Fig. 2(f)) via an output terminal Q the comparator 15. This
diode 19 is subject to a bias  thereof. The logical product of the signals
Vh and Vd state in backward direction when the level of the out-  50  is
obtained in the AND gate 22. Hence, the AND gate put signal of the lowpass
filter 18 Is lower than that of  22 outputs a signal [err] (shown in Fig.
2(g)). This signal the reference voltage [err] whereby the diode 19 is  V,
is supplied to the CPU 39 as an interrupt signal. turned off and the
reference voltage [err] Is supplied to  On the other hand, when the signal
[err] Is output- the inverting Input terminal of the comparator 15. On  ted
from the comparator 29, the analog switch 36 is the contrary, the diode 19
is subject to a bias state In 55   turned on. For this reason, the
capacitor 37 is forward direction when the level of the output signal
charged by the signal [err] and the peak value of the of the lowpass filter
18 is higher than that of the ref-  signal [err] is held by the capacitor
37. Fig. 2(h) shows erence voltage [err] whereby the diode 19 is turned on
a waveform of avoltage signal [err] held by the capacitor 4    



7                   EP0264782B1                     8 37. Such voltage
signal [err] Is converted into the corre-  moving distance of an object to
be detected by inte- sponding digital data [err] in the A/D converter 38,
and  grating an output signal of an acceleration sensor. such digital data
Dd are supplied to the CPU 39.       In Fig. 3, 101 designates an input
terminal which The interrupt signal [err] is supplied to the CPU 39  is
supplied with an acceleration signal Al outputted wherein a signal RACK
(shown in Fig. 2(i)) is gener-   5   from a piezoelectric type acceleration
sensor [err] ated and outputted tothe resetterminal Rof the Dflip-
Meanwhile, a resistor 104 is inserted between flop 23, whereby the D
flip-flop 23 is reset. There-  the input terminal 101 and an Inverting
input terminal after, the CPU 39 stores the digital data Dd outputted  (-)
of an operational amplifier 103, and a capacitor from the A/D converter 38.
Next, the CPU 39 converts  105 is Inserted between the Inverting Input
terminal the stored digital data [err] into tone pitch data [err] des-  10
and the output terminal of the operational amplifier ignating the tone
pitch of the musical tone, and the  103. In addition, a non-Inverting Input
terminal (+) of tone pitch data [err] are supplied to the musical tone sig-
the operational amplifier 103 Is grounded. The output nal generating
circuit 41. The musical tone signal gen-  terminal of the operational
amplifier 103 Is connected erating circuit 41 generates the musical tone
signal  to a terminal 107 and also connected to an Inverting designating
the tone pitch corresponding to the tone   15  Input terminal (-) of an
operational amplifier 109 (the pitch data [err]. This musical tone signal
Is outputted to  non-inverting Input terminal of which Is grounded) via the
speaker 43, whereby the speaker 43 generates    a resistor 111. The
above-mentioned operational am- the musical tone having the tone pitch
corresponding  plifier 103, the resistor 104 and the capacitor 105 con- to
the intensity of the impulse given to the accelera-  stitute an Integration
circuit 102. Both terminals of the tion sensor 11 mounted on the players
hand.    20  capacitor 105 are connected to respective contacts of As
described before, the acceleration sensor 11  a reed relay 106. can be
fixed at a predetermined part of the player. Ac-  Similar to the
integration circuit 102, the opera- cording to the constitution of the
present embodi-  tional amplifier 109, the resistor 111 and a capacitor
ment, it is possible to generate a musical tone having  112 constitute an
Integration circuit 108. The output a tone pitch corresponding to an
intensity of hand   25  terminal of the integration circuit 108 (i.e., the
connec- clapping, an intensityofstepshockoccurred between  tion point
between the operational amplifier 109 and a floor and the feet of the
player.                the capacitor 112) is connected to a terminal 114.
In addition, the present embodiment generates   Both terminals of the
capacitor 112 are connected to the musical tone having the tone pitch
corresponding  respective contacts of a reed relay 113. Both of one to the
Intensity of impulse detected by the accelera-  30  terminals of the reed
relays 106 and 113 are connect- tion sensor 11. However, the impulse
detector accord-  ed to an output terminal of a delay circuit 122, and ing
to the present invention is not limited to the pres-  both of another
terminals of the reed relays 106 and ent embodiment. Forexample, it is
possible to consti-  113 are grounded. In this case, itis possibleto
replace tute the impulse detector so that a volume orthe tone  the reed
relays 106 and 113 by semiconductor color of the musical tone is varied in
response to the   35  switches. intensity of impulse.
The above-mentioned integration circuits 102 Furthermore, it is possible to
constitute the im-  and 108 constitute a data converting section CHN. pulse
detector so that the tone colors of the musical  Next, a non-inverting
input terminal of a compar- tones are controlled independently based on the
sig-  ator 117 is connected to the input terminal 101 via a nal Vb (shown
in Fig. 2(b)) and the signal V[err] (shown   40  resistor 118. In addition,
an inverting input terminal of in Fig. 2(d)). For example, a musical tone
of the bass  the comparator 117 is connected to the input terminal drum can
be controlled by the signal Vb, and another  101 and also grounded via a
capacitor 120. In this musical tone of a cymbal can be controlled by the
sig-  case, the resistor 119 and the capacitor 120 consti- nal V[err]. In
such a constitution, two kinds of musical  tute an integration circuit
which generates a signal Aid tones can be controlled by use of only one
detector  45  by delaying the acceleration signal Al. The output ter-
(i.e., only one acceleration sensor 11).            minal of the comparator
117 is connected to an input As described heretofore, the impulse
detectorac-  terminal T of a flip-flop 121 and also connected to an cording
to the present invention can eliminate detect-  input terminal of the delay
circuit 122. ing errors caused by touching noise and the like, and  The
above-mentioned comparator 117, the resis- the present impulse detector can
detect the intensity  50  tors 118 and 119, and the capacitor 120
constitute a of impulse with accuracy.
phase-shift/peak-detection circuit 116. This phase-shift/peak-detection
circuit 116 com- (2) MOTION DETECTOR                                 pares
the level of the acceleration signal Al (which is supplied to the input
terminal 101) and that of the sig- Fig. 3 is a circuit diagram showing an
embodi-  55   nal Ald (which is obtained by delaying the accelera- ment of
a motion detector according to the present in-  tion signal Al) and outputs
a pulse signal correspond- vention. More specifically, the circuit shown in
Fig. 3  ing to the comparing result thereof. For example, generates signals
corresponding to a speed and a    when the acceleration signal Al (shown in
Fig. 4(a))    9                   EP 0 264 782 B1                 10 



is supplied to the input terminal 101 at a time to, the
shift/peak-detection circuit 118 rises up to the 1"sig- acceleration signal
Al is supplied to the non-inverting  nal. Thereafter, the level of the
signal U falls down to input terminal of the comparator 117 via the
resistor  a "O" signal (i.e., a signal having a logical level "0") at 118.
In addition, the signal Ald (as shown by a dashed  the time [err] when the
amplitude of the acceleration sig- line in Fig. 4(a)) is generated by
delaying the signal Al   5   nal Al becomes to the maximum value. At the
same in the integration circuit (which is constituted by the  time, the
output signal IR of the flip-flop 121 rises up resistor 119 and the
capacitor 120), and this signal Aid  to the "1" signal, and such "1" signal
is supplied to the is supplied to the inverting input terminal of the corn-
external device via the terminal 123. As a result, the parator 117. As a
result, the comparator 117 com-  external device supplies the reset signal
RES to the pares the levels of the signals Al and Ald, and an out-  10
reset terminal R of the flip-flop 121 via the terminal put signal U (shown
in Fig. 4(b)) of the comparator 117  124, whereby the signal IRfalls down
to the "0" signal. becomes identical to a "1" signal (i.e., a signal having
On the other hand, when the signal U rises up to the a logical level "1")
during times [err] while the level  "1" signal, the outputsignal DLof the
delaycircuit 122 of the acceleration signal Al Is larger than that of the
rises up to the "1" signal. The period while the signal signal Aid. As
shown in Fig. 4(a), the time [err]is almost  15   DL Is at the "1" signal
continues by 20 micro-seconds identical to a peak time when the level of
the accel-  to 100 micro-seconds after the signal U falls down to eration
signal Al reaches at a peak level. More spe-  the "O" signal. Relay coils
of the reed relays 106 and cifically, the signal Ald is identical to a
delay signal of  113 are magnetized (in a period between the times to the
acceleration signal Al, hence, a time when the lev-  to [err]) while the
signal DL is at the "1" signal. Thus, the el of the signal Ald becomes
largerthan thatof the ac-  20  contacts of the reed relays 106 and 113 are
opened celeration signal Al must be delayed behind the peak  in the period
between the times to to to. time of the acceleration signal Al. However, It
is pos-  Next, description will be given with respect to the sible to
identify the peak time of the acceleration sig-  operation of the data
converting section CHN. nal Al with the time when the level of the signal
Ald  The integration circuits 102 and 108 do not work becomes largerthan
that of the acceleration signal Al  25  while the reed relays 106 and 113
are closed. At the by properly setting the delay time of the signal Aid
time to when the acceleration signal Al is supplied to smaller.
the input terminal 101, the contacts of the reed relays Next, the output
signal of the flip-flop 121 is in-  106 and 113 are opened and the
integration circuits verted at every time when the level of the input
signal  102 and 108 start to work. More specifically, the in- U thereof
falls down. This flip-flop 121 has an output  30  tegration circuit 102
integrate the acceleration signal terminal Q which is connected to a
terminal 123 and  Al so as to output a signal DV in the period between a
reset terminal R which is connected to a terminal  the times [err] and
[err]. Since the signal DV is obtained by 124. The flip-flop 121 outputs a
signal IR (shown In  Integrating the acceleration signal Al In an accelera-
Fig. 4(c)) to an external device which outputs a reset  tion increasing
period between the times to to [err] the signal RES so as to reset the
flip-flop 121 when the   35  value of the signal DV represents a maximum
speed signal IR rises up to the "1 " signal.             at a time when the
acceleration increasing period for The delaycircuit 122 delays a trailing
edge timing  the object to be detected 18 ended. On the other hand, of the
signal U so as to enlarge the pulse width of the  the integration circuit
108 Integrates the output signal signal U. As shown in Fig. 4(d), the
trailing edge tim-  DV of the Integration circuit 102 while the output sig-
ing [err] of an output signal DL of the delay circuit 122 is  40  nal DL of
the delay circuit 122 Is at the "1" signal, so delayed behind the trailing
edge timing [err] of the signal  that the integration circuit 108 generates
a signal DD. U by 20 micro-seconds to 100 microseconds in the   Since the
signal DD is obtained by integrating the present embodiment.
(speed) signal DV, the value of the signal DD repre- The above-mentioned
phase-shift/peak-detection  sents a moving distance which is measured until
the circuit 116, the delay circuit 122 and the flip-flop 121   45
acceleration of the object becomes identical to the constitute a data
control section CTL.             maximum. Next, description will be given
with respect to op-  As described heretofore, the present embodi- erations
of the motion detector shown in Fig. 3 in con-  ment detects the
acceleration by every minute period junction with Figs. 4(a) to 4(f).
based on the acceleration signal Al outputted from When the acceleration
signal Al is supplied to the   50  the acceleration sensor [err] and
performs an integra- input terminal 101, such acceleration signal Al is si-
tion operation on the detected acceleration in the min- multaneously
supplied to the data control section CTL  ute period (i.e., the
acceleration increasing period). and the data converting section CHN.
Hence, the present embodiment can detects charac- First, description will
be given with respect to the  teristics of the motion of the object to be
detected. operation of the data control section CTL.    55       In
addition, the present embodiment can obtain When the acceleration signal Al
is supplied to the  the moving speed and the moving distance of the ob-
phase-shift/peak-detection circuit 116 via the Input  ject to be detected
by use of a simple circuit constitu- terminal 101, the output signal U of
the phase-    tion (using three operational amplifiers, one flip-flop 6
11                 EP0264782B1                    12 



and a plurality of resistors, capacitors and reed re-  ratus shown in Fig.
6. lays). Hence, the present embodiment can save mon-   In Fig. 6, 201
designates a musical tone generat- ey.
ing unit, 202a and 202b designate ultrasonic trans- Incidentally, it is
possible to apply a musical tone  mitters, and 203a and 203b designate
ultrasonic re- generating unit 125 (as shown in Fig. 5) as an external   5
ceivers. As shown in Fig. 7, the musical tone gener- control device. Next
description will be given with re-  ating unit 201 and the ultrasonic
receivers 203a and spect to the operation of the circuit shown in Fig. 5.
203b are worn at a waste of a player by use of a belt In Fig. 5, when the
flip-flop 121 outputs the signal  204. The ultrasonic transmitters 202a and
202b are IR to a central processing unit (CPU) 130 as an Inter-
respectively worn at predetermined portions of right rupt signal, the CPU
130 supplies the reset signal  10  and left arms of the player by use of
mounting mem- RES to the flip-flop 121. Meanwhile, analog-to-digital  bers
205 such as supporters so that the ultrasonic converters (A/D converters)
126 and 127 hold the lev-  transmitters 202a and 202b respectively face
with the els of the signals DV and DD atatime t2 (shown In Fig.  ultrasonic
receivers 203a and 203b. These ultrasonic 4) when the reset signal RES is
outputted from the  transmitters 202a and 202b are constructed by pie- CPU
130. At the same time, the A/D converters 126  15  zoelectric elements such
as barium titanate vibrators and 127 start to convert the held signals DV
and DD  and the like. When a high frequency voltage Is ap- Into respective
digital data, and such digital data are  plied to the ultrasonic
transmitters 202a and 202b, stored respectively In the registers 128 and
129.  these ultrasonic transmitters 202a and 202b gener- Thereafter, the
digital data stored in the registers 128  ate ultrasonic waves. In
addition, the ultrasonic re- and 129 are supplied to and stored in the CPU
130 via  20  ceivers 203a and 203b generate the high frequency a data bus
131. Thereafter, the CPU 130 reads out the  voltages when these ultrasonic
receivers 203a and data stored In the registers 128 and 129 and the read
203b receives the ultrasonic wave. In this case, two data are supplied to
the sound generator 132 via the  or three transmitting piezoelectric
elements are ar- data bus 131. In this case, the CPU 130 supplies the
ranged radially within the ultrasonic transmitters data stored in the
register 128 to the sound generator  25  202a and 202b so as to radiate the
ultrasonic waves 132 as volume control data, and the CPU 130 sup-
therefrom by an angular range of 180 degrees. Sim- plies the data stored In
the register 129 to the sound  llarly, two or three receiving piezoelectric
elements generator 132 as tone pitch data. As a result, the  are arranged
radially within the ultrasonic receivers sound generator 133 generates and
outputs a musi-  203a and 203b so as to receive and detect the ultra- cal
tone signal having a volume and a tone pitch re-  30  sonic waves radiated
from the ultrasonic transmitters spectively corresponding to the signals DV
and DD to  202a and 202b. As a result, even when relative posi- a sound
system 133. Under the control of the sound  tion relations between the
ultrasonic transmitters system 133, a speaker 134 generates a musical tone
202a and 202b and the ultrasonic receivers 203a and corresponding to the
signals DV and DD.           203b are changed, the ultrasonic waves
radiated The meanings of the above-mentioned signals  35  from the
ultrasonic transmitters 202a and 202b can DV and DD are not limited to the
volume and the tone  always reach at the ultrasonic receivers 203a and
pitch. For example, the signal DV can be modified into  203b, regardless of
the change of the above relative a signal for controlling a "regist", and
the signal DD  position relations. can be modified intoa signal
forcontrolling atone col-  Next, description will be given with respect to
the or of musical tone (such as tones of a flute, the piano  40  musical
tone generating unit 201. in the musical tone and the like).
generating unit201,210designates a startpulse gen- The above "regist"
represents preset operations  erator which generates a start pulse SPL
having a of several kinds of levers which are arranged on an  constant
cycle. This start pulse [err]is supplied to an operation panel (not shown).
