
EP 0199 192 B1 Description This invention relates to a tone signal
generation device and, more particularly, to a device capable of per-
forming an interpolation between amplitudes of tone waveshape sample points
in accordance with a tone range 5   of a tone to be generated. The
invention relates also to a tone signal generation device in which
waveshape resolution has been Improved by Interpolating amplitudes of tone
waveshape sample points and Inharmonic noise has been removed by having the
sampling frequency synchronized with the pitch of the tone. A typical
method for generating a tone waveshape sample point amplitude signal on the
basis of phase information which changes with the pitch of a tone to be
generated is to store a tone waveshape divided in a 10  specific number of
sample points in a memory and have this waveshape read out In response to
phase infor- mation. If reading of tone waveshapes of the same note name in
different octaves Is considered, the amount of phase change per one
sampling time becomes larger as the octave is higher and smaller as the
octave is lower. For this reason, in reading out a tone waveshape of a
relatively low tone range, it happens that an am- plitude value of the same
sample point is repeatedly read out over plural sampling times. This means
that an 15  effective sampling frequency decreases by an amount
corresponding to the same sample point amplitude val- ue which has been
repeatedly read out. If, for example, different sample point amplitude
values are read out In response to a sampling clock pulse of a frequency
fs, the effective sampling frequency in the read out tone waveshape signal
is fs but if the same sample point amplitude value is read out twice in
succession, the ef- fective sampling frequency of the read out tone
waveshape signal decreases to fs/2. The term effective sam- 20  pling
frequency herein means a frequency at which the sample point amplitude
value actually changes in an obtained tone waveshape signal. In a case
where the effective sampling frequency has decreased as described above,
the actual sampling frequencydecreases no matter how high the nominal
sampling frequency (i.e., frequency of the sampling clock pulse) may be
and, accordingly, a tone range In which an aliasing noise occurs becomes
lower with an increas- 25  ing tendency to generation of such aliasing
noise. This is not a sole problem of the above described system of the
waveshape memory accessing type but can take place in any tone waveshape
sample point amplitude signal generation system. On the other hand, known
in the art is a system according to which sampling of a higher resolution
can be realized by interpolating respective sample points of a tone
waveshape sample point amplitude signal which 30  has once been generated.
For example, US-A-4,036,096 discloses an art according to which finer
Interpolation between sample points is effected as the tone range of a tone
to be generated becomes higher whereby a tone waveshape in a higher tone
range can be made a smooth waveshape with little harmonic content and an
aliasing noise in the higher tone range can be eliminated. It was not an
object of this prior art system, however, to solve the problem of
decreasing in the effective sampling frequency in a lower tone range and
resulting gen- 36  eration of an aliasing noise In the lower tone range and
so the prior art system cannot solve this problem at all. In an electronic
musical instrument of a digitai processing type, a tone waveshape is
synthesized by sam- pling tone waveshape amplitudes at a predetermined
sampling interval. For synthesizing a tone waveshape by sampling, there
have been practiced two methods. One is to perforn sampling always at a
constant san- 40  pling frequency regardless of the frequency of a tone to
be synthesized and the other is to have the sampling frequency synchronized
with the frequency of a tone to be synthesized. In the former, since the
ratio between a tone frequency and a sampling frequency is a non-integer
ratio, an allasing noise which is not harmonic to the tonefrequency is
generated as will be apparent from the sampling theorem. In the latter, the
tone frequency (pitch) is harmonized with the sampling frequency so that a
component which is generated by aliasing Is har- 45  monized with the tone
frequency and thereby is prevented from becoming a noise. JP-A-171395/1982
disclo- ses an art in which, in a system generating tone signals In plural
channels on a time shared basis, the pitch of a tone signal generated In
each channel is caused to synchronize with the sampling frequency. The
above mentioned US-A-4,036,096 discloses an art In which waveshape
resolution Is Improved by interpolating am- plitudes of sample points of a
generated waveshape signal. 50     The system interpolating sample point
amplitude values of a tone waveshape signal is advantageous in that a
quality of a generated tone can be improved with a relatively simple
construction. The interpolation per- formed in the prior art interpolation
technique, however, is not synchronized with the pitch of a tone and there
arises the problem that a component of interpolation operation timing
becomes a noise with respect to a gen- erated tone. 55     US-A-4 377 960
discloses a tone signal generation device designed according to the
precharacterizing part of claim 1. This tone signal generation device
comprises an interpolation means for performing an inter- polation between
two wave shape sample points. This interpolation Is always carried out,
independently from the pitch range of the tone to be generated. 2 



EP 0199 192 B1 It Is, therefore, an object of the present invention to
provide a tone signal generation device capable of solving the above
described problems and being capable of preventing decrease in the
effective sampling fre- quency in a lower tone range and thereby
eliminating occurence of an aliasing noise. This object is solved,
according to the invention, with the features contained in claim 1. 5
According to a preferred embodiment, the tone signal generation circuit is
simplified by generating tone signals in plural channels on a time shared
basis for solving the problem of occurence of an aliasing noise by causing
the pitch of a tone signal generated in each channel and the sampling
frequency to be synchronized with each other, improving the quality of the
generated tone by Interpolating tone waveshape sample point am- plitudes
and eliminating inharmonic noise which tends to occur due to Interpolation
by performing such inter- 10   polation at a timing synchronized with the
pitch of the generated tone. The Interpolation means performs an
interpolation operation only when said tone pitch Is lower than a pre-
determined reference tone pitch. For example, an interpolation information
may be generated when the tone range of the tone to be generated is lower
than a predetermined reference tone range. This interpolation in- formation
may be one in which the number of interpolation steps Is determined in
accordance with the tone 15  range, this step number Increasing as the tone
range becomes lower. In this case, the tone range should pre- ferably be
determined by octave unit for simplifying various processings but the tone
range need not neces- sarily be determined by octave unit but it may be
determined by, for example, two octave unit or half octave unit. In another
aspect of the invention, the tone signal generation device comprises note
dock generation 20  means for generating note clock pulses corresponding to
note name of a tone signal to be generated, rate data generation means for
generating rate data whose value corresponds to a tone range to which said
tone signal belongs, address signal generation means for generating an
address signal formed by performing processing of said rate data at the
timning of generation of said note clock pulse, and waveshape generation
means for generating a tone waveshape in the form of amplitude sampled
values In response to an Integer section of 25  said address signal. The
tone signal generation device further comprises interpolation means for
interpolating at least two of said amplitude sampled values In accordance
with a decimal section of said address signal. Interpolation information
corresponding to a tone range of a tone to be generated is generated in the
in- terpolation means and, responsive to this interpolation Information,
amplitudes between tone wavehape sam- ple points are interpolated in the
interpolation means. By performing of the Interpolation, the number of
sample so  points is substantially increased by the number corresponding to
the interpolation step number. Accordingly, by performing such
interpolation in accordance with the tone range in a desired lower tone
range, the effective sampling frequency can be increased and the problem of
occurrence of aliasing noise thereby can be solved. This will be explained
with reference to Fig. 10. In Fig. 10, (a) is an example of a part of tone
waveshape sample point amplitude in a predetermined reference octave. The
effective sampling frequency of this tone 35  waveshape is designated by
fs. (b) is an example of a tone waveshape sample point amplitude one octave
below the reference octave. This is a state before interpolation is made
and, if the sampling time of (a) Is one sampling time, the amplitude value
of the same sample point continues for two sampling times. Its effective
sampling frequency therefore is fs/2. (c) is an example of a tone waveshape
sample point amplitude in a case where the sample points of (b) are
inerpolated by two steps. In this case, the amplitude value changes at each
40  sample point. Its effective sampling frequency therefore is fs. (d) Is
an example of a tone waveshape sample point amplitude two octaves below the
reference octave in a state before interpolation is made and (e) is an
example of the tone waveshape sample point amplitude two octaves below
after Interpolation has been per- formed. The effective sampling frequency
of (d) i fs/4. The effective sampling frequency of (e) is fs because in
(e), the sample points of (d) are Interpolated byfoursteps. Itwill be
understood that (c) and (e)showexamples 45  of the Interpolation made
according to the Invention according to which the effective sampling
frequency is increased in a lower tone range in such a manner that, for
example, the effective sampling frequency can be made common throughout all
tone ranges. In another aspect of the invention, a decimal section of the
address signal generated by the address signal generation means is utilized
as an Interpolation parameter. This address signal Is a sum or difference
of ad- 50  dition or subtraction of numerical data corresponding to the
octave range and the address signal contains a decimal section if the
numerical data contains a decimal section. Therefore, by causing the
numerical data to contain a decimal section In accordance with the octave
range, interpolation can be performed in accordance with the tone range of
a tone to be generated in the same manner as described above. The octave
range in this case also is not limited to one octave unit but may be two
octave unit etc. 55      By the pitch synchronizing means, the sampling
frequency of the tone waveshape sample point amplitude 



signal generated in each channel Is synchronized with the pitch of the
tone. The tone waveshape sample point amplitude signal having the sampling
frequency synchronized with the pitch is applied to the interpolation means
and the interpolation are performed at a timing synchronized with the pitch
of the tone to be generated. 3    EP0199192B1 Accordingly, the
interpolation operation timing is synchronized with the pitch of the tone
to be generated where- by the cause for occurrence of an inharmonic noise
Is removed. Embodiments of the invention will now be described with
reference to the accompanying drawings. In the accompanying drawings, 5
Fig. 1 Is a block diagram showing an entire construction of an embodiment
of an electronic musical in- strument incorporating the device made
according to the invention; Fig. 2 is a time chart of timing signals for
showing an example of a channel time division timing; Fig. 3 is a block
diagram showing a specific example of a P number generation circuit and a
note dock generation circuit in Fig. 1; 10      Fig. 4 Is a block diagram
showing a specific example of an octave rate data generation circuit in
Fig. 1; Fig. 5 is a block diagram showing a specific example of an address
signal generation circuit in Fig. 1; Fig. 6 is a block diagram showing a
specific example of a pitch synchronization and interpolation circuit; Fig.
7 is a block diagram showing a specific example of an interpolation circuit
in Fig. 6; Fig. 8 is a block diagram showing a modified example of a
high-low speed conversion section in Fig. 5; 15      Fig. 9 Is a block
diagram showing another embodiment of the invention; and Fig. 10 is a
waveshape diagram of a tone waveshape sample point amplitude signal showing
an example of Interpolation between sample points in accordance with the
octave performed according to the Inven- tion. 20  [Description of the
entire construction of one embodiment] Referring to Fig. 1, a keyboard 10
has keys for designating tone pitches of tones to be generated. A de-
pressed key detection circuit 11 detects depression and release of a key in
the keyboard 10 and provides a signal corresponding to the depressed or
released key to a key assigner 12. The key assigner 12 is a circuit 25
provided for assigning generation of a tone corresponding to the depressed
key to any available one of a plur- ality of tone generation channels. At
each time dMsion timing corresponding to each channel, the key assigner 12
generates a key code KC representing a key assigned to the particular
channel and a key-on signal KON representing whether the key is still being
depressed or not. The key code KC is supplied to a P number generation
circuit 13 and an octave rate data generation circuit 30  14. The P number
generation circuit 13 generates a P number which has a value corresponding
to the note name of the applied key code KC (i.e., the note name of the
tone to be generated). The P number will be de- scribed fully later. The
octave rate data generation circuit 14 generates numerical data
corresponding to the octave of the tone to be generated, i.e., an octave
rate data RATE In response to the applied key code KC. The range of one
octave herein is not necessarily limited to one octave range from the note
name C but it may 35  be one octave range from any note name. As will
become apparent from description to follow, this octave rate data
generation circuit 14 functions as interpolation information generation
means with respect to an octave which is lower than a reference octave. In
other words, numerical data corresponding to an octave lower than the
reference octave, i.e., the rate data RATE, functions as interpolation
information corresponding to that oc- tave. 40      A note dock generation
circuit 15 generates note dock pulses having a frequency corresponding to
the note name of the tone to be generated In response to a P number
supplied by the P number generation circuit 13. Since this note dock pulse
functions as a signal requesting an address signal generation circuit 18 to
change an address signal by adding (or subtracting) the rate data RATE,
this clock pulse will hereinafter be referred to as an address change
request signal CRQ. 45      The address signal generation circuit 16
generates an address signal by adding (or subtracting) the rate data RATE
when the address change request signal CRQ has been provided. Accordingly,
the address signal successively increases (or decreases) by a value of the
rate data RATE (i.e., numerical value corresponding to the octave) at each
timing when the address change request signal CRQ has been given (i.e., at
each timing when the note dock pulse has been generated). As Is well known,
the address signal repeats Increase (or de- 50  crease) by a predetermined
modulo number. The address signal generated by the address signal
generation circuit 16 can be divided into an Integer section and a decimal
section. The integer section Is supplied to a tone generator 17 as a phase
address signal PHA designating a sample point order, i.e., phase, of a tone
waveshape sample point amplitude signal to be 



generated by the tone generator 17 whereas the decimal section is supplied
to a pitch synchronization and 55  interpolation circuit 18 as
interpolation address data INT designating an Interpolation address. In the
case of linear interpolation, the interpolation address data INT can be
used directly as an Interpolation coefficient. The pitch synchronization
and interpolation circuit 18 performs resampling of the tone waveshape
sample point amplitude signal generated by the tone generator 17 In
synchronization with its tone pitch, Le., pitch (this 4    EP0199192B1
operation will hereinafter be called "pitch synchronization operations )
and also Interpolating the pitch syn- chronized tone waveshape sample point
signal between adjacent sample points (i.e., between adjacent ad- dresses
in the Integer section) in response to the interpolation address data INT.