Input terminal of an ultrasonic pulse generator 211 When the regist is
controlled by varying the sig-  45  and respective set Input terminals S of
reset-set (R- nal DV, the regist condition can be varied in accor-  S)
flip-flops 212a and 212b. The start pulse SPL trig- dance with the movement
of the human body and the  gers the ultrasonic pulse generator211 wherein
an ul- like. Hence, it is possible to obtain a new musical ef-  trasonic
pulse UPL is generated and outputted to the fect other than the
conventional musical effect which  ultrasonic transmitters 202a and 202b,
whereby the is controlled by a manual operation.         50  ultrasonic
waves having constant cycles are radiated from the ultrasonic transmitters
202a and 202b. (3) ANGULAR VELOCITY DETECTOR                     When the
ultrasonicwaves reach at the ultrasonic re- ceivers 203a and 203b, the
ultrasonic receivers 203a Fig. 6is a block diagram showing an embodiment
and 203b generate high frequency voltages respeo- of a musical tone
generating apparatus employing an  55  tively. angular velocity detector
according to the present in-  The high frequency voltage outputted from the
ul- vention, and Fig. 7 shows a perspective view of the  trasonic receiver
203a is supplied to an amplifier player who wears the musical tone
generating appa-  213a wherein the high frequency voltage is amplified. 7
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Thus, the amplifier 213a outputs an amplified signal  of which corresponds
to a revolving angle Sl at a Joint Sa to a diode 214a wherein the amplif
led signal Sa is  of a left shoulder of the player. rectified. Thereafter,
the diode 214a outputs the rec-  As shown in Fig. 7, Ar represents a
distance be- tif led signal of the signal Sa to a reset input terminal
tween a revolving center Or at the joint of the right R of the R-S
flip-flop 212a. This R-S flip-flop 212a is   5   shoulder of the player and
a portion where the ultra- set by the start pulse [err] and reset by the
output sig-  sonic transmitter 202a is mounted, and Br represents nal of
the diode 214a. Thus, a signal Sal outputted  a distance between the
revolving center Or and a por- from an output terminal Q of the R-S
flip-flop 212a  tion where the ultrasonic receiver203a Is mounted. In has a
pulse width which corresponds to a distance R  this case, the revolving
angle Sr can be obtained from between the ultrasonic transmitter 202a and
the ul-  10  the following formula (1) based on a cosine theorem. trasonic
receiver 203a. Such signal Sa[err] Is supplied to  [err] one inputterminal
of anAND gate 215a. While the sig-  In the case where the values of the
distances Ar nal Sa[err] Is supplied to the AND gate 215a, this signal  and
Br are setto predetermined constantvalues In the Sa[err] opens the AND gate
215a wherein a clock pulse  above formula (1), the value of the revolving
angle Sr CP is passed through and supplied to a clock input  15  can be
obtained by putting the value of the distance terminal CK of a counter
216a. The counter 216a   measuring data LR in the place of the distance R.
counts up the clock pulse CP and outputs a counting  More specifically, the
operational circuit 221a pro- value thereof as distance measuring data LR.
The val-  vides the ROM which pre-stores the angle data DR ue of such
distance measuring data LR corresponds  therein, and the operational
circuit 221a reads out the to the distance R between the ultrasonic
transmitter  20  angle data DR corresponding to the distance meas- 202a and
the ultrasonic receiver 203a.            uring data LR which are Inputted
Into the operational Meanwhile, the high frequency voltage generat-
circuit 221a as an address for the ROM. Thus, the op- ed by the ultrasonic
receiver 203b is supplied to an  eration represented by the formula (1)
will be per- amplifier 213b wherein the high frequency voltage is  formed
In the operational circuit 221a. amplified. Thus, the amplifier 213b
outputs an ampli-  25  Similarly, Al represents a distance between a re-
fled signal Sb to a diode 214b wherein the signal Sb  volving center 01 at
the Joint of the left shoulder of the is rectified. Thereafter, the
rectified signal of the sig-  player and a portion where the ultrasonic
transmitter nal Sb is supplied to a reset input terminal R of the R-  202b
Is mounted, and BI represents a distance be- S flip-flop 212b. This R-S
flip-flop 212b is set by the  tween the revolving center 01 and a portion
where the start pulse SPL and reset by the output signal of the   30
ultrasonic receiver 203b is mounted. In this case, the diode 214b. Thus, a
signal [err] outputted from an out-  revolving angle Sl can be obtained
from the following put terminal Q of the R-S flip-flop 212b has a pulse
formula (2) based on the cosine theorem. width which corresponds to a
distance L between the   Sl =[err] ultrasonic transmitter 202b and the
ultrasonic receiv-  In the case where the values of the distances Al er
203b. Such output signal Sb[err] is supplied to one in-  35  and Bl are set
to predetermined constant values In the put terminal of an AND gate 215b.
While the signal  above formula (2), the revolving angle SI can be ob-
Sb[err] is supplied to the AND gate 215b, the signal Sb[err]  tained by
putting the value of the distance measuring opens the AND gate 21 5b
wherein the clock pulse CP  data LL In the place of the distance L More
specif i- is passing through and supplied to a clock input ter-  cally, the
operational circuit 221b provides the ROM minal CK of a counter 216b. This
counter 21 6b counts  40  which pre-stores the angle data DL therein, and
the up the clock pulse CP and outputs the counting value  operational
circuit 221 b reads out the angle data DL thereof as distance measuring
data LL. The value of  corresponding to the distance measuring data LL such
distance measuring data LL corresponds to a  which are Inputted into the
operational circuit 221 b as distance L between the ultrasonic transmitter
202b  an address for the ROM. Thus, the operation repre- and the ultrasonic
receiver 203b. As described here-  45  sented by the formula (2) will be
performed in the op- tofore, an ultrasonic distance measuring circuit 220
is  erational circuit 221 b. constituted by the above-mentioned elements.
In addition, the operational circuits 221a and Next, the above distance
measuring data LR and  221b put the respective distance measuring data LR
LL are supplied respectively to operational circuits  and LL outputted from
the counters 216a and 216b 221a and 221 b. These operational circuits 221 a
and   50  therein at leading edge timings of the signals Sa[err] and 221b
are primarily constituted by read only memories  Sb[err] i.e., at timings
when the R-S flip-flops 212a and (ROM) which work as look-up tables. More
specifical-  212b are reset. Slightly thereafter, the operational cir- ly,
the operational circuit 221a converts the distance  cuits 221a and 221b
output respective reset pulses measuring data LR into angle data DR the
value of  RPa and RPb to reset input terminals R of the coun- which
corresponds to a revolving angle Sr (shown in  55  ters 216a and 216b so
that the counters 216a and Fig. 7) at a joint of a right shoulder of the
player. Sim-  216b are reset. The angle data DR and DL outputted ilarly,
the operational circuit 221 b converts the dis-  from the operational
circuits 221 a and 221 b are sup- tance measuring data LL Into angle data
DL, the value  plied to respective digital-to-analog (D/A) converters 8
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222a and 222b wherein the angle data DR and DL are  vary the performance
speed of the musical tones in converted into analog voltage signals VR and
VL.  accordance with the revolving angular velocities of Theses voltage
signals VR and VL are supplied to re-  the right and left arms of the
player. spective differentiation circuits 223a and 223b      Next,
description will be given with respect to an- wherein the voltage signals
VR and VL are differen-   5   other embodiment of the musical tone
generating ap- tiated so as to obtain signals [err] These sig-  paratus
employing the angular velocity detector ac- nals [err] and [err]are
supplied to a musical tone signal  cording to the present invention In
conjunction with generating circuit 224.                           Fig. 8.
Since the values of thevoltage signals VR and VL  In Fig. 8, 230 designates
a mounting wear cover- correspond to the revolving angle Sr at the joint of
the  10  ing a breast shoulders and elbows at an upper half right shoulder
and the revolving angle Sl at the Joint  of the player's body. Similar to
an ordinary jacket the of the left shoulder respectively, the values of the
dif-  mounting wear 230 can be taken off. In addition, ferentlated signals
[err] and [err] of the voltage signals  shoulder portions 230a and 230b,
and elbow portions VR and VL correspond to the respective revolving an-
230c and 230d of the mounting wear 230 are made gles Sr and Sl.
15  of a flexible fiber material. Furthermore, thin type ab- The musical
tone signal generating circuit 224  solute rotary encoders 231a to 231d are
mounted re- generates percussive tones (such as a drum tone, a  spectively
In the shoulder portions 230a and 230b, Q    cymbal tone and the like) in
accordance with a prede-  and the elbow portions 230c and 230d. These
rotary termined rhythm  pattern having a performance     encoders 231a to
231d have respective shafts fixed speed corresponding to the values of the
signals [err]  20  with levers 232a to 232d, the tip end portions of which
and VL1 outputted from the respective differentiation  are mounted on the
mounting wear 230 via absorber circuits 223a and 223b. In this case, the
performance  members 233a to 233d. Therefore, when the player speed is
increased in response to the value of the sig-  revolves his right or left
hand, the rotary encoder nal [err] and the performance speed is decreased
in  231a directly detects the revolving angle of the joint response to the
value of the signal VL[err]. In the present  25  of the right shoulder, or
the rotary encoder 231 b di embodiment, the performance speed can be in-
rectlydetects the revolving angle of the jointofthe left creased
approximately to = 90. In other words, the  shoulder. On the other hand, in
the case where the performance speed can be increased such that a    player
bends his right or left elbow, the rotary encoder quarter note () can be
generated by ninty times in one  231 c directly detects the bending angle
of the joint of minute. The musical tone signal generated in the mu-  30
the right elbow, or the rotary encoder 231 d directly sical tone signal
generating circuit 224 is supplied to  detects the bending angle of the
joint of the left elbow. a speaker 225, whereby the speaker 225 generates
Thus, the rotary encoders 231a to 231d output re- the percussive tone in
accordance with the predeter-  spective angle data (i.e., respective
digital signals '  mined rhythm pattern having the performance speed  each
having a predetermined bit number) to a musical corresponding to revolving
angular velocities of the  35  tone generating unit 201 a via a cable 234.
The musi- right and left arms of the player. Incidentally, 226 des-  cal
tone generating unit 201a is constituted by four ignates a transmitter
circuit which transmits the mu-  digital-to-analog (D/A) converters, four
differentia- sical tone signal outputted from the musical tone sig-  tion
circuits (both not shown), and the musical tone nal generating circuit 226
via an antenna 227 by a ra-  signal generating circuit 224, the speaker 225
and the dio communication.                           40  transmittercircuit
226 shown in Fig. 8. The above four As described heretofore, the present
embodi-  D/A converters convert the respective angle data ment measures the
distance R between the ultrason-  (supplied from the rotary encoders 231 a
to 231d) into ic transmitter 202a and the ultrasonic receiver 203a  analog
voltage signals, and these analog voltage sig- and calculates the revolving
angle Sr of the right arm  nals are differentiated respectively In the four
differ- with respect to the direction of the player's body  45  entiation
circuits. In this case, the musical tone signal based on the measured
distance R. Then, the value  generating circuit 224 generates a musical
tone sig- of the revolving angle Sr is differentiated in the differ-  nal
representing a percussive tone having a predeter- entiation circuit 223a,
so that the value of the revolv-  mined rhythm pattern and the performance
speed ing angular velocity of the right arm can be obtained.  corresponding
to the values of voltage signals sup- Similarly, the present embodiment
measures the dis-  5o  plied from the four differentiation circuits. tance
L between the ultrasonic transmitter 202b and  Therefore, the performance
speed will be in- the ultrasonic receiver 203b and calculates the re-
creased in response to the revolving angular velocity volving angle Sl of
the left arm with respect to the di-  of the joint of the right shoulder,
and the performance rection of the player's body based on the measured
speed will be decreased in response to the revolving distance L. Then, the
value of the revolving angle Sl  55  angular velocity of the joint of the
left shoulder. In this is differentiated in the differentiation circuit
223b, so  case, the performance speed can be increased ap- that the value
of the revolving angular velocity of the  proximately to -90 in response to
the revolving angu- left arm can be obtained. Accordingly, It is possible
to  lar velocities of the joints of these shoulders. In addi- 9    17
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tion, the performance speed can be increased in re-  trolled bythe above
revolving angularvelocities orthe sponse to the revolving angular velocity
of the joint of  musical tone parameters can be controlled by an ar- the
right elbow, and the performance speed can be   bitrary combination of the
above revolving angular decreased in response to the revolving
angularveloc-  velocities. ity of the joint of the left elbow. In this
case, the per-   5  In addition, the revolving angular velocities of the
formance speed can be Increase approximately to     player's shoulders and
the player's elbows are detect- =150 to 180 in response to the revolving
angular ve-  ed In the present embodiments. However, it is possi- locitles
of the joints of these elbows.              ble to detect revolving angular
velocities of player's According to another embodiment described
knees in the present Invention. above, it is possible to arbitrarily vary
the perfor-  10  Furthermore, itis unnecessaryto provide the mu- mance
speed of the percussive tones generated from  sical tone signal generating
circuit and the speaker the speaker 225 of the musical tone generating unit
within the musical tone generating unit. Hence, it Is 201 a in response to
the revolving angular velocities of  possible to constitute the musical
tone generating the joints of the shoulders and the elbows. In addition,
unit such that the musical, tone generating unit out- the rotary encoders
231a and 231b detect the revolv-  15  puts the musical tone  control data
therefrom based ing angular velocities of the joints of the right and left
on the known MIDI (Musical instrument Digital Inter- shoulders, even when
the player revolves his right  face) standard, for example. In this case,
such musi- and left arms in right and left directions or In forward  cal
tone control data are supplied to an external mu- and backward directions.
Hence, the player can move  sical tone signal generating circuit. freely,
so that it is possible to raise the degree of free-  20 dom for a dance
composition of the player and the  (4) ANGLE SENSOR like. Furthermore, the
rotary encoders 231a to 231d are mounted within the mounting wear230 like
the or-   Figs. 9 to 13 show an embodiment of an angle dinary jacket,
hence, the mounting wear 230 can be  sensor 301 according to the present
invention. made fashionably so that the mounting wear 230 is  25  In these
Figs. 9 to 13, 302 designates a ball- prevented from damaging the
appearance of the play-  shaped hollow case. On an outside peripheral sur-
er.                                                face of the case 302, a
circle mark 303 is written as In the above-mentioned embodiments, the angle
a center position, and arrow marks 303a to 303d are data (digital data) DR
and DL are converted into re-  written such that the arrow marks 303a to
303d indi- spective analog voltage signals VR and VL, which are  30  cate
outer directions from the center position 303. On differentiated so as to
obtain the analog signals [err]  the other hand, lines [err]axis direction
and and VL1 the values of which correspond to the revolv-  lines [err] in a
Y-axis direction are wired in a ma- ing angular velocities. Thereafter,
these analog sig-  trix in the inside surface of the case 302 (as shown
nals [err]and [err] are supplied to the musical tone sig-  in Fig. 14).