The octave rate data RATE consists of an integer section and a decimal
section. It is data of the decimal 5   section that functions as the above
described interpolation information. The decimal section of the address
signal, i.e., the Interpolation address data INT, is obtained by computing
the decimal section of this rate data RATE. As will become apparent from
description to follow, the octave rate data RATE has a value in the decimal
section when the octave of the tone to be generated is lower than the
reference octave and has no such value In the decimal section when the
octave Is higher than the reference octave. Accordingly, when the octave of
10  the tone to be generated is lower than the reference octave, the
interpolation address data INT is generated and interpolation is performed
in the interpolation circuit 18 whereas when the octave is higher than the
ref- erence octave, the interpolatlon address data INT Is not generated and
no interpolation is performed. The tone signal produced by the pitch
synchronization and interpolation circuit 18 is converted to an analog
signal by a digital-to-analog conversion circuit 19 and thereafter supplied
to a sound system 20. A tone color 15  selection circuit 21 is provided for
selecting a tone color of the tone to be generated and supplies tone color
information TC representing the selected tone color to other circuits. The
operations of the respective circuits from the key assigner to the pitch
synchronization and Interpolation circuit 18 for respective channels are
per- formed on a time shared basis. Atiming signal generation circuit 22
generates various timing signals used for controlling time division
operations of the respective circuits and also a master dock pulse [err]
and other dock 20  pulses. In the embodiment shown In Fig. 1, a special
arrangement is made in relation to the above described pitch
synchronization operation and a time division operation speed. A note dock
generation circuit 15 Is provided for the pitch synchronization. This
circuit 15 generates a note clock pulse, i.e., the address change request
signal CRQ, having a frequency corresponding to the note name 25  of the
tone to be generated. By changing the address signal in accordance with the
timing of generation of this address change request signal CRQ, an
effective sampling frequency of the tone waveshape signal which is
generated In accordance with this address signal is harmonized with the
pitch of the tone waveshape signal whereby the pitch synchronization is
effected. As will become apparent later, however, the pitch synchroniza-
tion in this embodiment is not affected in the stage of the address signal
generation circuit 18 and the tone so  generator 17 but effected in the
pitch synchronization and interpolation circuit 18. Reverting to the note
dock generation circuit 15, this circuit 15 must generate, for respective
channels on a time shared basis, note dock pulses corresponding to various
note names In response to the common master dock pulse [err] Besides, it is
desirable that the frequencies of the note cock pulses be relatively high
for ensuring high precision ofthe pitch synchronization. The note dock
generation circuit 15 therefore is required to operate at a time division
timing 35  of a relatively high speed. The pitch synchronization and
interpolation circuit 18 realizing the pitch synchroni- zation also is
required to operate at a time division timing of a speed which is as high
as that of the note dock pulses. On the other hand, the key assigner 12 and
the tone generator 17 are not required to operate at a time division timing
of such a high speed but it is rather preferable for the circuit design and
the tone generation computation processings that these circuits operate at
a relatively low time division speed. 40     In the present embodiment,
therefore, an arrangement is made so that necessary circuits are operated
at two time division operation speeds, i.e., a high speed and a low speed.
More specifically, the key assigner 12 and the tone generator 17 perform
time division processings for the respective channels at the low speed
whereas the note dock generation circuit 15 and the pitch synchronization
and interpolation circuit 18 perform time division processings for the
respective channels at the high speed. The output of the key assinger 12 is
45   produced at the time division timing of the low speed. Since, however,
the note clock generation circuit 15 op- erates at the high speed time
division timing, means for converting the time division speed of the signal
from the low speed to the high speed is provided in the P number generation
circuit 13. Since the output CRQ of the note dock generation circuit 15 is
also a signal of the high speed time division timing, means for converting
the time division speed of the signal from the low speed to the high speed
is provided also in the octave rate 



50  data generation crcuit 14 for producing the rate data RATE at the high
speed time division timing in synchron- ization with the output CRQ. While
the address signal generation circuit 16 must generate the address signal
in accordance with the address change request signal CRQ and the rate data
RATE which are both signals of the high speed time division timing, the
tone generator 17 which uses this address signal (particularly its integer
section) is oper- 55   ated at the low speed time division timing.
Accordingly, means for converting the time division speed of the signal
from the high speed to the low speed is provided in the address signal
generator circuit 16 so that at leasttheintegersectionofthe address signal,
i.e., the phase address signal PHA, is generated atthe low speed time
division timing. The pitch synchronization operation In the pitch
synchronization and interpolation circuit 5    EP 0 199 192 B1 18 must be
performed at the time divson timing of a speed which Is as high as that of
the note clock pulses, i.e., the address change request signal CRQ and the
interpolation operation In this circuit 18 must also be per- formed atthe
high speed time division timing forrealizing interpolation without
impairing the pitch synchronized state. In the circuit 18, therefore, means
is provided for converting the tone waveshape sample point amplitude 5
signal of the low speed time division timing to the one of the high speed
time division timing. Since the inter- polation operation is performed at
the high speed time division timing, the interpolation address data INT
gen- erated by the address signal generation circuit 18 may remain the
signal of the high speed time division timing. Description will now be made
about specific examples of the respective circuits shown in Fig. 1. 10
[Description of the time division timing] Examples of the low speed and
high speed time division timings will be explained with reference to Fig.
2. The high speed time division timing is formed by using one period of the
master clock pulse [err] as one 15  time slot. If, for example, there are
four tone generation channels, time slots, i.e., high speed channel
timings, for the first to fourth channels In the high speed time division
timing are shown In Fig. 2(b). The sampling period of a tone In the high
speed time division timing, therefore, Is four times as long as the master
dock pulse [err] Fig. 2(d) shows a low speed clock pulse having a period
which is sixteen times as long as the master dock pulse [err] The low speed
time division timing is formed by using one period of this low speed clock
pulse as 20  one time slot. Fig. 2(e) shows names of channels of the key
codes KC provided by the key assigner 12 shown in Fig. I in accordance with
this low speed time division timing. Fig. 2(c) shows a channel
synchronizing pulse CH which is used for converting the time division speed
of the signal from the low speed to the high one or vice versa. This pulse
CH consists of four pulses in total which are respectively generated once
at the high speed time division timings of the respective channels 1 - 4
during 64 [err] (64 periods of the master dock pulse 26  [err] in which the
low speed channel timing completes one cycle. For example, one shot of
pulse is generated at the high speed time division timing of the channel 1,
another shot of pulse is generated 17 [err] (l7 periods of the masterclock
pulse  [err] later at the high speed time division timing of the channel 2,
another shot of pulse is generated 17 [err] later at the high speed time
division timing of the channel 3, another shot of pulse is gen- erated 17
[err]laterat the high speed time division timing of the channels 4 and
still anothershot of pulse is gen- 30  erated reverting to the high speed
time division timing of the channel I which is 13 [err] (13 periods of the
master clock pulse [err] later. Fig. 2(f) shows timing of generation of an
inverted key-on pulse KONP. This pulse KONP normally is a signal "1" and,
when a newly depressed key has been assigned to a certain channel, is
turned to a signal "0" only once at a timing of generation of the channel
synchronizing pulse CH corresponding to this channel. 35 [Description about
P number] The P number means a number indicating a number of sample points
in one period of a tone waveshape having a frequency corresponding to the
respective note names C - B in a certain reference ocatave. For ena- 40
bling generation of plural tones of desired note names on a time shared
basis, a common basic sampling fre- quency is employed for all note names,
this basic sampling frequency having a period which is four times as long
as the master clock pulse as described previously. Since, on the other
hand, the basic sampling frequency Is common, the P number of each note
name has a value corresponding to Its frequency which is different from
other note names. If the frequency of a certain note name in the reference
octave is designated by fn 45  and the common sampling frequency by fc, the
P number corresponding to this note name is determined In the following
manner Pnumber = fc + fn (1) Assuming now that the common sampling
frequency fc is fc = 785.54 kHz and the frequency fn of note 



name A is fn = 440 Hz (i.e., A4 tone), the P number of this note name Aas
calculated from the above equation 50  becomes P number of note name A =
785540 + 440 = 1785. In the meanwhile, assuming that the sample point
number of different sample point amplitude values for one period of a tone
waveshape capable of being generated in the tone generator 17 is 84,
effective sampling frequency fe of the frequency fn becomes 55
fe = fn x 64  (2) and, in case of fn = 440 Hz, the effective sampling
frequency fe becomes fe = 440x84 = 28180 Hz. Similarly, P numbers and
effective sampling frequencies fe of the respec reference octave can be
deter-    EP 0 199 192 B1 mined as in the following Table 1. In this
example, the reference octave ranges over one octave from G4 to F#5. Table
1 5 note  name    pitch  (Hz)   effective  sampling                 P
number frequency (kHz) G4             392.0                 25.088
2004 10 G#4            415.3                 26.580                    1891
A4             440.0                 28.160                    1785 15
A#4             466.2                29.834                    1685 B4
493.9                 31.609                   1590 C5             523.3
33.488                   1501 20 C#5            554.4
35.479                   1417 D5             587.3                 37.589
1337 25            D#5             622.3                39.824
1262 E5             659.3                 42.192                    1192 FS
698.5                 44.701                    1125 F#5            740.0
47.359                   1062 [Description of the note dock pulse] 35
In the note clock generation circuit 15 (Fig. 1), the note clock pulse,
i.e., the address change request signal CRQ, is obtained by
frequency-dividing the common sampling frequency fc established on the
basis of the master dock pulse [err] In accordance with the P number. As
will be apparent from the above description, the P number is the number of
periods of the common sampling frequency fc, i.e., the number of sample
points, in one period of the waveshape whereas the effective sample point
number for one period of the tone wave- 40  shape which can be generated In
the tone generator 17 is 64 as described previously. Accordingly, if a fre-
quency dividing number used for frequency-dividing the common sampling
frequency fc Is frequency dividing number = P number + 64  (3), 64 pulses
can be produced for each period as the frequency-divided output whereby 64
effective sample points can all be established. By frequency-dividing the
common sampling frequency fc by the frequency dividing 45  number
determined in this manner, the following equation is derived from the above
equations (1), (2) and (3): fc [err] frequency dividing number = (fn x P
number) [err] (P number [err] 64) = fn x 64 = fe  (4). By changing the
sample point address by this frequency-divided ouptut, the effective
sampling frequency fe can be established. The effective sampling frequency
fe thus established is harmonized with the note name frequencyfn sothatthe
pitch synchronization is realized. The notedock pulse, i.e., the address
change request 50  signal CRQ, generated by the note clock generation
circuit 15 is a signal having the frequency-divided output as shown in the
above equation (4), i.e., the effective sampling frequency fe. The
frequency dividing numberdetermined bythe equation (3) is notnecessarilyan
integer but itfrequently includes a decimal. In the case of the note name
A, for example, frequency dividing number = 1785 + 64 = 27.89. 55   For
this reason, the frequency dividing operation In the note clock generation
circuit 15 is made, as described below, by using two integers which are
proximate to the frequency dividing number determined by the equation (3)
and thereby obtaining, as an averaging result, the same result as If the
common sampling frequency was frequency-divided by the frequency dividing
number determined by the equation (3). 



7    EP 0199192 B1 [Description of specific examples of the P number
generation circuit 13 and the note clock generation cir- cuit 151 In Fig.
3, the P number generation circuit 13 comprises a P number memory 23
prestoring P numbers of 5   respective note names in the reference octave
as shown in the above listed Table I and a low-high speed con- version
section 24. The low-high speed conversion section 24 comprises a selector
25 in which the output of the P number memory 23 Is applied to Its input
"1" and a shift register 26 of four stages corresponding to the four
channels, the output of the shift register 26 being circulated through a
"0" input of the selector 25. The channel synchronizing pulse CH (Fig.
2(c)) Is applied as a selection control signal in the selector 25. When 10
this pulse CH Is "1", the "1" input Is selected whereas when this pulse CH
is " 0", the "0" Input is selected. The shift register 26 is
shift-controlled by the master clock pulse [err] . The P number memory 23
receives the key codes KC of the respective channels produced by the key
as- signer 12 (Fig. 1) at the low speed time division timing as shown in
Fig. 2(e) and provides the P number cor- responding to the note name of the
received key code KC. The read out P number is a signal of the same low 15
speed time division timing as the signal shown in Fig. 2(e). The low-high
speed conversion section 24 converts the time division timing of the read
out P number to the high speed one. More specifically, the P number which
was read out from the memory 23 at the low speed timing of the channel 1 is
selected by the selector 25 when the channel synchronizing pulse CH has
been turned to "1" at the timing of the high speed channel I and this
selected P number is loaded in the shift register 26. Similarly, the P
numbers which were read out from the 20 memory 23 at the low speed timing
of the channels 2, 3 and 4 are selected by the selector 25 when the channel
synchronizing pulse CH has been turned to "1" at the timing of the
corresponding high speed channels 2, 3 and 4 and loaded in the shift
register 26. The P numbers loaded in the shift register 26 are
circulatingly held therein through the "O" Input of the selector 25 until
the time when the pulse CH is turned to "l" at the high speed timing of
that channel. Therefore, P numbers corresponding to the note names of the
keys assigned to 25  the channels 1 - 4 are loaded In thefourstages ofthe
shift register28. These P numbers are shifted In response to the master
clock pulse [err] and delivered out repeatedly at a period which is four
times as long as the master clock pulse [err] (i.e., at the period of the
common sampling frequency fc). Accordingly, the timing of the P num- bers
of the respective channels provided by the shift register 26 is as shown in
Fig. 2(b). These P numbers consist, for example, of binary coded signals of
twelve bits. 30     In Fig. 3, the note clock generation circuit 15
comprises an adder 27 which receives the P number provided by the shift
register 26, a selector 28 which has received the output of this adder 27
at Its  "0" input, a shift register 29 of four stages which has received
the output of this selector 28, a gate 30 which gats out less sig- nificant
six bits (i.e., decimal section) of the output of the shift register 29 and
an adder 31 which receives more significant seven bits (i.e., Integer
section) of the output of the shift register 29 and adds these seven 35
bit data to an all "1" signal consisting of seven bits which are all "1".