Detectors 304 are provided at intersection nal generating circuit 224 as
musical tone control sig-  35  points where the lines [err] to[err] cross
the lines [err] to nals. However, it is possible to constitute the musical
[err]. As shown in Fig. 12, the detector 304 has a pair tone generating
apparatus so that difference data are  of contacts 305a and 305b on an
outside surface directly obtained from the angle data DR and DL and
thereof and a diode (not shown) In the Inside thereof. such difference data
(the values of which corre-    As shown in Fig. 13, the contact 305a is
connected to sponds to the revolving angular velocities) are sup-  40  the
lines [err] directly, and the contact 305b is con- plied to the musical
tone signal generating circuit as  nected to the lines [err]via a diode
306. As shown the musical tone control data. In addition, it is possible
In Fig. 11, mercury fluid 307 Is enclosed within the to constitute the
musical tone generating apparatus  case 302, hence, the contact 305a can be
connected so that data of detected revolving angular velocities  to the
contact 305b via the mercury fluid 307 (i.e., the can be applied to the
musical tone control data or pre-  45  detector 304 Is turned on). The
lines [err] and the determined musical tone control data can be formed
lines [err] are connected to an external device based on the detected
revolving angular velocities.  (not shown) via a cable 308 (as shown in
Fig. 9). Meanwhile, the performance speed is varied in      As shown in
Fig. 9, the angle sensor 301 having response to the revolving angular
velocities of play-  the above-mentioned constitution is held by a hand
er's arms or in response to the revolving angular ve-  5o   H. In the case
where the hand H is moved up and locities of the joints of the player's
shoulders and the  down In a direction A or the hand H Is twisted In a di-
player's elbows in the above-mentioned embodi-     rection B, the mercury
fluid 307 must always moved ments. However, it is possible to constitute
the pres-  downward within the case 302. In this case, an inclin- ent
invention such that the tone pitch, the volume, a  ation of the angle
sensor 301 varies the detector 304 tone length, the tone color or the like
is varied in re-  55   which is turned on by the mercury fluid 307. There-
sponse to the above revolving angular velocities. In  fore, an inclination
angle of the angle sensor 301 In addition, it is possible to constitute the
present inven-  the direction A and an inclination angle thereof In the
tion such that musical tone parameters can be con-  direction B can be
detected by detecting a combina- 10    19                 EP 0 264 782 B1
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tion of turn-on detectors 304 based on a turn-on state  the player's hand
is moved, It is possible to generate among the lines [err]and the lines
[err].  various musical tones In response to the movement of Next,
description will be given with respect to an  the players hand. Thus, it is
possible to enjoy a mu- electronic musical instrument employing the above-
sical performance based on a brand-new perfor- mentioned angle sensor 301
In conjunction with Fig.   5   mance method which can not realized by the
conven- 14.                                              tional electronic
musical Instrument. In Fig. 14, 309 designates resistors which pull
Incidentally, It is possible to constitute the pres- down the lines [err]
and 310 designates an 1/0 In-  ent embodiment such that the tone pitch is
varied In terface having output ports PA and PB connected to  response to
the inclination angle of the angle sensor the lines [err] and an Input port
PC connected to  10  301 in the direction A and the tone volume is varied
the lines[err]. In addition, 311 designates a central  In response to the
Inclination angle of the angle sen- processing unit (CPU), 312 designates a
read only  sor 301 In the direction B. Furthermore, it Is possible memory
(ROM) for storing predetermined programs   to constitute the present
embodiment such that the used for the CPU 311, 313 designates a random ac-
tone color and the like are varied In response to the cess memory (RAM)
used for a work area, and 314   15  inclination angle of the angle sensor
301. designates a bus line. The above-mentioned ele-      Next, description
will be given with respect to a ments 309 to 314 constitute a musical tone
control  modified embodiment of the present embodiment In circuit 315.
conjunction with Fig. 15. In Fig. 15, contacts 320 are The CPU 311
sequentially selects one bit from  provided on the inside surface of the
case 302 instead bits PAO to PA7 within the output port PA and bits PB0
20  of the detectors 304, and a ball-shaped common elec- to PB7 within the
output port PB, and the CPU 311  trode 321 Is provided In a hollow Inside
portion of the sets a level of the selected one bit to the high (H) level.
case 302. Hence, the inclination angle of the case 302 The "H" level signal
is supplied to one of bits PCO to  varies a combination of contacts 320
which are con- PC7 within the input port PC via a certain line among
nected to the common electrode 321 via the mercury the lines [err] which
corresponds to a certain line  25  fluid 307. having the H level among the
lines [err]. Hence,  In the above-mentioned embodiments, the case the the
CPU 311 can detects that which detector 304  302 is shaped like a ball.
However, the shape of the is turned on by monitoring the "H" level signal
sup-  case 302 Is not limited to the ball shape. Instead, it Is plied to
the bits PC0 to PC7. In addition, the CPU 311  possible to form the case as
a cylindrical shape. can determine the inclination angle of the angle sen-
3o sor 301 in the directions A and B based on the turn-  [II] MUSICAL TONE
CONTROLAPPARATUS on states of the detectors 304. Accordingly, the CPU 311
generates musical tone control data KC, the con-  Next, description will be
given with respect to em- tent of which corresponds to the inclination
angle. The  bodiments of the musical tone control apparatus ac- musical
tone control data KC are supplied to a musi-  35  cording to the present
Invention. cal tone signal generating circuit 316 via the bus line 314. The
musical tone signal generating circuit 316  (1) CONSTITUTION OF AN
EMBODIMENT generates a musical tone signal having a tone pitch
corresponding to the value of the supplied musical   Fig. 16 is a block
diagram showing a first embodi- tone control data KC. Such musical tone
signal is sup-  40  ment of the musical tone control apparatus according
plied to a sound system 317 wherein a musical tone  to the present
invention. In Fig. 16, 1X, 1Y and 1Z des- corresponding to the musical tone
signal is generat-  ignate acceleration sensors which respectively detect
ed.                                               accelerations In a X-axis
direction, a Y-axis direction In the case where the circle mark 303 can be
and a Z-axis direction. For example, these accelera- seen at a top position
of the angle sensor 301 as  45  tions sensors 1X to 1Z are constructed by
strain shown in Fig. 9, the sound system 317 generates a  gauges which
output acceleration signals corre- musical tone having a predetermined
reference tone  sponding to the above predetermined directions. In pitch.
Thereafter, when the hand H is moved up and  the first embodiment, these
acceleration sensors IX down In the direction A or the hand H Is twisted in
the  to 1Z are respectively attached to an edge portion of direction B, the
tone pitch of the musical tone gener-  50  a drum stick 402 as shown in
Fig. 17. Another edge ated from the sound system 317 must be varied in re-
portion of this drum stick 402 is held by the player's sponse to the moving
direction of the angle sensor  hand, hence, a musical tone corresponding to
the 301.                                             swing movement will be
generated when the player As described heretofore, the electronic musical
swings the drum stick 402. In addition, a tone color instrument employing
the angle sensor 301 can gen-   55   selecting switch SEL Is mounted at the
another edge erate musical tones having various tone pitches which  portion
of the drum stick 402. When the player de- corresponds to the inclination
of the angle sensor  presses such switch SEL, a desirable tone color Is se-
301. For instance, when the angle sensor 301 held by  lected. 11    21
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Next, description will be given with respect to a  434 or via a second path
comprising a constant cur- circuit for generating a musical tone based on
output  rent source 433 and the switch 434. In other words, signals of the
acceleration sensors 1X to 1Z. How-  the capacitor 435 is charged in a
period when the out- ever, since each of the acceleration sensors 1X to 1Z
put signal of the comparator 412 Is Identical to the "1" has the same
circuit for generating the musical tone,   5   signal, and such period Is
converted into a charging description of the acceleration sensors 1Y and 1Z
will  voltage of the capacitor 435. In this case, a desirable be omitted.
charging characteristic of the capacitor 435 can be In Fig. 16, 405
designates an amplifier section  selected by selecting the switch 434. The
charging which is constituted by a parallel circuit of a linear am-
voltage of the capacitor 435 is converted Into a digital pilfier 406 and a
logarithmic amplifier 407, and the   io  signal in an analog-to-digital
(A/D) converter 442. amplifier section 405 amplifies the output signal of
Next, a resistor 436 and a transistor 437 consti- the acceleration sensor
1X. One of the linear ampli-  tute a discharging path (or a reset path) of
the capac- fler 406 and the logarithmic amplifier 407 is selected  itor
435. A base of transistor 437 is grounded via re- by a select switch 408,
hence, one of output signals  sistors 438 and 439, and the base of
transistor 437 is of the linear amplifier 406 and the logarithmic ampli-
15  also connected to the output terminal of the compar- fier 407 is
supplied to an input terminal 411 of an ac-  ator 412 via the resistor 438
and a capacitor 440. celeration peak detecting circuit 410 via the select
Hence, when a base current is supplied to the base switch 408. This
acceleration peak detecting circuit  oftransistor437 via the capacitor440
and the resistor 410 detects a peak value of the acceleration detected  438
at a leading edge timing of the output signal of the by the acceleration
sensor 1X and also detects an ac-  20  comparator 412, the transistor 437
is turned on. coloration Increasing/attenuating duration.        Thus, a
time-to-voltage (T/V) converter 430 is consti- Next, detailed description
will be given with re-  tuted as described heretofore. spect to the
acceleration peak detecting circuit 410.  The output signal of the
comparator 412 is sup- A non-inverting input terminal of a comparator 412
Is  plied to a negative input terminal of an AND gateAN1, connected to an
input terminal 411 via a resistor 413   25  and the output signal of the
comparator 420 is sup- (having a resistance of 100 Kilo-Ohm). A resistor
415  plied to a positive input terminal of the AND gate AN1. (having a
resistance of 10 Kilo-Ohm) and a capacitor  The output signal of such AND
gate AN1 Is supplied 416 constitute an integration circuit for delaying an
toaT/Vconverter445which has the same circuitcon- acceleration signal Sa
inputted into the input terminal  stitution of the T/V converter 430. This
T/V converter 411, and an output signal of such Integration circuit is  30
445 converts a period when the AND gate AN1 out- supplied to an inverting
input terminal of the compar-  puts the "1" signal into a voltage. The
outputsignal of ator 412 and a non-inverting input terminal of a com-  the
T/V converter 445 is converted into a digital signal parator420 via a diode
D1 in aforward direction. Ava-  In an A/D converter 446. >   riable
resistor VR divides a voltage V so as to set a  As described heretofore,
the acceleration peak reference voltage Vref, and the reference voltage
Vref  35  detecting circuit 410 is constituted. Is supplied to an inverting
input terminal of the com-  Next, description will be given with respect to
a parator 420 via a resistor 423 (having a resistance of  musical tone
processing circuit 460. This musical tone 100 Kilo-Ohm). The value of the
reference voltage  processing circuit 460 controls an operation for gen-
Vref varies due to a charging or a discharging of a ca-  erating several
kinds of musical tones based on out- pacitor424 which grounds the inverting
input terminal  40   putsignals of A/D converters 427, 442 and 446. More of
the comparator 420. The inverting Input terminal of  specifically, the
musical tone processing circuit 460 is the comparator 420 is connected to
the non-inverting  constituted by registers 451,452 and 453 for storing
Input terminal thereof via a resistor 422 and a diode  respective output
data of the A/D converters 446,442 D3 in forward direction, and such
Inverting input ter-  and 427, the CPU 450 for controlling several portions
minal is also connected to the input terminal 411 via  45   within the
circuit 460, a memory 455 for storing pro- a diode D2 in forward direction
and via a resistor 421  grams used in the CPU 450, registers 456 for once
(having a resistance of 10 Kilo-Ohm).              storing several kinds of
data, switches 454 (including Next, the output signal of the comparator 412
is  the select switch SEL shown in Fig. 17) for designat- supplied to a
clock input terminal of a delay flip-flop  ing several kinds of commands
and modes, and a DFF1, the data input terminal D of which is supplied   50
tone generator 457 for generating a musical tone sig- with a "1 signal. The
output signal of the delay flip-  nal. The musical tone signal generated in
the tone flop DFFI is supplied to a CPU 450 as an interrupt sig-  generator
457 Is supplied to a sound system SS (not nal INT. The CPU 450 supplies a
reset signal RS to  shown) wherein a musical tone corresponding to the the
delay flip-flop DFF1.                          supplied musical tone signal
is generated. The output signal of the comparator 412 turns on   55 or off
a switching element 431. When the switching  (2) OPERATION OF THE
EMBODIMENT element 431 is turned on, a capacitor 435 is charged via a first
path comprising a resistor 432 and a switch  Next, description will be
given with respect to the 12    23                  EP 0 264 782 B1
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operation of the first embodiment. Hereinafter, the        Next, a relation
between the values of the ac- switches 408 and 434 are connected as shown
In Fig.    celeration signal Sa and the reference voltage 16.
Vref can be expressed as the following inequality (a) OPERATIONS OF
COMPARATORS 412 AND              (3) during a period between the times
[err] and [err]. 420                                         5
Sa > Vref > Sd  (3) First, description will be given with respect to   As a
result the diodes D1 and D2 are turned the operations of the comparators
412 and 420.     off, and the diode D3 is turned on, whereby the When the
player holds the drum stick 402        comparator 412 performs a comparing
operation (shown in Fig. 17) and swings the drum stick 402   for comparing
the level of the acceleration signal once In a predetermined direction, the
accelera-  10  Sa with that of the reference voltage Vref. Due to tion
sensor 1X detects an acceleration of the      this comparing operation, the
output signal of the drum stick 402 corresponding to the swing move-
comparator 412 turns up to the "1" signal at the ment of the player, so
that the acceleration sen-  time [err] as shown in Fig. 18(b). In addition,
since sor 1X outputs the acceleration signal to the Input  the diode D2 Is
turned off at the time [err] the dis- terminal 411 of the acceleration peak
detecting   15  charge path of the capacitor424 Is cutoff. Hence, circuit
410 as the acceleration signal Sa having a  the capacitor 424 Is charged
via the variable re- curve shown in Fig. 18(a). In general, the swing
sistor VR and the resistor 423. Thus, the value of movement of the player
may have an accelera-       the reference voltage Vref increases gradually
af- tion characteristic where an acceleration is once  ter the time [err]
and thereafter, the level of the ref- given to the drum stick 402 In an
Inverting direc-  20  erence voltage Vref reaches at a predetermined tion
of the desirable swing direction (in a pre-   initial voltage. movement
period) and the acceleration is there-        Next, the level of the signal
Sd exceeds that after increased in the desirable swing direction.  of the
reference voltage Vref at a time [err]. As a re- Thereafter, the value of
the acceleration reaches  suit the diode D1 is turned on and the diode D3
to a peak value, and then the value of the accel-  25  is turned off,
hence, the comparator 412 per- eration attenuates so as to reach a "0"
value.     forms the comparing operation thereof. Compar- In this case, the
pre-movement period Is       ing to the signal Sa, the phase of the signal
Sd Is started at a time [err] (shown In Fig. 18(a)), and the  delayed by a
minute time and the inclination of swing movement In the desirable swing
direction    the curve of the signal Sd is slightly small. There- will be
started at a time [err]. The value of the ac-  3o  fore, a relation such as
Sa > Sd Is maintained until celeration signal Sa is smaller than that of
the ref-  the value of the acceleration signal Sa reaches at erence voltage
Vref (as shown by a dashed line     the peak value, whereby the output
level of the in Fig. 18(a)) In a period between the times [err]
comparator 412 is maintained at the" 1" level af- and [err]. In addition, a
value of an output signal Sd  ter the time [err]. Thereafter,at the time
[err] when (as shown by a dotted line In Fig. 18(a)) of the in-  35  the
level of the signal Sd exceeds that of the ref- tegration circuit
constituted by the resistor 415  erence voltage Vref, the outputsignal of
the com- and the capacitor 416 is smaller than that of the  parator 420
rises up to the "1" signal as shown In reference voltage Vref. As a result
the diode D1    Fig. 18(c). (shown in Fig. 16) is turned off, and the
diodes D2    Next, the level of the signal Sd exceeds that and D3 are
turned on. Hence, the reference vol-  4  of the acceleration signal Sa at a
time [err] where- tage Vref is supplied to the inverting input termi-  by
the output signal of the comparator 412 falls nal of the comparator 412 via
the resistor422 and  down to the "0" signal as shown In Fig. 18(b). Af- the
diode D3 in series, while the capacitor 424    ter the time [err] the level
of the acceleration signal starts to discharge its electric charge via the
di-  Sa does not exceed that of the signal Sd and that ode D2. Thus, the
value of the reference voltage   45  of the reference voltage Vref. As a
result, the out- Vref is lowered so that the value of the reference  put
level of the comparator 412 Is maintained at voltage Vref becomes equal to
that of the accel-   the "0" level. eration signal Sa at the time [err].