While the P number itself is a binary coded signal of twelve bits, the
output of the adder 27 is a signal of thirteen bits including one
additional bit as a bit alloted for a carry signal. The inverted key-on
pulse KONP (the timing relation thereof Is shown in Fig. 2(f)) and a signal
delivered out of a carry output CO of the adder 31 are applied to an AND
gate 32 and the output of this AND gate 32 in 40  turn is applied to a
selection control input of the selector 28. When the output signal of the
AND gate 32 is "0", the signal applied from the adder 27 to the "0" input
of the selector 28 Is selected whereas when the output signal of the AND
gate 32 is "1", the signal applied to the "1" input of the selector 28 is
selected. To the "I" Input of the selector 28 is applied a signal
consisting of less significant six bits (i.e., decimal section) of the
output of the shift register 29 and the seven bits (i.e., integer section)
of the adder 31. 45      The selector 28, shift register 29 and adder 31
constitute a circuit for establishing the frequency dividing number as
shown In the above described equation (3) in accordance with the P number
and effecting frequen- cy-dividing of the common sampling frequency fc In
response to the Integer section of this frequency dividing number. The
adder 27 is provided for adjusting the value of the integer section In
accordance with the decimal section of the frequency dividing number. 50
Since the divisor 64 in the equation (3) is [err] no particular division is
required for obtaining the frequency dividing number but the frequency
dividing number corresponding to the particular P number can be estab-
lished simply by treating the less significant six bits of the P number as
the decimal section. Accordingly, the less significant six bits in the
output signal of thirteen bits from the adder 27, selector 38 and shift
register 29 have weight of the decimal section and the more significant
seven bits have weight of the integer section. 55      The addition of the
all "1" signal in the adder 31 is equivalentto subtraction of 1. In the
adder 31, therefore, 



subtraction of I from the integer value of the output of the shift register
29 is virtually made. The subtraction result of this adder 31 is fed back
to the "1" input of the selector 28 together with the six bit data of the
decimal section which were notsubjected to the computation and applied to
the adder 31 again through theshift register    EP0199192B1 29. Since the
shift register 29 is shift-controlled by the master clock pulse [err] , the
period at which a signal of the same channel is produced from the shift
register 29 is four times as long as the master dock pulse [err] i.e., the
period of the common sampling frequency fc. At the beginning of depression
of a key, the inverted key-on pulse KONP Is turned to "0" only once at a 5
channel timing at which the depressed key has been assigned and, at this
time, the P number of the key is selected through the "0" input of the
selector 28. The Integer section of this P number is applied from the shift
register 29 to the adder 31 where I is repeatedly subtracted from the
Integer section at the period of the com- mon sampling frequency fc. When
the result of the subtraction as to the integer section is I or more, a
carryout signal "1" is always produced from the carry output CO of the
adder31 and the AND gate 32 is thereby enabled 10  so that the selector 28
continues selection at the "1" input Upon turning of the output of the
adder 31 to "O" as a result of repeated subtraction, i.e., when the
frequency fc of the same number as the number of integer sections of the P
number has elapsed, the carry out signal of the adder 31 is no longer
produced so that the AND gate 32 is disabled. The selector 28 at this time
selects the "0" input, selecting the output of the adder 27 which is a sum
of the P number and the less significant six bits (decimal section data) of
the output of the 15  shift register 29. In the foregoing manner, the P
number which has been somewhat modified in its value by the addition of the
decimal section is supplied to the shift register 29 and subtraction of I
from the Integer value of the modified P number is repeated. The gate 30 is
disabled by the Inverted key-on pulse KONP only at the beginning of
depression of the key and always supplies the decimal section data at other
times. By the addition of the decimal section data to the P number in the
adder27, the integervalue of the frequency dividing 20  numberactually used
forfrequency-dividing sometimes becomes largerthan the integervalue of the
frequency dividing number obtained from the P number by 1. Taking, for
example, the note name A, whose P number is 1785 and whose frequency
dividing number is 27.89, frequency-dividing is initially effected in
accordance with its integervalue 27 but nextly the frequencydividing number
becomes 27.89 + 0.89 = 28.78 and thereforefre- quency-dividing Is effected
in accordance with the integer value 28. Thus, the frequency-dividing of
the corn- 25  mon sampling frequencyfc is performed in accordance with the
numberwhich is either the same as the Integer value of the frequency
dividing number obtained from the P number or larger than that by I and the
frequency- dividing operation according toafrequencydividing number
obtained from the P number In theform of an aver- aged result.
Thesignalfrom the carryoutoutputCO of the adder31 isequivalentto
itsfrequency-divided output and a signal obtained by Inverting this signal
is provided as the note dock pulse, i.e., the address change re- 30  quest
signal CRQ. For better understanding of the invention, an example of the
output of the selector 28 is shown taking the note name A by way of
example. The timing of change is the period of the common sampling
frequency fc. Initially, the output of the selector 28 is frequency
dividing number 27.89 corresponding to the P number 1785. Then, the output
becomes 26.89 in which the integer value has decreased by I and the integer
value of the 35  output decreases successively by I to 25.89, 24.89, 23.89
..... 2.89, 1.89. At the 27th period of the common sampling frequency fc,
the numerical value applied to the "1" input of the selector 28 becomes
0.89 and, at this time, the carry out signal Is turned to "0", the note
clock pulse, i.e., the address change request signal CRQ is turned to "1"
and the selector 28 selects the "0" Input. To the "0" input of the selector
28 is applied the value 28.78 which Is the sum of the frequency dividing
number 27.89 corresponding to the P number 1785 and 40  the decimal value
0.89 supplied from the shift register 29. Accordingly, 28.78 is provided
from the selector 28. At this time, the output of the selector 28 decreases
successively by I to 27.78, 26.78,25.78, 24.78,..... 2.78, 1.78 unitl the
28th period of the common sampling frequency fc at which the numerical
value applied to the "I" Input of the selector 28 becomes 0.78 and the
carry out signal of the adder 31 is turned to "O" whereby the note dock
pulse, i.e., the address change request signal CRQ is generated. At this
time, the output of the adder 45  271s 27.89 + 0.78 = 28.67 and this value
is supplied to the shift register 29 through the "0" input of the selector
28. Thereafter, the output of the selector 28 decreases successively by I
to 27.67, 26.67, 25.67, 24.67. 2.67, 1.67. In the foregoing manner, the
frequency-dividing Is performed using 27 or 28 as the frequency div- iding
number. 50  [Description of a specific example of the octave rate data
generation circuit 14] In Fig. 4, a reference octave code generation
circuit 34 generates an octave code of three bits representing a
predetermined reference octave in response to the tone color selection
Information TC. This octave code and a four-bit note code for F#
representing the border of octaves are applied to an A input of a
subtractor 35. 



55  To a B Input of the subtractor 35 is applied the key code KC from the
key assigner 12 (Fig. 1). The subtractor 35 performs subtraction A - B to
obtain difference between the reference octave and the octave of the tone
to be generated. Since this octave difference can be distinguished by more
significant four bits in a seven - bit output which is difference between
seven-bit key codes each consisting of the three-bit octave code and 9
EP0199192B1 the four-bit note code, a result of subtraction as to the more
significant four bits is produced by the subtractor 35. While the border of
octaves In coding of octaves Is conventionally placed between B note and C
note, the border of octaves in setting the reference octave in this example
is placed between F note and G note as shown In Table 1. For this reason,
the subractor 35 performs subtraction using all bits of the key code. If,
in setting 5   of the reference octave, the border of octaves is placed
between B note and C note as In the case of coding of the octave code, the
subtractor 35 may perform subtraction between the octave codes only. The
reference octave code generation circuit 34 realizes octave shift of a key
in accordance with the selected tone color. For example, a typical
reference octave is one ranging from G4 to F#5 as shown in Table 1. A
low-high speed conversion section 38 consists of a selector 37 and a shift
register 38 constructed in 10 the same manner as the conversion section 24.
The octave difference data produced by the subtractor 35 is converted by
this conversion section 36 to data of the high speed time division timing
and thereafter is applied to an octave rate conversion memory 39. This
octave rate conversion memory 39 outputs the octave rate data RATE as shown
in the following Table 2 in response to the octave difference data applied
thereto. 15                                   Table  2 output
octave rate data RATE 20                           (MSB)
(LSB) input     integer   section                     decimal  section -3
1    0    0    0            0    0    0    0 25 -2             0    1    0
0            0    0    0    0 -1           0    0    1    0            0
0    0    0 30                0             0    0    0    1           0
0    0    0 1            0    0    0    0            1    0    0    0 2
0    0    0    0           0    1    0    0 35                 3
0    0    0    0           0    0    1    0 4            0    0    0    0
0    0    0    1 40       The octave rate data RATE consists of eight bits
with its more significant four bits being treated as the Integer section
and Its less significant four bits as the decimal section. The decimal
section functions as the interpolation information and represents the
number of interpolation steps. The integer section functions as a signal
demanding that a tone waveshape sample point amplitude signal be generated
skipping several sample points of a tone waveshape amplitude In the tone
generator 17 (Fig. 1). The greater a negative value of the 46  Input octave
difference data, the higher is the octave than the reference octave whereas
the greater a positive value of the input octave difference data, the lower
is the octave than the reference octave. At the reference octave, the
octave difference data is "O" and the octave rate data RATE is "1" In the
decimal system which means that no skipping of the sample points or
Interpolation is performed. At one octave above the reference octave, the
octave difference data is "-1" and the octave rate data RATE is "2" in the
decimal system which 50  meansthatone sample point is skipped overand
thefrequencyof the generated tone is doubled. Attwooctaves above, the
octave rate data RATE is "4" which means that three sample points are
skipped over and the fre- quency of the generated tone Is multiplied by 4.
At three octaves above, the data RATE is "8" which means that seven sample
points are skipped over and the frequency of the generated tone is
multipled by 8. At one octave below the reference octave, the octave
difference data is "1" and the data RATE Is "0.5" in 56  the decimal
system. This means that an amplitude signal at the same sample point is
generated twice suc- cessively in the tone generator 17 (Fig. 1) In
accordance with a sampling period corresponding to the timing of generation
of the address change request signal CRQ and the frequency of the generated
tone thereby is reduced to one half. This also indicates that interpolation
be made with an interpolation step number 2. At two 10    EP0199192B1 



octaves below, the data RATE is "0.25" in the decimal system which
indicates that an amplitude signal at the same sample point be generated
four times successively thereby reducing the frequency to a quarter and in-
terpolation be made with an interpolation step number 4. Similarly, as the
octave becomes lower, the number of times the amplitude signal is generated
at the same sample point increases and the interpolation step num- 5   ber
also Increases. Description of a specific example of the address signal
generation circuit 16] In Fig. 5, the octave rate data RATE generated by
the octave rate data generation circuit 14 (Fig. 4) is ap- 10  plied to a
gate 40. To a control input of this gate 40 is also applied the note clock
pulse, i.e., the address change request signal CRQ generated by the note
clock generation circuit 15 (Fig. 3). In this gate 40, the octave rate data
RATE is selected at each timing of generation of the note clock pulse,
i.e., the address change request signal CRQ and added together for
generation of the phase address signal PHAand the Interpolation address
data INT as will be discussed more fully later. 15     The address signal
generation circuit 16 comprises an interpolation address counter 41 for
generating the interpolation address data INT, a phase address counter 42
for generating the phase address signal PHA and a high-low speed conversion
section 43 for converting data of the integer section of the rate data RATE
to be counted by the phase address counter 42 to data of the low speed time
division timing. Less significant four bits (decimal section) of the octave
rate data RATE which has been gated out of the 2o  gate 40 are applied to
an adder44 in the Interpolation address counter 4l. The outputof the
adder44 is applied to a shift register 46 via a gate 45 which is controlled
by the inverted key-on pulse KONP. The shift register 46 has four stages
corresponding to the number of channels and is controlled by the master
clock pulse [ERR] . The output of the shift register 46 is applied to
another input of the adder 44. By virtue of this construction, the decimal
section (i.e., the interpolation information) of the octave rate data RATE
for a certain channel is 26  added and counted each time the address change
request signal CRQ is generated and a result of this addition is
circulatingly held in the shift register 46 in correspondence to the timing
of that channel. The output of the adder 44 is provided as the
Interpolation address data INT. The adder44 is a full-adder of four bits
and a carry out signal produced from its carry out output CO Is applied to
an OR gate 47. The gate 45 is disabled at the beginning of depression of
the key thereby clearing data stored in the shift register 46 but is
enabled at other 30  times. More significant four bits (integer section) of
the octave rate data RATE which has been gated out of the gate 40 are
applied to the high-low speed conversion section 43. Among these four bits,
the least significant bit (i.e., the bit having weight of the integer 1")
Is applied to the conversion section 43 via an OR gate 47. The OR gate 47
is provided for carrying the carry out signal of the adder 44 to the least
significant bit of the integer 35  section of the octave rate data RATE,
i.e., the bit having the weight of Integer "1". The signal of all bits of
the Integer section of the octave rate data RATE including the output of
the OR gate 47 is applied to the OR gate 48. When any of the four-bit
signals which have been applied to the OR gate 48 is "1", the output of the
OR gate 48 is turned to "1" and this output is provided as a pitch
synchronization change pulse CHANG. This pulse CHANG is synchronized with
the timing of generation of the address change 40  request signal, i.e.,
the note clock pulse (synchronized with the pitch of the tone to be
generated), and indicates that the phase address signal PHA should be
changed. In the high-low speed conversion section 43, OR gate group 49
gates out the integer section of the octave rate data RATE which has been
applied thereto via the gate 40 and the OR gate 47 and supplies this
integer section to a gate 50. The gate 50 is controlled by the Inverted
key-on pulse KONP and is disabled only at the 45  beginning of depression
of the key and is enabled at other time. The output of the gate 50 is
applied to a four- stage shift register 51 In which it is shifted by the
master clock pulse [err] The output of the shift register 51 is fed back to
Its input via a gate 52, OR gate group 49 and gate 50. The gate 52 is
enabled by a signal obtained by inverting the channel synchronizing pulse
CH by an Inverter 53. In the meanwhile, the output of the shift register 51
is applied to a latch circuit 54 and loaded in this latch circuit 54 at a
timing of the channel synchron- 50  izing pulse CH. This arrangement
enables the four-bit data of the Integer section of the octave rate data
RATE for each channel to be temporarily stored in the shift register 51 and
to be circulated in accordance with the high speed time division timing. By
the channel synchronizing pulse CH which is generated in the manner shown
in Fig. 2(c), outputs of the respective channels of the shift register 51
are latched in the latch circuit 54 channel by 55  channel substantially at
a period equivalent to the low speed time division timing. When the output
of the shift register 51 has been latched in the latch circuit 54, the gate
52 is closed to prevent circulation of the data and clear the storage of
the data. Data of a certain channel which has been latched in the latch
circuit 54 Is also cleared when a next channel synchronizing pulse CH has
been generated. Accordingly, data of the Integerseo-    



EP 0199 192 B1 tion of the octave rate data RATE of a certain channel
loaded at a timing of generation of the address change request signal CRQ
is held in the latch circuit 54 only during 13 or 17 periods of the master
clock pulse [err] from generation of the channel synchronizing pulse CH at
the high speed time division timing of the channel till gen- eration of a
next pulse CH. 5      The phase address counter 42 comprises an adder 55
which receives the output of the latch circuit 54, a gate 56 and a
four-stage shift register 57 which is shift-controlled by a low-speed dock
pulse [err] . The output of the shift register 57 is supplied to the adder
55 and fed back to the Input side via the gate 56. The gate 56 is disabled
at the beginning of depression of the key by the output of an inverter 59
which inverts the output of a differentiation circuit 58 differentiating a
rise portion of the key-on signal KON supplied bythe key assigner 10  12
(Fig. 1) in accordance with the low speed time division timing and thereby
dears old data for the channel to which the key has been assigned stored in
the shift register 57. The output of the latch circuit 54 is applied to the
adder 55 in which It is added to the output of the shift register 57 and a
result of the addition is stored in the shift register 57. This addition is
performed at a period which is four times as long as the low-speed clock
pulse for one channel. Since, on the other hand, time width at which data
fora certain channel is provided 15  from the latch circuit 54 is 13 or 17
period of the master clock pulse [err] the output of the latch circuit 54
Is added only once to the output of the shift register 57 forthe same
channel. The shift register 57 performs load- ing and shifting of data in
synchronism with falling (i.e., change from "1" to "0") of the low-speed
clock pulse [err] Thus, In the phase address counter 42 the Integer section
(including a carry portion from the decimal sec- tion ) of the octave rate
data RATE corresponding to a certain channel is added and counted only once
each 20  time the note clock pulse, i.e., the address change request signal
CRQ, is generated once In correspondence to that channel. The output of the
address counter 42 Is supplied to the tone generator 17 (Fig. 1) as the
phase address signal PHA. This phase address signal PHA consists, for
example, of a six-bit binary coded signal and Is capable of having 84
different sample points in a waveshape of one period. This applies,
however, to a case where the tone generator 17 generates the same waveshape
of one period repeatedly. In a case where 25  plural periods of different
waveshapes are generated, the bit number of the phase address signal PHA is
in- creased. Since, In Fig. 5, the Integer section of the octave rate data
RATE is counted In accordance with the low speed time division timing
whereas the decimal section is counted in accordance with the high speed
time division timing, the phase address counter 42 for counting the Integer
section and the interpolation address 30  counter 41 for counting the
decimal section are provided separately from each other. If, however, the
time di- vision speed is not taken into account, an arrangement may be made
so that the eight-bit octave rate data RATE is counted by a single address
counting device. In that case, the integer section of an address signal
obtained Is used as the phase address signal PHA and the decimal section as
the interpolation address data INT re- spectively. 35 Description of the
tone generator 17] The phase address counter 42 produces the phase address
signals PHAfor the respective channels in a time division multiplexed state
at the low speed timing in accordance with the low-speed clock pulse [err]
The 40  tone generator 17 generates tone waveshape amplitude signals at
sample points which are specified by the phase address signals PHA. Any
suitable tone generation system may be employed in the tone generator 17.