Since a value of    During a period between times e[rr] and [err] the a
forward voltage drop of the diode D3 Is quite    level of the signal Sd Is
higher than thatofthe ref- small, it can be considered that the reference
vol-  50  erence voltage Vref, whereby the output level of tage Vref is
directly supplied to the inverting Input  the comparator 420 Is maintained
at the "1" level. terminal of the comparator 412. Therefore, the     At the
time [err] the level of the reference voltage voltage supplied to the
inverting input terminal of  Vref exceeds that of the signal Sd, whereby
the the comparator 412 is higher than the voltage      output signal of the
comparator 420 falls down to supplied to the non-inverting input terminal
there-  55  the "0" signal. Since the level of the signal Sd Is of until
the time [err], whereby the output signal of  maintained lower than that of
the reference vol- the comparator 412 becomes identical to the "0"    tage
Vref after the time [err], the output level of the signal as shown in Fig.
18(b).                     comparator 420 is maintained at the "0" level.
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The above-mentioned output signal of the        Is attenuating In the
desirable swing direction. comparator 420 is supplied to the positive input
(c) OPERATIONS OF OUTPUT SIGNALS OF terminal of the AND gate ANI, while the
output     COMPARATOR 412 AND AND GATE AN1 signal of the comparator 412 Is
Inverted at the        As described above, the high level period of
negative input terminal of the AND gate AN1. As   5  the output signal of
the comparator 412 means a result, the output level of the AND gate AN1 be-
the acceleration increasing period. Such output comes the "1" level during
a period between the    signal of the comparator 412 Is supplied to a ter-
times [err] and [err] as shown in Fig. 18(d).          minal G of the
switching element 425 and the T/V (b) MEANINGS OF OUTPUT SIGNALS OF COM-
converter 430. PARATOR 412 AND AND GATE AN1              10          As a
result, the switching element 425 is sub- Next, description will be given
with respect to  Ject to an open state In the acceleration increas- the
period when the comparator 412 outputs the     Ing period, whereby the
acceleration signal Se Is "1" signal.
supplied to the capacitor 426 in the period Tw. The output level of the
comparator 412 be-      Thus, a terminal voltage of the capacitor 426 will
comes the "1" level at the period between the   15  be Increasing In the
period Tw as shown In Fig. times [err] and [err] as shown in Fig. 18(a). It
is ap-  18(e). Thereafter, the switching element 425 is parent from Fig. 18
that the time [err] can be iden-  turned off atthe time [err] (i.e., the
peak time of the tified as a time when the level of the acceleration
signal Sa). As a result, a peak voltage of the sig- signal Sa Is inverted
from the negative level to the  nal Sa Is held in the capacitor 426. At a
predeter- positive level.                            20      mined timing
[err] slightly delayed from the time Next, description will be given with
respect to  [err] the holding voltage of the capacitor 426 Is a detection
principle for detecting such Inverting  sampled in the A/D converter 427
wherein the time [err]. When such inverting time is detected by  holding
voltage Is converted into a digital signal. use of a fixed reference level
[err] as shown in Fig.     Meanwhile, the base current is flown into the
19, a time ta will be detected as the inverting   25  base of transistor
437 via a differentiation circuit time. However, this time ta must be later
than the  comprising the capacitor 440 and the resistor438 real inverting
time. On the other hand, In the case  at the time [err] when the output
signal of the com- where a reference level [err] (corresponding to the
parator 412 supplied to the T/V converter 430 ris- reference voltage Vref)
varies in response to the  es up to the "1" signal. Hence, the electric
charge level variation of the acceleration signal Sa in a   30  of the
capacitor 435 is discharged via the resistor negative side as described in
the present em-      436 and the transistor 437. In other words, the
bodiment, the detected inverting time will be      terminal voltage of the
capacitor 435 Is reset to identical to a time tb, whereby a detection accu-
zero-volt (OV) as shown in Fig. 18(f) at the time racy must be raised
reasonably.                    [err]. In addition, the switching element
431 is In addition, the time [err] is approximately  35  turned on at the
leading edge timing [err] of the out- identical to a peak time when the
value of the ac-  put signal of the comparator 412, whereby the ca-
celeration signal Sa reaches at the peak value.     pacitor435 is charged
via the resistor432. There- According to the detecting principle as shown
In   fore, the terminal voltage of the capacitor435 will Fig. 1 8(a), the
level of the acceleration signal Sa  be increasing in accordance with a
predeter- (as an original signal) is compared with that of the   40  mined
charging characteristic (shown by a full delayed acceleration signal Sd,
and a time when    line in Fig. 18(f)) from the reset time [err] On the the
level of the signal Sd exceeds that of the ac-  other hand, when the switch
434 is connected to celeration signal Sa Is judged as the above peak   the
constant current source 433, the terminal vol- time. Therefore, such
detecting principle can de-  tage of the capacitor 435 will be Increasing
In ac- tects the peak time with accuracy by properly se-  45  cordance with
a predetermined charging charac- lecting the delay time of the signal Sd.
teristic shown by a dotted line In Fig. 18(f). As is apparent from the
above description, a        On the contrary, when the output signal of
period between the times[err] and [err] shown in Fig.  the comparator 412
falls down to the "0" signal, 18 (i.e., a period Tw when the comparator 412
the switching element431 Is turned off so thatthe outputs the "1" signal)
corresponds to a period   50  charging of the capacitor 435 is stopped. At
this when the acceleration Is increasing.               time, the
transistor 437 has been already turned Meanwhile, a time [err] when the
output signal    off so that the terminal voltage of the capacitor of the
comparator 420 falls down is Identical to a  435 will be held after the
time [err]. The value of the time when the level of the delay signal Sd be-
holding voltage of the capacitor 435 must be de- comes lower than that of
the reference voltage  55  termined based on a charging period of the ca-
Vref. As a result, a period Tr when the AND gate    pacitor 435, hence,
such holding voltage corre- AN1 outputs the "1" signal corresponds to a
per-   sponds to the period Tw shown In Fig. 18. As lod when the
acceleration of the drum stick 402    shown in Fig. 18(f), such holding
voltage is sam- 14    27                  EP 0 264 782 B1                28



pled and converted into a digital signal in the A/D  (or decay) data CLS
for designating an attenuat- converter 442 at a timing [err] which is
slightly de-  ing period of the musical tone. layed after the time [err].
When the CPU 450 reads the volume data Next, the AND gate AN1 outputs the
output     VOL in the step SP12, the CPU 450 supplies such signal having
the high level period Tr (i.e., the at-   5  volume data VOL to the tone
generator 457 so as tenuating period Tr of the acceleration signal Sa)  to
set the tone volume value of the musical tone to the T/V converter 445
wherein a voltage cor-   signal in a step SP13. Next, the CPU 450 reads
responding to the period Tr Is generated In a man-  the attack data ATK
from the register 452 and ner similar to that of the T/V converter 430. The
supplies such attack data ATK to the tone gener- output voltage of the TIV
converter 445 is con-  10  ator 457 so as to set the rising timing of the
mu- verted into a digital signal in the A/D converter  sical tone signal In
steps SP14 and SP15. There- 446 at a predetermined timing.
after, the CPU 450 supplies a key-on command (d) OPERATION OF MUSICAL TONE
PROC-               to the tone generator 457 in a step SP16. As a re-
ESSING CIRCUIT 460                                sult, the tone
generator457 starts to generate the Next, description will be given with
respect to  15  musical tone based on the attack data ATK and the operation
of the musical tone processing cir-  the volume data VOL. After a desirable
wait time cuit 460.                                         has been passed
in a step SP17, the CPU 450 The CPU 450 controls the musical tone proc-
reads the close data CLS from the register 451 in essing circuit 460 in
accordance with the flow-   a step SP18. 1n a next step SP19, such close
data charts shown in Figs. 20A and 20B which are per-  20  CLS are supplied
to the tone generator 457 formed based on the programs stored in the
wherein the level of the musical tone signal is at- memory 455.
tenuated so that the musical tone signal has an First, the CPU 450 starts
the operation        attenuating envelope the value of which corre- thereof
at a step SP1 and then performs process-  sponds to thatof the attenuating
period designat- es other than the process for generating musical  25  ed
by the close data CLS. At this time, a first proc- tones at a step SP2 as
shown in Fig. 20A. Accord-  ess for generating the musical tone Is
completed. ing to the processes In the step SP2, the CPU 450  After the
step SP19, the operation of the CPU scans the respective switches in the
switches     450 returns to a main routine (i.e., the step SP2) 454 so as
to detect whether the tone color Is     of the Interrupt process via a step
SP20. There- changed or not, and the CPU 450 changes the   30  after, such
interrupt process (i.e., the process for tone colorof the tone generator457
so asto gen-   generating the musical tone) will be repeatedly erate a
musical tone having a selected tone color,  performed at every time when
the D flip-flop forexample. In this case, the CPU 450 repeatedly   DFF1
outputs the Interrupt signal INT. performs the processes in the step SP2
until the      Incidentally, the wait time In the step SP17 D flip-flop
DFF1 (shown In Fig. 16) outputs the in-  35  can be omitted In
responsetothe kinds of the mu- terrupt signal INT.
sical tones to be generated, if necessary. When the CPU 450 receives the
Interrupt signal INTfrom the Dflip-flop DFF1, the CPU 450  (3) EFFECTS
executes the processes in steps SPI 0 etc. shown in Fig. 20B. First, the
CPU 450 outputs the reset  40  The first embodiment of the musical tone
control signal RS so as to reset the D flip-flop DFF1 in a  apparatus can
obtain the following specific effects. step SP11. This reset signal RS
stops the D flip-  In order to detect the characteristics (i.e., the in-
flop DFF1 outputting the interrupt signal INT. In  creasing period, the
attenuating period, the peak val- a next step SP12, the CPU 450 reads the
data   ue andthelike)ofthevarying inputsignal such asthe stored in the
register 453 as volume data VOL. In  45  acceleration signal Sa, the
conventional apparatus the present embodiment, theA/D converters 427,
employs a first method for comparing the level of the 442 and 446 output
respective digital signals cor-  input signal with a predetermined level,
or the conven- responding to the peak value of the acceleration  tional
apparatus employs a second method for con- signal Sa, the increasing period
Tw and the at-  verting the input signal into the digital signal and de-
tenuating period Tr to the registers 453, 452 and   5o  tecting the above
periods and the peak value by use 451, and these digital signals are used
as the mu-  of a software process. sical tone control data. More
specifically, the   Since a dynamic range is relatively small, it is dif-
data stored in the register453 are used as thevol-  ficult that the above
first method extracts (ordetects) ume data VOL forcontrolling the tone
volume, the  a slow movement and a rapid movement of a human data stored in
the register 452 are used as attack  55  body as well. In the above second
method, it is diffi- data ATK for designating a rising timing when the
cult to detect a rapid variation of the Input signal with musical tone Is
started to be generated, and the  accuracy because of an executing speed of
the CPU. data stored in the register 451 are used as close  More
specifically, a large quantity of information must 15    29
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be required for detecting the characteristics of the in-   For example, the
angle of the player's arm put signal, hence, the general CPU can not follow
up  controls the key code for designating the tone the rapid variation of
the input signal. In addition, in  pitch, and the swing movement of the
drum stick the case where the apparatus is constituted so that  402
controls the key-on timing (I.e., the start tim- the characteristics of the
acceleration are detected in   5  ing for generating the musical tone) and
the en- the X-axis direction, the Y-axis direction and the Z-  velope of
the musical tone in an attack portion, a axis direction, the CPU in each
direction must be re-  peak portion and a decay portion. Fig. 22Ashows
quired in order to raise the processing speed and the  the player who
swings the drum stick 402 down- processing accuracy. Thus, the conventional
appara-  ward by an arm angle of [err] and Fig. 22B shows tus suffers
problems in that the constitution thereof  10  the player who swings the
drum stick 402 down- must be complicated and the cost thereof must be
ward by an arm angle of S2. Thus, the player can raised.
generate the musical tone having a desirable On the contrary, the peak time
of the Input signal  tone pitch and a desirable tone volume envelope (the
acceleration signal Sa) is detected by comparing  which corresponds to his
arm angle and the the level of the input signal with that of the delayed
In-  15  swing direction of the drum stick 402. Therefore, put signal In
the first embodiment. Hence, the first  It Is possible to realize a
brand-new performance embodiment can detect the peak time and the peak
operation and a brand-new performance effect value of the inputsignal based
on a real time and with  which could not been obtained by the convention-
accuracy without using the CPU. In addition, the first  al apparatus.
embodiment can detect the acceleration increasing  20   Next, description
will be given with respect to period and the acceleration attenuating
period with  the angle sensor for detecting the arm angle. accuracy because
the level of the reference voltage     Fig. 23 shows an example of the
angle sen- Vref varies in response to that of the input signal.  sorwhich
is mounted ata predetermined position of a specific wear. In Fig. 23, [err]
desig- (4) MODIFIED EMBODIMENTS OF THE             25      nate angle
sensors for detecting angles between EMBODIMENT
the arm and the body of the player. As shown In Fig. 24, each of the angle
sensors [err] Next, description will be given with respect to  Is
constituted by a rotary type potentiometer480, modified embodiments of the
first embodiment.       an actuator 481 Interlocked with a moving termi-
(a) FIRST MODIFIED EMBODIMENT            30      nal of the potentiometer,
a receiving member 482 The digital signals respectively outputted   for
receiving the actuator 481 which can be slid from the A/D converters
427,442 and 446 can be   freely and a spring 483 for pressing the actuator
used for controlling other parameters of the mu-  481 against the receiving
member 482. When a sical tone such as the tone pitch, the tone color,
relatively revolving movement is existed between the regist, the
performance speed (or the tempo)  35  the receiving member 482 and the
potentiometer of an automatic rhythm performance apparatus     480, the
actuator 481 must revolve by a revolving and the like.
number corresponding to the revolving move- (b) SECOND MODIFIED EMBODIMENT
mentwith respectto the potentiometer480. Thus, It is possible to constitute
the first embodi-  the angle signal can be obtained from the poten- ment
such that a musical tone generation due to  40  tiometer 480. the
acceleration sensor 1X corresponds to a          In Fig. 23, the
potentiometer 480 is fixed at snare drum tone and a high hat open tone, and
a  the shoulder of the player, and the receiving musical tone generation
due to the acceleration  member 482 is fixed at an upper arm portion.
sensor 1Y corresponds to a bass drum tone and    Hence, the potentiometer
480 outputs an angle a high hat close tone. Accordingly, it is possible  45
signal corresponding to the arm angle in the right to generate a rhythm
tone by swinging the drum   and left directions of the player's body. As
shown stick 402 in horizontal and vertical directions.  In Fig. 22, it is
possible to detect the arm move- Thus, it is possible to generate two kinds
of    ment in the forward and backward directions of rhythm tones in a
short time by rapidly changing  the player's body by changing the mounted
pos- the swing direction of the drum stick 402 from the  50  itions of the
angle sensors [err]. horizontal direction to the vertical direction, for
In addition, as shown in Fig. 23, angle sen- example.
sors [err] are further provided so that the (c) THIRD MODIFIED EMBODIMENT
key code can be determined based on the com- According to a third modified
embodiment, a   bination of the output signals of the angle sensors various
musical tone control can be done by use  55  [err] In this case, it is
possible to select the of the musical tone control apparatus combined   key
code in a wide tone range, and it is also pos- with the angle sensor for
detecting angles of the  sible to rapidly vary the key code. Thus, a brand-
player's arm and the like.                       new performance effects
can be obtained. As an 16    31                  EP 0 264 782 B1
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example, Fig. 25 shows a movement of the angle        generating a start
signal (INT in Fig. 16, Vi In sensor [err] mounted at the player's el-
Fig. 1) which triggers the generation of each bow.
musical tone at each time when the detected Incidentally, 490 shown in Fig.