Such systems Include, for example, one in which tone waveshape amplitude
values for respective sample points are stored in a waveshape memory and
these amplitude values are read out by the address signal PHA, a harmonics
synthesis system, a frequency modulation operation system and one in which
a tone waveshape 45  signal is generated by timewise interpolating segment
waveshapes and switching these waveshapes as dis- closed in the
specification of Japanese Preliminary Patent Publication No. 14779311985.
In reading out wa- veshape data from a waveshape memory, a waveshape stored
in the memory is not necessarily a waveshape for one period but it may be a
half period of waveshape or a waveshape of plural periods or a full
waveshape from the start of sounding of a tone to the end thereof. Since
the phase address signasl PHA is a signal of the 50  low speed time
division timing, a relatively long operation time can be provided for
generation of a tone we- veshape amplitude signal for one sample point In
the tone generator 17 whereby computation for generating a complex tone
waveshape can be realized. [Description of a specific example of the pitch
synchronization and interpolation circuit 18] 55 Referring to Fig. 8, the
tone waveshape sample point amplitude signals for the respective channels
gen- erated at the low speed time division timing by the tone generator 17
are applied toa low-high speed conversion section 60 and converted to
signals of the high speed time division timing. The low-high speed
conversion sec- 12  



EP 0 199 192 B1 tion 60 consists, as the conversion section 24 shown In
Fig.3, a selector 61 and a four-stage shift register 62. The tone waveshape
sample point amplitude signals which have been converted to the signals of
the high speed time division timing are supplied to an interpolation
circuit 63 as signals S1 for present sample points and also stored in a
shift register 65 through a selector 64. The shift register 65 consists of
four stages and 5   shift-controlled by the master clock pulse [err] . The
output of the shift register 65 is held circulatingly through a "0" Input
of the selector 84 and also is applied to the interpolation circuit 63 as
amplitude signals S2 for pre- ceding sample points. The pitch
synchronization change pulse CHANG generated by the address signal gen-
eration circuit 16 (Fig. 5) and the interpolation address data INT are
supplied to a delay circuit 66 in which these signals are delayed by a
period of time corresponding to delay time between Input and output signals
in the 10  tone generator 17. This delay circuit 66 can be omitted If there
is no time delay between the Input and output signals in the tone generator
17. The delayed pitch synchronization change pulse CHANG Is applied to a
se- lection control Input of the selector 64 and the delayed Interpolation
address data INT is applied to the Inter- polation circuit 63. When the
pitch synchronization change pulse CHANG is "1", the selector 84 selects a
sam- ple point amplitude signal which has been applied to the "1" input
from the low-high speed conversion section 15  60 and supplies this
selected signal to the shift register 65. When the pitch synchronization
change pulse CHANG 1s "0", the selector 64 selects the "0" Input whereby
data stored in the shift register 65 Is circulatingly held. As described
previously, the pitch synchronization change pulse CHANG is generated In
synchronism with the pitch of the phase address signal PHA (i.e., in
synchronizm with the timing of generation of the note dock 20  pulse) when
the phase address signal PHA should be changed. Due to the conversion
processing in the high- low conversion section 43 (Fig. 5), the phase
address signal PHA does not change In synchronism with the pitch of the
tone to be generated. Accordingly, the tone waveshape sample point
amplitude signal generated by the tone generator 17 in response to this
phase address signal PHA does not change either In synchronism with the
pitch of the tone to be generated so that a noise which Is not harmonic
with the pitch of the tone will 25  be produced. For avoiding such
Inconvenience, the selection control is performed in the selector 64 in
accor- dance with the pitch synchronization change pulse CHANG for
resampling, in synchronism with the pitch of the tone to be generated, the
tone waveshape sample point amplitude signal generated by the tone
generator signal for each channel stored in the shift register 65 Is
converted to a signal which changes in synchronism with the pitch of the
tone to be generated in that channel with a result that the amplitude
signal S2 for the pre- 30  ceding sample point applied to the interpolation
circuit 63 changes in synchronism with the pitch of the tone to be
generated. After generation of the pitch synchronization change pulse
CHANG, the value of the phase address signal PHA changes and, in response
thereto, the tone waveshape sample point amplitude signal generated by the
tone generator 17 changes. Thus, when the tone waveshape sample point
amplitude signal produced by the 35  low-high speed conversion section 60
exhibits the amplitude value of the present sample point, the signal of the
same channel produced by the shift register 65 exhibits the amplitude value
of the immediately preceding sample point. The Interpolation circuit 63
Interpolates a section between the applied present sample point amplitude
sig- nal SI and the applied preceding sample point amplitude signal 82 in
accordance with the Interpolation address 40  data INT. When the
interpolation address data INT is "0", the preceding sample point amplitude
signal S2 sup- plied from the shift register 65 is directly delivered out.
if the tone range to which the tone to be generated belongs is higher than
the reference octave, the interpolation address date INT is always "0" so
that no inter- polation is performed but the preceding sample
pointamplitude signal S2 which has been brought into the pitch synchronized
state through the selector 64 and the shift register 65 provided for the
pitch synchronization is 45  always delivered out of the interpolation
circuit 63 ( in this case, this signal S2 virtually constitutes the present
sample point amplitude signal because the present sample point amplitude
signal SI is not used at all). If the tone range to which the tone to be
generated is lower than the reference octave, the interpolation address
data INT changes at a rate corresponding to the value of the decimal
section of the octave rate data RATE and the Interpolation Is effected.