23 designates     degree of acceleration or its time integral val- a case
which provides the circuit shown in Fig. 16   5  ue has exceeded a
predetermined value (Vref and the sound system therein. When such case
in Fig. 16, Vr1 In Fig. 1) and with means (36, is mounted to the player
asshown In Fig. 23, it be-   37, 38; 425, 427, 453, 430, 442 452) for gen-
comes functional to operate such case. In this        erating control data
for controlling the charac- case, the tone generator, the sound system and
teristic of said musical tone based on the the like can be provided to the
case externally.   10  movement of said part, and As another example of the
angle sensor, it is     e) the musical tone generating means includ-
possible to use ultrasonic transmitters 495a and     ing means to generate
the musical tone signal 496a and ultrasonic receivers 495b and 496b as
corresponding to the movement of the part shown in Fig. 26. In this case,
the arm angle can     based on the musical tone control data at be detected
based on the transmitting time of the   15  each time the start signal is
generated to trig- ultrasonic waves which are transmitted between
ger the musical tone generation. the ultrasonic transmitters 495a and 496a
and the ultrasonic receivers 495b and 496b.         2. A musical tone
control apparatus according to (d) FOURTH MODIFIED EMBODIMENT
claim 1 wherein the detecting means detects a In the first embodiment shown
in Fig. 16, the   20  degree of an acceleration generated In response
acceleration sensors IX, 1Y and 1Z are provided    to a swing movement of
an object. within the drum stick 402. Instead, acceleration sensors can be
mounted directly or indirectly at  3. A musical tone control apparatus
according to several portions of the player's body such as      claim 1
wherein said detecting means has a stick hands, feet, a neck, arms and the
like. In this  25  shape (402). case, the accelerations at the above
portions of the player's body will be detected.             4. A musical
tone control apparatus according to Fig. 27 shows an example of such
accelera-     claim 2 wherein said musical tone control data tion sensor
which is mounted at the glove for the  represent a start signal (INT)
indicating a start player's hand. As shown in Figs. 27 and 28, the   30
timing for generating a musical tone. acceleration sensors IX, IY and 1Z
and the like are mounted at respective finger tip portions of a  5. A
musical tone control apparatus according to glove 498. Due to such
constitution, it is possible  claim 1 wherein said musical tone control
data In- to detect several accelerations in response to the  cludes data
indicating a tone volume and/or a swing movement of the player's hand etc.
Hence,  35  tone color. the player can perform several kinds of perfor-
mances by his daily movement without using the  6. A musical tone control
apparatus according to musical instruments such as the drum stick 402.
claim 1 or2 further including sensor means (Figs. 26 to 29) for detecting
40           a movement parameter other than that of Claims
said detecting means, a tone pitch or a tone color of said musical tone
signal being controlled 1. A musical tone control apparatus comprising:
based on a detecting resultof said sensormeans, a) detecting means (11;
402) Including an ac-    and an envelope of said musical tone being con-
celeration sensor mountable on or holdable  45  trolled based on the
detecting result of said de- by a part of a player for detecting the degree
tecting means. of acceleration which is generated in re- sponse to a
movement of said part;           7. A musical tone control apparatus
according to b) musical tone control means (39; 450) cou-     claim 1 or 2,
further comprising: pled to the detecting means (11) for generat-  50  (f)
first detecting means (15) for outputting a ing musical tone control data
in response to       first detection signal when an output level of the
detected degree of the acceleration; and       said acceleration sensor
means becomes c) musical tone generating means (41; 460)         higher
than a predetermined first level; coupled to the musical tone control means
(g) second detecting means (25, 29) for out- (39) for generating a musical
tone signal,  55     putting a second detection signal when a level
characterized by                                   of a higher harmonic
component included in d) the musical tone control means being pro-
the output signal of said acceleration sensor vided with start signal
generating means for       means becomes higher than a predetermined 17
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example, Fig. 25 shows a movement of the angle        generating a start
signal (INT In Fig; 16, VI In sensor [err] mounted at the player's el-
Fig. 1) which triggers the generation of each bow.
musical tone at each time when the detected Incidentally, 490 shown in Fig.
23 designates     degree of acceleration or its time integral val- a case
which provides the circuit shown in Fig. 16   5  ue has exceeded a
predetermined value (Vref and the sound system therein. When such case
In Fig. 16, Vr1 In Fig. 1) and with means (36, is mounted to the player as
shown In Fig. 23, It be-  37, 38; 425,427,453, 430, 442, 452) for gen-
comes functional to operate such case. In this       erating control data
for controlling the charac- case, the tone generator, the sound system and
teristic of said musical tone based on the the like can be provided to the
case externally.   10  movement of said part, and As another example of the
angle sensor, It is     e) the musical tone generating means includ-
possible to use ultrasonic transmitters 495a and     ing means to generate
the musical tone signal 496a and ultrasonic receivers 495b and 496b as
corresponding to the movement of the part shown in Fig. 26. In this case,
the arm angle can     based on the musical tone control data at be detected
based on the transmitting time of the   15  each time the start signal is
generated to trig- ultrasonic waves which are transmitted between
ger the musical tone generation. the ultrasonic transmitters 495a and 496a
and the ultrasonic receivers 495b and 496b.        2. A musical tone
control apparatus according to (d) FOURTH MODIFIED EMBODIMENT
claim 1 wherein the detecting means detects a In the first embodiment shown
in Fig. 16, the   20  degree of an acceleration generated in response
acceleration sensors 1X, 1Y and 1Z are provided   to a swing movement of an
object. within the drum stick 402. Instead, acceleration sensors can be
mounted directly or indirectly at  3. A musical tone control apparatus
according to several portions of the player's body such as      claim 1
wherein said detecting means has a stick hands, feet, a neck, arms and the
like. In this  25  shape (402). case, the accelerations at the above
portions of the player's body will be detected.            4. A musical
tone control apparatus according to Fig. 27 shows an example of such
accelera-     claim 2 wherein said musical tone control data tion sensor
which is mounted at the glove for the  represent a start signal (INT)
indicating a start player's hand. As shown in Figs. 27 and 28, the   30
timing for generating a musical tone. acceleration sensors IX, 1Y and 1Z
and the like are mounted at respective finger tip portions ofa  5. A
musical tone control apparatus according to glove 498. Due to such
constitution, it Is possible  claim 1 wherein said musical tone control
data in- to detect several accelerations in response to the  cludes data
indicating a tone volume and/or a swing movement of the player's hand etc.
Hence,  35  tone color. the player can perform several kinds of perfor-
mances by his daily movement without using the  6. A musical tone control
apparatus according to musical instruments such as the drum stick 402.
claim 1 or2further including sensormeans (Figs. 26 to 29) for detecting 40
a movement parameter other than that of Claims
said detecting means, a tone pitch or a tone color of said musical tone
signal being controlled 1. A musical tone control apparatus comprising:
based on a detecting result of said sensor means, a) detecting means (11;
402) including anac-    and an envelope of said musical tone being con-
celeration sensor mountable on or holdable  45  trolled based on the
detecting result of said de- by a part of a player for detecting the degree
tecting means. of acceleration which is generated in re- sponse to a
movement of said part;           7. A musical tone control apparatus
according to b) musical tone control means (39; 450) cou-    claim 1 or 2,
further comprising: pled to the detecting means (11) for generat-  50  (f)
first detecting means (15) for outputting a ing musical tone control data
in response to      first detection signal when an output level of the
detected degree of the acceleration; and       said acceleration sensor
means becomes c) musical tone generating means (41; 460)         higher
than a predetermined first level; coupled to the musical tone control means
(g) second detecting means (25, 29) for out- (39) for generating a musical
tone signal,  55     putting a second detection signal when a level
characterized by                                   of a higher harmonic
component included in d) the musical tone control means being pro-
the output signal of said acceleration sensor vided with start signal
generating means for       means becomes higherthan a predetermined 17
11111111 111111 111111111111111 * C    L M    S *   
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tion signals become identical to said predeter- (h) hold means (36, 37) for
holding said higher      mined level: harmonic component level when both of
said           (j) hold means (36, 37) for holding a peak val- first and
second detection                           ue of said higher harmonic
component in re- signals are outputted respectively from    5   sponse to a
timing of said second detection said first and second detecting means; and
signal; (i) first means (41) for generating firstmusical     (k)
analog-to-digital converter means (38) for tone control data which control
a musical tone       converting said peak value of said higher har- signal
based on a detecting result of said first     monic component into digital
data represent- detecting means.                         10         Ing
said intensity of Impulse; and (I) central processing means (39) for
convert- 8. A musical tone control apparatus according to           ing
said digital data into tone pitch data repre- claim 7 further comprising
changing means (39)          senting a tone pitch of a musical tone in re-
for changing or suppressing said first musical          sponse to the
timing of said Interrupt signal. tone control data based on impulse data
repre-   15 sentative of a detected intensity of Impulse cor-  13. A
musical tone control apparatus according to responding to an output level
of said hold means.    claim 12 wherein said acceleration sensor means (11)
has. a vibrator which is made from an Inor- 9. A musical tone control
apparatus according to        ganic material such as a piezoplastic having
a claim 7 further comprising control means (39) for  20  piezoelectric
characteristic. controlling said first musical tone control data based on
impulse data representative of a detect-  14. A musical tone control
apparatus according to ed intensity of Impulse corresponding to an out-
claim 13 wherein said first detecting means com- put level of said hold
means.                        prises: 26         (a) first low-pass filter
means (14) for extract- 10. A musical tone control apparatus according to
Ing a first signal from said output signal of said claim 7 further
comprising second means (39) for        acceleration sensor means, said
first low- generating second musical tone control data (err)        pass
filtermeans having a first time constant; other than said first musical
tone control data         (b) second low-pass filter means (18) for ex-
based on Impulse data representative of a detect-  3o  tracting a second
signal from the outputsignal ed intensity of impulse corresponding to an
out-        of said acceleration sensor means, said sec- put level of said
hold means.                           ond low-pass filter means having a
second time constant which Is larger than said first 11. A musical tone
control apparatus according to          time constant; claim 10 wherein
said second musical tone con-  35      (c) means (19,20)forgenerating
saldfirstref- trol data (err) represent a tone volume, a tone col-
erence signal based on a predetermined first or or a tone pitch of a
musical tone.                   reference voltage and said second signal;
and (d) comparator means (15) for comparing the 12. A musical tone control
apparatus according to          level of said first signal and that of said
first claim 1 or 2, further comprising:           40          reference
signal so as to output said first de- (f) first detecting means (14, 15,
18,19,20) for    tection signal the level of which becomes said outputting
a first detecting signal the level of     predetermined level while the
level of said which becomes a predetermined level while           first
signal becomes higher than that of said an output level of said
acceleration sensor          first reference signal. means becomes higher
than a level of a first  45 reference signal;
15. A musical tone control apparatus according to (g) amplifier means (25,
27) for amplifying a     claim 14 wherein said second time constant is set
higher harmonic component Included within         approximately ten times
of said first time con- the output signal of said acceleration sensor,
stant. (h) second detecting means (29, 31, 33, 34)  5o for outputting a
second detection signal the   16. A musical tone control apparatus
according to level of which becomes a predetermined level      claim 12, 14
or 15 wherein said amplifier means while the output level of said amplifier
means    comprises: becomes higher than a level of a second ref-        (a)
high-pass filter means (27) for extracting erence signal;
55          said higher harmonic component from the (i) interrupt signal
generating means (22, 23)       output signal of said acceleration sensor
forgenerating an interrupt signal representing       means; and that both
levels of said first and second detec-    (b) an ampilfier(25)
foramplifying said higher 18   



35                  EP 0 264 782 B1                 36 harmonic component.
for outputting a first detection signal the level of which becomes a
predetermined level while 17. A musical tone control apparatus according to
an output level of said acceleration sensor claim 16 wherein said second
detecting means          means becomes higher than a level of a first
comprises:                                 5         reference signal; (a)
third low-pass filter means (33) forextract-   (c) amplifier means (25, 27)
for amplifying a Ing a third signal from the output signal of said  higher
harmonic component Included within acceleration sensor means (11);
the output signal of said acceleration sensor; (b) means (31, 34) for
generating said second      (d) second detecting means (29, 31, 33, 34)
reference signal based on a predetermined   10     for outputting a second
detection signal the second reference voltage and said third sig-
level of which becomes a predetermined level nal; and
while the output level of said amplifier means (c) comparator means (29)
for comparing the        becomes higher than a level of a second ref- level
of said second reference signal and that     erence signal; of the output
level of said amplifier means so   15  (e) Interrupt signal generating
means (22,23) as to output said second detection signal the
forgenerating an Interrupt signal representing level of which becomes said
predetermined          that both levels of said first and second detec-
level while the output level of said amplifier     tion signals become
indentical to said prede- means becomes higher than that of said sec-
termined level; ond reference signal.                   20         (f) hold
means (36, 37) for holding a peak val- ue of said higher harmonic component
in re- 18. A musical tone control apparatus according to          sponse to
a timing of said second detection claim 17 wherein said Interrupt signal
generating     signal; means comprises:
(g) analog-to-digital converter means (38) for (a) flip-flop means (23) for
storing said first  25  converting said peak value of said higher har-
detection signal in response to a timing of said   monic component into
digital data represent- second detection signal, said flip-flop means
Ing said Intensity of impulse; being reset by said central processing means
(h) central processing means (39) for convert- (39) when both levels of
said first and second     Ing said digital data Into tone pitch data repre-
detection signals become identical to a level  30  senting a tone pitch of
a musical tone in re- other than said predetermined level; and
sponse to the timing of said Interrupt signal; (b) AND gate means (22) for
generating said        and interrupt signal by use of said first detection
(I) musical tone generating means (41, 43) for signal and the output signal
of said flip-flop     generating a musical tone based on said tone means
based on an AND operation.        35          pitch data. 19. A musical
tone control apparatus according to   21. A musical tone control apparatus
comprising: claim 12 wherein said hold means comprises:           (a)
detecting means (Sa) for detecting the de- (a) analog switch means (36) for
passing           gree of accerlation which is generated in re- through the
output signal of said amplifier  4o    sponse to a movement of an object
means at every time when the level of said         (b) musical tone control
means (126 - 131) second detection signal becomes identical to
coupled to the detecting means (Sa) for gen- said predetermined level, said
analog switch       erating musical tone control data in response means
being turned off while the level ofsaid      to the detected degree of the
acceleration; second detection signal becomes identical to  45   and a
level other than said predetermined level;       (c) musical tone
generating means (132) cou- and
pled to the musical tone control means (126 - (b) capacitor means (37) for
holding the output     131) for generating a musical tone signal in level
of said analog switch means.                 response to the musical tone
control data, 50         characterized by 20. A musical tone control
apparatus according to        (a) a first Integration circuit (102) for
Integrat- clalm 1 or 2 wherein the object is a predetermined    ing an
acceleration signal (Al) outputted from part of a human body and, so as to
generate a mu-     said acceleration detector (Sa) so as to con- sical tone
signal based on an intensity of impulse    vert said acceleration signal
into a speed sig- generated at a time when the predetermined part  55   nal
representing a speed of movement of said collides with another object, the
apparatus fur-      object; ther comprises:
(b) a second Integration circuit (108) for inte- (b) first detecting means
(14, 15, 18, 19, 20)     grating said speed signal so asto convertsaid 19
1111111 1111111  11111 111111 * C   L   M   S *  
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a distance signal represent-    claim 23 wherein said predetermined period
is Ing a distance of movement of said object;        Identical to a period
when said acceleration of (c) control means (CTL) for controlling inte-
said object is increasing. gration actions of said first and second inte-
gration circuits (102, 108) based on a level of   5   25 A musical tone
control apparatus according to said acceleration signal in a period when
said    claim 21 or 23 wherein said control means in- acceleration of said
object is increasing, and    cludes: for outputting an interrupt signal
when said         (a) means (116) for outputting a pulse signal
acceleration increasing period is ended;             the pulse width of
which corresponds to a per- said musical tone control means (126-  10
lod when said acceleration of said object Is In- 131) Including means (126
- 129, 131) convert-          creasing; ing, storing and outputting said
speed and dis-        (b) delay means (122) for delaying a trailing tance
signals to said musical tone generating           edge timing of said pulse
signal so as to en- means (132) as control data for controlling the
large said pulse width of said pulse signal by characteristics of a musical
tone to be generated   15  a predetermined time; and thereby.
(c) Integration action control means (106, 113) for controlling the
Integration action of said 22. A musical tone control apparatus according
to          first and second Integration circuits (102, claim 21 wherein
said first Integration circuit         108), said first and second
integration circuits (102) comprises a first operational amplifier  20
performing the integration actions thereof (103), a first resistor (104)
and a first capacitor     during a pulse width period of an output signal
(105) and said second integration circuit (108)         of said delay
means. comprises a second operational amplifier (109), a second resistor
(111) and a second capacitor   26. A musical tone control apparatus
according to (112), said acceleration signal being inputted Into  25  claim
25 wherein said Integration action control an inverting inputterminal of
said firstoperational  means consists of first and second reed relays,
amplifier via said first resistor, said first capacitor  said first
capacitor (105) being connected be- being connected between said inverting
input ter-   tween both contacts of said first reed relay (106), minal and
an output terminal of said first opera-    said second capacitor (112)
being connected be- tional amplifier whose non-inverting input termi-  3o
tween both contacts of said second reed relay nal is grounded, said speed
signal outputted form   (113), the contacts of said first and second reed
said output terminal of said first operational am-   relays being opened in
the pulse width period of plifier being inputted Into an inverting input
termi-  the output signal of said delay means, the con- nal of said second
operational amplifier via said   tacts of said first and second reed relays
being second resistor, said second capacitor being con-   35  closed In a
period other than said pulse width per- nected between said inverting input
terminal and    iod. an output terminal of said second operational am-
plifier whose non-inverting input terminal is    27. A musical tone control
apparatus according to grounded, and said distance signal being output-
claim 25 wherein said Integration action control ted from said output
terminal of said second op-  4o  means (116) comprises erational amplifier.
(a) an Integration circuit (119, 120) for delay- ing said acceleration
signal; and 23. A musical tone control apparatus according to          (b)
a comparator (117) for comparing the level claim 21 further comprising:
of said acceleration signal and that of a de- (f) second integration means
(108) for Inte-  45     layed acceleration signal outputted from said
grating the speed signal so as to convert the        integration circuit so
as to output said pulse speed signal into distance signal representing
signal the pulse width of which represents a a moving distance of the
object;                     period when the level of said acceleration sig-
(g) control means (106, 113, 116, 122) for con-      nal  is larger than
that of said delayed acceler- trolling integration actions of the first and
sec-  50  ation signal. ond Integration means based on a level of the
detected degree of the acceleration in a pre-  28. A musical tone control
apparatus according to determined period; and
claim 24 wherein the control means (CTL) con- (h) the musical tone
generation means (132)       trols the integration actions of the first and
sec- generating a musical tone signal in accor-  55    end integration
means based on a level of the de- dance with said distance signal.
tected degree of the acceleration during an accel- eration increasing
period when the acceleration 24. A musical tone control apparatus according
to       of the object is increasing. 20  
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6. Musiktonstbuervorrichtung nach Anspruch 1 odor 2 mit zusitzlichen
Sensormittein (Figuren 1. Musiktonsteuerungsvorrichtung, die folgendes
26 bis 29) zum Nachwels sines Bewegungspara- aufweist:
meters, der anders ist als dedenige der Nach- (a) Nachwelsmittel (11; 402),
die oinen Be-   6  weismittel, wobei sine Tonhdhe oder i(angfarbe
schlsunlgungesensor enthalten, der an elnem    des Muslktonsignals auf der
Grundlage sines Korpertell sines Spiolers bofestigt lot odervon
Nachwelsergebnlsses der Sensormittel und elne diesem gehalten wird, zum
Feststellen des       HOlikurve des Musiktones auf der Grundlage des Grades
der. Beschleunlgung, die im Anspre-     Nachweisergebnisses der
Nachweismittbl ge- chen auf sine Bewegung des besagten Telios  to  stbuert
werden. erzeugt wird; (b) Musiktonsteuormittel (39; 450), die mit  7.
Musiktonstouervonichtung nach Anspruch I den Nachweismitteln (11) verbunden
sind, um    oder 2, die augerdem foigendes aufwelst: Musiktonstbuerdaten Im
Ansprechen auf den         (f) orate Nachweismittel (15), um sin erates
festgestellten Grad derBeschlunigung zu or-  i8  Nachweissignal suezugeben,
wenn eln Aus- zeugen; und                                       gabepegel
der Beschleunbgungssensormttel (c) Muslktonerzeugungsmittl (41; 460), die
hoher wird als sin vorgegebener erster Pegel; mit den Musiktonsteuermitteln
(39) zur Er-        (g) zwelte Nachweismbttel (25,29), urn sin zwei-
zeugung sines Musiktonsignales verbunden          teo Nachweissignal
auszugebon, wenn sin Pe- sind, gekennzeichnet dadurch, daB      20
gel elner In dem Ausgabesignal dieser Be- (d) die Musiktonsteuermittel mit
Startsignal-     schlounigungasensormittel enthaltenen hohe-
erzeugungsungsmittein zur Erzougung sines         ren harmonischen
Teilschwingung h8her wird Startsignals (INT in Fig. 16, VI In Fig. 1), wel-
als sin vorgegebener zweiter Pegel; ches die Erzeugung jeden Musiktones
jodes-        (h) Haltemittel (36, 37), um dlesen hoheren mal auslOst, wenn
der festgestillte Grad der  25  harmonischen Tellschwingungspegel zu hal-
Beschleunigung odor sein Zeltintegralwert ei-     ten, wenn sowohl die
ersten als much die zwel- nen vorgegebenen Wert (Vref in Fig. 16, Vr1
ton Nachweissignale jeweols von diesen or- in Fig. 1) iberschrittbn hat,
und mit Mittoin     sten und zwelbtn Nachweismitlein ausgege- (36, 37, 38;
425,427,453,430, 442, 452) zur       ben werden; und Erzeugung von
Steuerdaten zur Stbuerung   30      (1) erste Mittel (41) zur Erzeugung
orator der Elgenschaften dieses Musiktones auf der
Musiktonstouerdamtn, welche sin Musiktonal- Grundlage der Bewegung des
besagton Tel-          gnal aufder Grundlage sines Nachweisergeb- les
versehen sind, und                            nisses der erston
Nachwelsmittel stbuern. (e) die Musiktonerzeugungsmittel Mittel ent-
halten, um das der Bewegung des Telles ent-  S5  8.
Musiktonsteuervorrichtung nach Anspruch 7, sprechende Muslktonsignal aiuf
der Grundla-     die aullerdem Anderungamittel (39) aufwelst ge der
Musiktonsteuerdaten zu erzeugen je-      zur Anderung odor Unterdrickung
der ersten desmal, wenn das Startsignal erzougt wird,
Musiktonsteuerdaten auf der Grundlage von Im- um die Musiktonerzeugung
auszulsen.            pulsdaten, die fflr sine elnem Ausgabepegel die- 40
ser Haltbmittel entsprechende nachgewiosene 2. Musiktonstouervorrichtung
nach Anspruch 1, bei     Impulsstarke reprasentativ sind. der die
Nachweismittel oinen im Ansprechen auf sine Schwingungsbswegung sines
Telles er-      9. Musiktonstouervorichtung nach Anspruch 7, die zeugten
Grad einer Beschleunigung feststellen.    aurerdnm Stbuermittbl (39)
aufwelst zur Steue- 45     rung der oreten Musiktonstbuerdaten auf der 3.
Musiktonsteuervorrichtung nach Anspruch 1, bel     Grundlage von
Impulsdatbn, die fOr sine elnem der die Nachweismittdl die Form sines
Stabes      Ausgabepegel der Haltmittel entsprechende (402) aufweisen.
nachgowlesene Impubestarke reprasentativ sind. 4. Musiktonstbuervorrichtung
nach Anspruch 2, bel  so  10. Musiktonsteuervorrichtung nach Anspruch 7,
die der die Musiktonsteuerdaten sin sine Startzeit-   zweite Mittel (39)
aufwelstzur Erzeugung zweibtr steusrung anzelgendenes Startsignal (INT) zur
Musiktonsteuerdaten (Dp), die sich von den or- Musiktonerzeugung
darstellen.                     sten Musiktonsteuerdaten untbrscheoden,
aufder Grundlage von Impulsdaten, die fir elne elnem 5.
Muslktonsteuervorrichtung nach Anspruch 1, bei  u5  Ausgabepegel der
Halemitbtl entsprechende der die Musiktonstouerdaten Daten enthalten,
nachgowlesene Impulsastirke reprlsentativ sind. die sine Lautstarke
und/oder sine Klangfarbs kennzelchnen.                                  11.
Musiktonstbuervorrichtung nach Anspruch 10, 21 c 1111111111111 1111  
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Musiktonsteuerdaten (Dp) ei-     zweltes Signal aus dim Ausgabosignal der
ne Lautstfirke, Bine Kiangfarbe oder sine Tonh5-
Beschleunigungssensormittel  auszuflltern, he sines Musiktones
reprasentieren.                  wobei die zweiten Tiefpalfiltermittel
esine zwelte Zeitkonstante aufwelsen, die gr81er 12.
Musiktonsteuervorrlchtung nach Anspruch 1   5        ala die erste
Zeitkonstante st; oder 2, die augerdem fbigendes aufwelst:             (c)
Mittel (19, 20) zur Erzeugung des ersten (f) erste Nachweismittel (14, 15,
18,19, 20),      Verglelchasignales auf der Grundlage slner urn sin erstes
Nachweissignal mit elnem vor-       vorgegebenen erstsn Referenzspannung
und gegebenen Pegel auszugeben, wahrend sin            des zweitsn Signals;
und Ausgabepegel der Beschleunigungesensor-  1o       (d) Verglelchmittel
(15), urn den Pegel desersten mittil h6her wird als sin Pegel sines ersten
Signals und den des ersten Verglielchsignals zu Vergelohassignals;
verglelchen, so daM das erste Nachweilssignal (9) Verstirkermittel (25,
27), um sine in dem      mit einem vorgigebenen Pegel ausgegeben
Ausgabesignal des Beschleunigungasensors           wlrd, wahrend der Pegel
des ersatn Signals ho- enthaltene h8here harmonische Tellachwin-  16
her wird ala der des eraten Verglelchsignals. gung zu verstarken; (h)
zweite Nachweismittil (29, 31,33, 34), um  15 Musilktonstuervorrichtung
nach Anspruch 14, sin zwelts Nachweissignai mit einem vorge-     bei der
die zweite Zeitkonstante annahemd auf gebenen Pegel auszugeben, wahrend der
das Zehnfache der ersatn Zeltkonstantb einge- Ausgabepegel der
Verstarkermittel h6her  20     stelit ist. wird als sin Pegel sines zweiten
Vergleichssi- gnals;                                       16.
Musiktonstsuervorrichtung nach Anspruch 12, (I)
Unterbrechungssignalerzeugungsmlttbl       14oder 15, bel derdle
Verstirkermittel foigendes (22, 23), um sin Untbrbrechungssignal zu er-
aufweisen: zeugen, das anzeigt, daB sowohi der Pegel  25      (a)
Hochpalfiltermittel (27), um die h8here des ersten als such das zweiten
Nachwelssl-        harmonische Tellschwingung aus dim Ausga- gnals mit dim
vorgegebenen Pagel Identisch         besignal der Beschlunigungssensormittl
werden;                                            auezuflitern; und ()
Halternittel (36, 37), um einen Glpfelwert      (b) einen Verstarker (25)
zur Verstarkung der der hoheren harmonischen Teiischwingung   30
hoheren harmonischen Tellachwingung. Im Ansprechen auf sine Zeitsteuerung
des zweiten Nachwelssignals zu halten;           17.
Musiktonstauervorrichtung nach Anspruch 16, (k)
Analog/Digital-Wandiermittel (38), um den   bei der die zwelten
Nachwelsmittbl foigendes Gipfelwert der hoheren harmonlschen Tell-
aufweisen: schwingung In die Impulsstarke reprasentle-  35    (a) dritte
Tiefpalfiltermittsi (33), um sin drit- rinds Digitaidaten umzuwandeln; und
tea Signal aus dim Ausgabesignal der Be- (I) Zentrairechnermittel (39), um
die Digitaida-   schleunigungssensormittel (11) auszufilbtrn; ten in sine
Tonhohe sines Musiktones repri-        (b) Mittel (31, 34) zur Erzeugung
des zweiten sentlerende Tonhohedatbn im Ansprechen
Vergleichssinals auf der Grundlage einer auf die Zeltsbtuerung des
Unterbrechungssi-  4o    vorgegebenen zwelten Referenzapannung gnals
umzuwandsin.                                 und des drittbn Signals; und
(c) Vergielchmittbl (29), um den Pegel des 13 Musiktonastuervorrichtung
nach Anspruch 12,           zweiten Verglelchssignals und den des Aus- bei
der die Beschleunigungssensormittel (11) ei-      gabepegels der
Verstirkermittbl zu verglel- nen Schwingungserzeuger aufweisen, der aus
45      chen, so daB das zweibt Nachwelssignal mit einem anorganischen
Material, wie beispielawel-       einem  vorgegebenen Pegel ausgegeben as
elnem Piezokunststoff mit piezoelektrischen        wird, wahrend der
Ausgabepegel der Verstir- Eigenschaften, hergestellt lst.
kermittsi hoher wird ala der des zweiten Ver- gleichssignals. 14.
Musiktonsteuervorrichtung nach Anspruch 13,  6o bel der die ersten
Nachwelsmittel folgendes auf-  1& Musiktonstauervorrichtung nach Anspruch
17, weisin:                                            bel der die
Unterbrechungssignalerzeugungsmit- (a) ersbt Tiefpa~filtermittel (14), urn
sin erstes  til aufweisen: Signal aus dim Ausgabesignal der Beschleu-
(a) Flip-Flopmittil (23) zur Spelcherung des nigungasensormittil
auszuflitern, wobei die  ss    ersten Nachwelasignals Im Ansprechen auf
ersten Tiefpalfiltermittel sine erats Zeitkon-     sine Zeitsteuerung des
zweiten Nachweissi- stante aufweisen;
gnals, wobel die Flip-Fiopmittl durch die (b) zweite Tiefpalfiltermittel
(18), um sin        Zentralrechnermittel (39) zurfckgestellt wer- 22  
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Pegel des ersten als         Gipfeiwert der hoheren harmonischen Tell- such
des zweiten Nachwelssignals glelch el-       schwingung in die Impulsstarke
reprasentie- nem Pegel werden, der nicht der vorgegebe-        rende
Digitaldaten urnzuwandeln; ne Pegel ist; und
(h) Zentralrechnermittel (39), um die Digital- (b) UND-Gattermittel (22)
zur Erzeugung des   5   daten In sine Tonh8he sines Musiktones re-
Unterbrechungssignals mit Hilfe des ersten
prAsentlerendeTonhohedaten imAnsprechen Nachweissignals und des
Auagabesignals der        auf die Zeltsteuerung des Unterbrechungssi-
Fllp-Flopmittel auf der Grundiage alner UND-      gnais umzuwandein; und
Operation.                                        (I)
Musiktonerzeugungsmittel (41, 43) zur Er- 10        zeugung sines
Muslktones auf der Grundiage 19. Musiktonsteuervorrichtung nach Anspruch
12,         der Tonhohedaten. bel der die Haltemittel aufweisen: (a)
Analogachaltermittel (36), um das Ausga-  21. Musiktonstsuervorrichtung mit
besignal der Verstarkermittel jedesmal durch-     (a) Nachwelsmitteln (Sa),
urn den Beschleuni- zulelten, wenn der Pegel des zweiten Nach-  15
gungagrad, der Im Ansprechen auf sine Be- websignals glelch dem
vorgegebenen Pegel          wegung sines Objektes erzeugt wird, nachzu-
wird, wobel die Analogschaltermittel abge-        welsen; schaltet werden,
wahrend der Pegel des zwei-      (b) mit den Nachwelsmiteln (Sa) verbunde-
ten Nachweissignais gleich einem Pegel wird,      nen Musiktonsteuermitbein
(128-131) zur Er- der nicht der vorgegebene Pegel ist; und  20      zeugung
von Musiktonstsuerdaten Im An- (b) Kondensatormittel (37), um den Aus-
sprechen auf den festgestellten Beschleuni- gangspegel der
Analogschaltermittel zu hal-       gungsgrad; und ten.
(c) mitden Musiktonsteuemittein(128-131)ver- bundenen
Musiktonerzeugungsmktein (132) 20. Musiktonsteuervorrichtung nach Anspruch
1   25      zur Erzeugung sines Musiktonsignals im An- oder 2, bel der das
Objekt sin vorgegebener Teil     sprechen auf die Muslktonsteuerdaten, go-
sines menschlichen  Korpers ist und die              kennzelchnet durch
Musiktonsteuervorrichtung folgendes aufweist,       (a) sine erste
Integrationsachaltung (102), um urn sin Musiktonsignal auf der Grundlage
siner       sin von dem Beschleunigungsdstektor (Sa) Impulsstirke jedesmal
zu erzeugen dann, wenn   30    ausgegebenes Beschleunigungssignal (Ai) der
vorgegebene Tell mit elnem anderen Gegen-        so zu Integrieren, dag das
Beschieunigungs- stand zusarnmenstfit:
signal In sin sine Bewegungsgeschwindigkeit (b) erste Nachweismittel (14,
16, 18, 19,20),     des Objektes reprisentlerendes Geschwin- um sin erstes
Nachwelesignal mitvorgegebe-        digkeitssignal umgewandelt wird; nem
Pegel auszugeben, wahrend sin Ausga-  35      (b) sine zwelte
integrationsschaltung (108), bepegel der Beschieunigungssensormittel
um sin Geschwindigkeltssignal so zu integrie- hoher als sin Pegel des
ersten Vergleichssi-      ron, dae das Geschwindlgkeitssignal in sin ei-
gnals wird;                                       no Bewegungsdistanz des
Objsktes repra- (c) Verstirkermittel (25, 27) zur Verstarkung
sentierendes  Distanzslgnal urngewandelt einer in dern Ausgabesignal des
Beschleuni-  40   wird; gungssensors enthaltenen hoheren harmoni-
(c) Steuermittel (CTL), um Integrationsvor- schen Teilschwingung;
gange der orsten und der zweitn Integrati- (d) zweibt Nachweismittel (29,
31 33, 34), um     onsschaltung (102, 108) auf der Grundlage sin zweites
Nachweissignal mit vorgogebe-         sines Pegels des
Beschleunigungssignals in nem Pegel auszugebsni wahrend der Ausga-  45
einem Zeltraum zu stbuern, In dern die Be- bepegel der Verstirkermittel
hoher wird als       schleunIgung des Objektes zunimmt, und urn sin Pegel
sines zweiten Vergielchssignals;        sin Unterbrechungssignal
auszugebon, wenn (e) UntorbrechungssignalerzeugungsmittsI
derZeitraumder Beschleunigungszunahme be- (22, 23) zur Erzeugung sines
Untbrbre-            endet ist; wobel dise Musliktonsleuernmittl
chungssignals, welches anzeigt, daBl sowohl  50   (128-131) Mittel
(128-129, 131) enthalten, die der Pegel des ersten als such des zwelten
die Geschwindigkelt- und Distanzsignale um- Nachweissignals gleich dern
vorgegebenen          wandeln  und  speichern  und  an  die Pegel wird;
Musiktonerzsugungsmittsl (132) ale Steuer- (f) Halternittel (36, 37), um
einen Gipfelwsrt    daten ausgeben, um die Eigenschaften sines der h6heren
harmonischen Teiischwingung  55       dabel zu erzeugenden Muslktones zu
steu- Im Ansprechen auf sine Zeitsteuerung des          ern. zweiten
Nachweissignals zu halten; (g) Analog/Digital-Wandlernlittel (38), um den
22. Musiktonsteuervorrichtung nach Anspruch 21, 23 1 1111111 111111
1111111111111111 
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bei der die erste Integrationsschaltung (102) ei-    gern, dafB die
Impulsbreite des Impulssignals non ersten Operationsverstirker (103), eonen
er-     um elne vorgegebene Zeit vergr8Boert wird; sten Widerstand (104)
und einen ersten Konden-       und sator (105) aufweist, und die zweite
Integrations-   (c) Integrationssteuermittel (108, 113), um die schaltung
(108) einen zweiten Operationsver-   6     Intregrationsvorgange der erston
und der starker (109), einen zweltbn Widerstand (111)        zwelten
Integrationsschaltungen (102, 108) und einen zwelten Kondensator (112)
aufweist,        zu stbuern, wobei die erste und die zwelte In- wobei das
Beschleunigungssignal dem invertie-        togrationsachaltung ihre
IntegrationsvorgAn- renden Eingabeanschlul des ersten Operations-        ge
wahrend der Periods ofner Impulebrelte oi- vertarkers Ober den ersten
Widerstand elngoge-  0o   nes Ausgabesignals der Verzogerungsmittdl ben
wird, der erste Kondensator zwischen den In-     durchflhron. vertlerenden
EingabeanschluM und oinen Ausga- beanschluS des eraton
Operationsverstarkers    26. Musiktonsteuervorrichtung nach Anspruch 25,
mit geerdterm nichtinvertierondem Elngaboan-      bel der die
Integratlonssbtuermittdl aus ersten schluB geschaltet ist des von dem
Ausgabean-  15  und zwelten Reed-Relals bestohen, wobel der er- schluS des
erston Operationsverstarker ausge-     ste Kondensator (105) zwischen belde
Kontakto gebene Geschwindigkeltesignal dem invertleren-    des ersten
Reed-Relala (108) geschaltet bst, der den Eingabeanschlug des zweiten
Operations-       zwelte Kondensator (112) zwischen belde Kon- verstirkers
Ober den zweiten Widerstand singe-    takte des zwelten Reed-Relals (113)
geschaltat geben wird, der zweite Kondensator zwlschen  20   let, die
Kontakte des ersten und zwelten Reed- den invertierenden EingabeanschluB
und eonen      Relais in der Impulsbreltenperlode des Ausgabe-
Ausgabeanschlul& des zweiten Operationaver-       signals der
Verzogerungsmittel gedffnet werden stirkers mit geerdetem
nichtinvertierenden Ein-   und, die Kontakte des ersten und zwelbtn Reed-
gabeanschiuS geschaltet ist, und des DIbtanzsi-    Relais in siner Periode,
die nicht die Impulsbrel- gnal von dem AusgabeanschluB des zwelten   25
tenperiode lst, geschlossen werden. Operationsverstarkers ausgegeben wird.
27. Muslktonstouervorrichtung nach Anspruch 25, 23.
Musiktonstuervorrichtung nach Anspruch 21,        bel der dle
lntegrationssteuermittel (118) folgen- die aulerdem folgendes aufweist:
des aufwelsen: (f) zweite Integrationsmittel (108), um des Ge-  30  (a)
elne Integrathonsachaltung (119, 120) zur schwindigkeitssignal so zu
integrieren, daB       Verzogerung des Beschleunigungssignals; das
Geschwindigkeitssignal in ein e.ne Bewe-      und gungsdistanz des ObJektes
reprasentieren-         (b) elnen Vergleicher (117), urn den Pagel des K>
des Distanzsignal umgewandelt wird;                Beschleunigungssignals
und den elnes von (g) Stbuermittel (106, 113, 116, 122) zur  35     der
Integrationsschaltung  ausgogebenen Steuerung der Integrationavorglinge der
er-       verzogerten Beschleunigungasignals zu ver- sten und zweiten
Integrationsmittel auf der       glelchen, so daiB des Impulssignal
ausgege- Grundlage der Hohe des festgestelltn Gra-        ben wird, dessen
Impulbbreltb elne Periods des der Beschleunigung In einem vorgegebe-
darstellt, In der der Pegel des Beschleunl- non Zeitraum; und
40         gungssignals gr8ger Ist ala der des verzoger- (h) die
Musiktonerzeugungsmittol (132) zur        ten Beschleunigungasignals.
Erzeugung eines dem Distanzsignal entspre- chenden Muslktonsagnalls.
28. Musiktonstauervorrichtung nach Anspruch 24, bel welcher die Stuermittbl
(CTL) die Integrati- 24. Musiktonsteuervorrichtung nach Anspruch 23,  45
onevorginge der ersten und der zwelten Integra- bei der der vorgegebene
Zeitabschnitt gleich el-  tionsmittel auf der Grundlage sines Pegels des
nem Zeltabschnitt ist, in dem die Beachleunigung  nachgowlesenen Grades der
Beschleunigung des Objektbs zunimmt.                             wahrend
elner Beschleunigungszunahmeperio- de, in der die Beschlounigung des
Objektes zu- 25. Muslktonsteuervorrichtung nach Anspruch 21   co   nimmt,
steuern. oder 23, bel der die Steuermittel folgendes ent- haltbn: (a)
Mittel (116) zur Ausgabe eines Impulsal-  Revendicatlons gnals, dessen
Impulsbreite elnem Zeitraum entspricht, In welchern die Beschieunigung   sc
1. Dispositif de commande de son musical compre- des ObJektes zunimmt
nant: (b) Verzdgerungsmittel (122), um elne abfal-      (a) un moyen de
ddtectlon (11 ; 402) Incluant lende Flanks des Impulsslgnals so zu verzo-
un capteur d'acceleratlon qul pout Wtre month 
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B1                48 sur, ou porte par, un membre d'un jousur pour
revendication I ou 2, oompronant, en outre, un d6tecter le degr6
d'acceleration qui est pro-  moyen capteur (figures 26 A 29) pour d6tecter:
duit en riponse A un mouvement dudit mem-           un parammtre de
mouvement autre quo bra;                                           celul
dudit moyen de ditection, la hauteur de son (b) un moyen de commando de son
musical   5    ou le timbre dudit signal de son musical 6tant (39 ; 450)
reli6 au moyen de d6tection (11)    command aen se basant sur un rnsultatde
d~tec- pour produire une donn6e de commando de       tion dudit moyen
capteur, et I'enveloppe dudit son son musical en roponse au degrb
d'accbl6ra-    musical etant command6e en se basant surle rb- tion detecte
; et                              sultat de ddtection dudit moyen de
ddtection. (c) un moyen generatbur de son musical (41;  1o 460) relie au
moyen de commando de son mu-  7. Dispositif de commando de son musical
solon la sical (39) pour produire un signal de son mu-  revendicatlon I ou
2, comprenant on outre: sical,
(f) un premier moyen de ddtectlon (15) pour caracteriso en ce quo:
sortir un premier signal de ddtection lorsque (d) le moyen de commando de
son musical est  15   le niveau de sortie dudit moyon captour d'ac- pourvu
d'un moyon gendrateur de signal de         oebration devint plus bIeve
qu'un premier ni- depart pour produiro un signal de depart (INT     veau
preddetrminn; K>        a la figure 16, Vi A la figure 1) qul dbdencho
(9) un second moyen do dotectlon (25, 29) la production do chaque son
musical A cha-        pour sortir un second signal de ddtoction lors- quo
instant ob) Is degred acceleration ddtectb,  20  quo le niveau d'une
composante harmonique ou la valour de son Intograle par rapport au
plus dlevee Incluso dans le signal de sortle temps, a depasse uno valeur
prodeborminee         dudit moyen capleur d'acceleration deviont (Vref A la
figure 16 Vr1 a la figure 1); et d'un  plus elove qu'un second niveau
predeterri- moyen (36, 37, 38 ; 425, 427, 453, 430, 442,      ne; 452) pour
produire des donnees de comman-  25     (h) un moyen de malntien (36,37)
pour main- de pour commander la caractdrlstique dudit       tonir ledit
niveau de composanto harmonique son musical on se basant sur le mouvement
plus elevee loreque lesdits premier et second dudit membre ; et,
signaux de ddtection sonttous les deux sortis, (a) en ce quo le moyen
genbrateur de son mu-      respectivement, desdits premier et second sical
comprend un moyen pour produire Is si-  30  moyens do ddtection ; et, gnal
de son musical correspondant au mouve-      (f) un premier moyen (41) pour
produire la pre- ment du membre en se basant sur la donnee         mlere
donnoe de commando do son musical de commando de son musical chaque fois
quo        qul commando un signal de son musical on se
0lesignaldedepartestprmduitpourdeclencher         basant sur le resultat de
dteoctlon dudit pre- la production de son musical.          35         mier
moyen de ddtection. 2. Dispositif de commando de son musical solon la  8.
Dispositif de commando de son musical solon la revendication 1, dans lequel
Is moyen de ddteo-   revendication 7, compronant en outre un moyen tion
dteocte un degre d'une acceleration produite  do modification (39) pour
modifler ou supprimer en reponse A un mouvemont de balancement  40
laditb premibre donneo do commando de son mu- d'un objet.
sical en se basant surune donnee d'Impulsion re- presentative d'une
intensite d'impulsion ddtectde 3. Dispositif de commando do son musical
selon la    correspondant a un niveau do sortie dudit moyen revendication
1, dans loquel ledit moyen do de-   de maintlen. tection a une forms de
baton (402).       46 9. Dispositif de commando de son musical solon la 4.
Dispositif de commando de son musical solon la    revendlcatlon 7,
comprenant en outre un moyen revendication 2, dans loquel ladito donnee de
de commando (39) pour commander ladite pro- commando de son musical
represente un signal      mibre donnee de commando de son musical on * de
depart (INT) indlquant un Instant de depart  ,5o  se basant sur une donneo
d'impulsion represen- pour produire un son musical.
tative d'une intensltb d'impulsion detecteo correspondant A un niveau de
sortie dudit moyen 5. Dispositif de commande de son musical solon la    de
maintlen. revendication 1, dans lequol ladite donnee de commando de son
musical comprend une don-  55  10. Dispositif de commande de son musical
solon la nee indiquant un volume sonore etlou un timbre.   revendlcatlon 7,
comprenant en outre un second moyen (39) pour produire une seconde donnbe
6. Dispositif do-commando de son musical selon la    de commando de son
musical (D.) autre quo la- 
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50 dite premibre donn6e de commands de son mu-       revendlcation 13,-
dans loquel ledit premier sical, en as basant sur une donn6e d'impulsion
moyen de detection: comprend: representative d'une Intensit d'impulsion
d6teo-    (a) un premier moyen de filtrage passe-bas t6e correspondent & un
niveau de sortie dudit       (14) pour extralre un premier signal dudit si-
moyen de maintlen.                        5         gnal de sortie dudit
moyen capteur d'acceli- ration, ledit premier moyen de filtrage passe- 11.
Dlspositif de commands de son musical selon la      bas ayant une premibre
constanto de temps; revendlcatlon 10, dana lequel ladite seconds        (b)
un second moyen de filtrage passe-bas donnbe de commando de son musical
(D.) repre-       (18) pour extralre un second signal du signal sent. un
volume sonore, un timbre, ou une hau-  10  de sortie dudit moyen capteur
d'accleratlon, tour de son d'un son musical.                       ledit
second moyen de filtrage passe-bas eyant une seconds constants de temps qui
12. Dispositif de commando de son musical solon la      est plus grande que
ladite premlere constants revendication I ou 2, comprenant en outre:
de temps; (f) un premier moyen de d~tectlon (14, 15,18,  15  (c) un moyen
(19, 20) pour produire ledi pre- 19,20) poursortlrun premiersignal de
diteo-      mier signal de reference on se basantsurune tion dont Is niveau
devientun niveau predeter-    premlere tension de ref6rence pr6d6termin6e
minb lorsque le niveau de sortie dudit moyen      et sur ledit second
signal ; et capteur d'acceleration devient plus bleve quo     (d) un moyen
comparatbur (15) pour compe- le niveau d'un premier signal de refbrence;
20  rer le niveau dudit premier signal et celul dudit (g) un moyen
amplificateur (25, 27) pour am-      premier signal de r6fdrencoe de
manlire A sor- plifler une composante d'harmonique plus          tir ledit
premier signal de dbtection dont le nl- elevee Incluse dane le signal de
sortie dudit     veau devient ledit niveau pr6d6termin6 lors- capteur
d'acc6liratlon;                           que le niveau dudit premier
signal deviant plus (h) un second moyen de d6tection (29, 31, 33,  25
bleve quo celul dudit premier signal de refe- 34) pour sortir un second
signal de dbtection     rence. dont le niveau devient un niveau predeterml-
ne lorsque le niveau de sortie dudit moyen  15. Dispositif de commando de
son musical solon la amplificateurdevient plus eleve quo le niveau
revendication 14, dane lequel ladite seconds d'un second signal de
r6ference;       30      constants de temps est rbglbe approximative- (i)
un moyen gbnbrateur de signal d'interrup-  ment a dix fols ladite premiere
constantb de tion (22, 23) pour produire un signal din-     temps.
terruption indiquant quo lea niveaux desdits premier et second signaux de
detectlon de-  16 Dlspositif de commands de son musical solon la
viennenttous lea deux identiques audit niveau   35  revendicatlon 12, 14 ou
15, dans lequel lWdit prbd~terminb;                                  moyen
amplificateur comprend: 0 un moyen de maintien (36, 37) pour main-
(a) un moyen de filtrage passe-haut (27) pour tonir une velour de pic de
ladite composante      extralre ladite composantb harmonique plus
harmonique plus 6levse en rbponse A la prb-       eleves du signal de
sortie dudit moyen cap- sence dudit second signal de dbtsction;  40
tour d'accdl6ration ; et (k) un moyen convertisseur d'analoglque en
(b) un ampllficateur (25) pour amplifier laditb numbrique (38) pour
convertir ladite valeur de    composante harmonique plus 1levse. pic de
ladite composante harmonique plus elevee en une donnbe numbrique represen-
17. Dispositif de commande do son musical selon la tent ladite intensite
d'impulslon ; et  45     revendication 16, dane loquel ledit second moyen
(I) un moyen central de traitement (39) pour   de dbtection comprend:
convertir ladits donnoa numerique on une          (a) un trolsieme moyen de
filtrage passe-ba. donnes de hauteur de son reprbsentant la         (33)
pour extraire un trolsibme signal du si- hauteur de son d'un son musical en
reponse        gnal de sortie dudit moyen capteur d'accbl&- A la pr~sence
dudit signal dinterruptfon.  50     ration (11); (b) un moyen (31 ; 34)
pour produire lodit se- 13. Dispositif de commands de son musical solon la
cond signal de rdffrence en se basantsurune revendlcation 12, dans lequel
ledit moyen cap-      seconds tension de reference prld~termin6e teur
d'accelbration (11) possede un vibreur qui     et sur ledit trolslime
signal ; et est fait d'une matiere Inorganique comme un pie-  56  (c) un
moyen comparatbur (29) pour comparer zoplastique ayant une proprilte
piezoelectrique.    Ie niveau dudit second signal de reference et le niveau
de sortie dudit moyen amplificateur 
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ledit second signal de de- 26 mIl 111111111111 Hilln oil1 1111    51
EP 0 264 782 B1                52 tection dont le niveau devient ledit
niveau pr6-  34) pour sortir un second signal de d6tection determin6
loraque le niveau de sortie dudit       dont le niveau devient un niveau
predctermi- moyen amplificateur deviant plus eleve quo        n6 loreque le
niveau de sortie dudit moyen celul dud it second signal de r6feronce.
amplificateur devient plus 61eve quo I niveau 5         d'un second signal
de r6ferenc; 18. Dispositif de commande de son musical selon la     (0) un
moyen g6nerateur de signal d'intbrrup- revendication 17, dans lequel ledit
moyen g6ne-     tion (22, 23) pour produire un signal d'in- rateur de
signal d'interruption comprend:           terruption Indiquant quo les
niveaux deadits (a) un moyen formant bascule (23) pour me-        premier
et second signaux de dftection de- moriser iedit premier signal de
detection en   10  viennenttous les deuxidentiquesauditniveau reponse a la
presence dudit second signal de      pred~termine; ditection, idit moyen
formant bascule etant      (f) un moyon de mainthon (36, 37) pour main-
remis a zero par ledit moyen central de tralt-   tenir une valsur de pic de
ladite composante ment (39) lorsque les niveaux desdits premier
harmonique plus 6eevee en reponse A Is pre- et second signaux de ditection
deviennent  is    sence duditsecond signal de d6tection; tous les deux
Identiques b un niveau autre        (g) un moyen convertissour d'analogique
en quo ledit niveau predebrmlne; et,                 numbrique (38) pour
convertir ladito valeur de (b) un moyen formant porte ET (22) pour pro-
pic de laditb composante harmonique plus duire ledit signal d'intorruption
par utilisation  elevee en une donnee numerique represen- dudit premier
signal de d~tection et du signal  20  tant ladite intensite d'impulsion; de
sortie dudit moyen formant bascule en se       (h) un moyen central de
traltement (39) pour basant sur une operation ET.
convertir ladito donne. numnrique en une donnee de hauteur de son
representant la 19. Dispositif de commando de son musical selon Is
hauteur de son d'un son musical en reponse revendication 12, dans loquel
ledit moyen de   25   A la presence dudit signal d'interruption ; et
maintien comprend:                                  (1) un moyen generateur
de son musical (41, (a) un moyen interrupteur analoglque (36)        43)
pour produire un son musical en so basant pour laisser passer le signal de
sortie dudit    sur ladite donnee de hauteur de son. moyen amplificatour
chaque fois quo le ni- veau dudit second signal de d~tection devient  30
21. Dispositif de commande de son musical compre- Identique audit niveau
pridftermine, ledit     nant: moyen interrupteur analoglque etant ouvert
(a) un moyen de ditection (Se) pour ditecter Iorsque le niveau dudit second
signal de de-     Is degre d'acc6l6ration qui est produit en rA- toction
devient identique ab un niveau autre      ponse b un mouvement d'un objet;
quo ledit niveau predetrminA; et,      35         (b) un moyen de commands
de son musical (b) un moyen condensatbur (37) pour mainte-       (126 a
131) relie au moyen de d~tection (Se) nir le niveau de sortie dudit moyen
Interrup-     pour produire une donnee de commando de tour analogique.
son musical en reponse au degre d'acceiera- tion dhtect6 ; et 20.
Dispositif de commando de son musical selon la  40  (c) un moyen generateur
de son musical (132) revendication I ou 2 dans lequel Iobjet est un
relIl au moyen de commando de son musical membre pr~diterminh d'un corps
humain et dans       (126 A 131) pour produire un signal de son Isquel, de
maniere a produire un signal de son      musical en reponse A la donnee de
comman- musical en se basant sur l'intensite d'une impul-   de de son
musical, sion produite A un instant donne ob le membre   4      caracteribe
par: predtebrmine percute un autre objet, Is dispositif  (a) un premier
circuit d'integration (102) pour comprend, en outre:
integrer un signal d'accelration (Al) sortl du- (b) un premier moyen de
d~tection (14,15,18,      dit d6tection d'acceleration (So) de maniere A
19, 20) poursortirun premier signal de d~tec-     convertir ledit signal
d'acc6leration en un si- tion dont le niveau devientun niveau predeter-  6o
gnal de vitesse representant une vitesse de mine lorsque le niveau de
sortie dudit moyen      deplacement dudit objet; capteur dacceieration
devient plus iele quo       (b) un second circuit d'integration (108) pour
le niveau d'un premier signal de r6fMrence;       Integrer ledit signal de
vitesse de manibre A (c) un moyen amplificateur (25, 27) pour am-
convertir IedUt signal de vitesse en un signal plifier uns composante
d'harmonique plus  65      de distance representant une distance de de-
blevee incluse dans le signal de sortie dudit     placement dudit obJet; 



capteur dacclration;                             (c) un moyen de commande
(CTL) pour (d) un second moyen de d~tection (29, 31, 33,     commander lea
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et second circuits d'integration (102,     (h) le moyen g6nerateur de son
musical (132) 108) en so basant aur le niveau dudit signal       produlsant
un signal de son musical en fonc- d'accelbratlon dans une p6riode ot)
ladite ac-     tion dudit signal de distance. c6l6ration dudit objet est
croissance, et pour sortir du signal d'interruption lorsque ladito   5
24. Dispositif de commando de son musical selon la periode de croissance
d'acc6l6ration prend       revendication 23, dans lequel ladite p6rlode
pr6- fin;                                             dtermin6e eat
IdentiquesA une porlode pendant ledit moyen de commando de son musical
laquelle iadie acceleration dudit objet est crols- (126 A 131) comprenant
un moyen (126 a 129),       santo. 131, convertissant, memorisant et
sortant lesdits  10 signaux de vitesse et de distance vers ledit    25.
Dispositif de commando de son musical selon Is moyen generateur de son
musical (132) comme        revendicatlon 21 ou 23, dans lequel ledit moyen
donn6es de commando pour commander les ca-         de commande comprend:
ractbristiques d'un son musical qui dolt etre sinal   (a) un moyen (116)
poursortirun signal Impul- prodult.                                   1s
sionndl dont la largeur d'impulsion corres- pond A une pbrode dens laquelle
ladite acc6- 22. Dispositif de commando de son musical solon la
leration dudit objet eat croissante; ;__     revendication 21, dans lequel
ledit premier circuit    (b) un moyen de retardement (122) pour rotor-
d'lntegration (102) comprend un premier ampilfi-      derl'apparitlon du
front arriere duditsignal Im- cateuroperationnel (103), une premiere
r6sistan-  20  pulsionnel de maniore a agrandir ladite lar- ce (104) et un
premier condensateur (105) et          geur d'lmpulsion dudit signal
Impulslonnel dans lequel ledit second circuit d'int6gration        d'une
dur6e prhd6terminhe ; et, (108) comprend un second amplificateur opera-
(c) un moyen de commando d'action dOintM- tionnel (109), une seconde
resistance (111) et un     gration (106, 113) pour commander l'actlon
second condensateur (112) ; ledit signal d'acc6-  25  d'integration desdits
premier et second cir- l6ration etant entre sur une borne d'entr6e inver-
cuits d'lntegration (102, 108), lesdits premier sante dudit premier
amplificateur op6rationnel        et second circuits d'intbgration
offectuant par l'interm6diaire de ladite premlere resistance,    leurs
actions d'int6gration pendant une peilo- ledit premier condensabtur etant
connecte entre       de de largeurd'impulsion d'un signal de sortie ladite
borne d'entree Inversante et une borne do   30  dudit moyen de retardement.
sortie dudit premier ampilficateur operationnel dont la borne d'entree non
inversanto eat miso A  26. Dispositif de commando de son musical selon la
la masse; ledit signal de vitesse sorti de ladite  revendicatlon 25, dans
loquel ledit moyen de borne de sortie dud it premier amplificabtur op6-
commando d'actbon d'integratbon est constItu6 de rationnel etant entre sur
une borne d'entree In-  35  premieret second relals A barrettes, ledit
premier versante duditsecond ampiificateurop6rationnel      condensateur
(105)' 6tant connecte entre lea par l'Intermediaire de ladite seconde
resistance,  deux contacts dudit premier relais A barrettes ledit second
condensatour 6tant connect6 entre     (106), ledit second condensateur
(112) 6tant ladite borne d'entr6e inversante et une borne de   connecte
entre lea deux contacts dudit second sortie dudit second amplificateur
opbrationnel  4o  rdlals A barrettes (113), les contacts desdits pre- dont
la borne d'entr6e non Inversante eat miss A   mier et second relais A
barrettes 6tant ouverts la masse; et ledit signal de distance 6tant sorti
de  dans la p6riode de largeur d'impulsion du signal ladite borne de sortie
dudit second amplificateur  de sortie dudit moyen de retardement, les
operationnel.                                      contacts desdits premier
et second relals A 45      barrettes 6tant fermes dens les periodes autres
23. Dispositif de commando de son musical slon la      quo ladite p6riode
de largeur d'impulsion. revendication 21, comprenant en outre: (f) un
second mayen d'inthgration (108) pour  27. Dispositif de commando de son
musical selon la integrer le signal de vitesse de maniere A
revendication 25, dans lequel ledit moyen de convertir le signal de vitesse
en un signal de   s0  commando   d'action   d'int6gration   (116) distance
repr6sentant une distance de d6pla-     comprend: cement de I'objet;
(a) un circuit d'Int6gration (119, 120) pour re- (g) un moyen de commando
(106, 113, 116,           tarder ledit signal d'accleratbon; et, 122) pour
commander les actions d'integra-         (b) un comparateur (117) pour
comparer le ni- 



tion des premier et second circuits d'Integra-  66  veau dudit signal
d'acceleration et celul d'un tion en se basant sur le niveau du degre d'ao-
signal d'acc6l6ration retarde sorti dudit circuit celeratlon d6tect6 dens
une p6rlode pr6d6ter-      d'int6gration de manibre A sortir ledit signal
minhe; et                                          impulsionnel dont la
largeur d'impulsion re- 28 I  !IIII! 1111111  111, 11 iIII    55
EP 0 264 782 B1                 56 pr6sente une periode ob le niveau dudit
signal d'acceleration est plus grand que celul dudit signal d'acoleration
retard6. 28 Dispositif de commands de son musical selon la   5
revendlcation 24, dans lequel le moyen de commands (CTL) commando les
actions d'intM- gration des premier et second moyens d'inthgra- tion en se
basant sur le niveau du degre d'acc& l6ration d~tect6 pendant une p6riode
de crois-  lo sance d'acceleration lorsque l'accelration de l'objet est
croissants. 15 20 25 30 35 40 45 50 55 29 : 1L111111    