Since the interpolation address data INT is a binary coded signal, the 50
Interpolation step number is sixteen steps at the maximum but the actual
interpolation step number Is deter- mined by the value of the decimal
section of the octave rate data RATE. For example, in a tone range one
octave below the reference octave, the value of the decimal section of the
data RATE is "1000" as shown in Table 2 and the interpolation address data
INT generated by the interpolation address counter 41 (Fig. 5) is "0000"
and "1000" alternately and repeatedly so that a section between two
adjacent sample points Is inter- 56  polated In two steps. In a tone range
two octaves below the reference octave, the value of the data RATE Is
"0100" and the Interpolation address data INT repeats "0000", 01 00, 1000
and "1100" so that a section be- 



tween two adjacent sample points is Interpolated In four steps. Similarly,
as the octave becomes lower, the value of the decimal section of the data
RATE becomes smaller and the interpolation step number increases. 13
EP0199192B1 When the interpolation address data INT successively changes to
"0000", a carry out signal is produced by the adder 44 In Fig. 5. This
causes the pitch synchronization change pulse CHANG to be generated and the
present sample point amplitude signal S1 to be loaded in the shift register
85 through the shift register 64 as the preceding sample point amplitude
signal S2. On the other hand, the phase address signal PHA Is advanced 5
by one address due to generation of the pulse CHANG whereby the sample
point of the tone waveshape sample point amplitude signal generated by the
tone generator 17 Is switched to a next one. Since the interpolation
address data INT changes in accordance with the timing of generation of the
note clock pulse, i.e., the address change request signal CRQ, the
interpolation is effected at a timing synchronized with the pitch of the
tone to be generated. This prevents an Interpolation dock component from
becoming a 10 noise and Instead enables it to be harmonized with the pitch
of the tone to be generated. The tone waveshape amplitude signals S1 and S2
of the two adjacent sample points applied to the inter- polation circuit 63
which are subjected to the interpolation are also signals which change in
synchronism with the pitch of the tone to be generated. As to the amplitude
signal S2 of the preceding sample point, this signal S2 Is loaded in the
shift register 65 in accordance with the pitch synchronization change pulse
CHANG as pre- 15 viously described so that it becomes a signal which
changes in synchronism with the pitch. As to the amplitude signal S1 of the
present sample point, no particular pitch synchronization operation is
effected. This is because the same effect as the pitch synchronization
operation is obtained without performing such operation. The pitch
synchronization operation is performed in accordance with the pitch
synchronization change pulse CHANG and this pitch synchronization operation
must necessarily be performed for a tone waveshape sample point 20
amplitude signal which has possibility of being substantially used at the
generation of the pitch synchronization change pulse CHANG. As described
above, the interpolation address data INT is "0" when the pitch synchron-
ization change pulse CHANG is generated and the preceding sample point
amplitude signal S2 is always se- lected directly whereas the present
sample point amplitude signal S1 is not used. When the interpolation data
INT has changed thereafter, the section between the two signals S1 and S2
is substantially interpolated. At 25 this time, a tone waveshape amplitude
signal at a sample point corresponding to the address signal PHAwhich has
changed in response to the pitch synchronization change pulse CHANG has
already been produced by the tone generator 17 and the present sample
pointamplitude signal S1 is provided by the low-high speed con- version
section 60 without fail. Accordingly, interpolation can be effected without
fail between the preceding sample point amplitude signal S2 and the present
sample point amplitude signal S1. For this reason, the pitch 30
synchronization operation as illustrated is necessary for the system of the
preceding sample point amplitude signal S2 whereas the pitch
synchronization can be achieved without a particular pitch synchronization
oper- ation with respect to the system of the present sample point
amplitude signal S1. If desired, however, a pitch synchronization operation
can be effected forthe present sample point amplitude signal S1 by
providing a pitch synchronization operation circuit constructed in the same
manner as the circuitry including the selector 64 and 35  the shift
register 64, utilizing the output of this circuit as the present sample
point amplitude signal S1 and ap- plying this signal S1 to a "1" input of
the selector 64. In Fig. 6, the output of the interpolation circuit 63 is
applied to an accumulator 67 in which tone waveshape sample point amplitude
signals for four channels are accumulated and the time division multiplexed
state of the respective channels Is cancelled. The output of the
accumulator 67 is a sum signal of the tone waveshape 40  sample point
amplitude signals for the four channels and has a sampling frequency which
is four times as long as the master dock pulse [err]  i.e., the common
sampling frequency fc [Description of a specific example of the
interpolation circuit 63] 45      The interpolation circuit 63 performs
Interpolation in accordance with a predetermined Interpolation func- tion
and may be constructed of any suitable circuit As the interpolation
function, a desired one among functions such as linear interpolation,
secondary interpolation and trigonometricfunction interpolation may be
employed. If an interpolation function other than the linear interpolation
is used, suitable means for generating an inter- polation coefficient in
response to the interpolation address data INT is provided. In the case of
the linear in- 50 terpolation, the interpolation address data INT can be
directly used as the Interpolation coefficient. Fig.7 shows an example of
the Interpolation circuit 63 employing the linear interpolation. The
present sam- ple point amplitude signal S1 and the preceding sample point
amplitude signal S2 are respectively digital sig- nals of fifteen bits. All
fifteen bits of the signal S1 are applied to a "1" input of a selector 68
and all fifteen bits of the signal S2 are applied to a"O"
inputoftheselector 68. To"1 and "O inputs of a selector69 are respectively 



55  applied signals of fourteen bits obtained by shifting down thesignals
S1 and S2 by one bit To "1" and "0" inputs of a selector 70 are
respectively applied signals of thirteen bits obtained by shifting down the
signals S1 and S2 by two bits. To "1"  and "0" inputs of a selector 71 are
respectively applied signals of twelve bits obtained by shifting down the
signals S1 and S2 by three bits. To selection control Inputs of the
selectors 68 - 71 are 14    EP0199192B1 respectively applied respective
bits INT3 - INTO of the interpolation address data INT. The bit INT3 Is the
most significant bit, the bit INT2 is a bit of the second weight the bit
INTI is a bit of the third weight and the bit INTO is the least significant
bit. The selectors 68 - 71 select the "1" input when the value of the
corresponding bit of the Interpolation address data INT (functioning as the
Interpolation coefficient) applied to the selection control 5   Input
thereof is "1" and select the "0" input when the value of the corresponding
bit Is "0". The output of the selector 71 and a signal on a line 76 which
Is obtained by shifting down the signal S2 by three bits are added together
in an adder 72. The output of the adder 72 and the output of the selector
70 are added together in an adder 73. The output of the adder 73 and the
output of the selector 69 are added together In an adder 74. The output of
the adder 74 and the output of the selector 68 are added together in an 10
adder 75. The output of the adder 75 is supplied to the accumulator 67 as
the output signal S of the Interpolation circuit 63. By the interpolation
circuit 63 of the above described construction, a linear interpolation
operation as shown by the following equation can be implemented: S = a x S1
+ bxS2  (5) 15     In this equation, a represents the interpolation address
data INT, Le., interpolation coefficient expressed in the decimal system.
Since a + b = 1, b is a decimal system number b = I - a and if b is
expressed as a complement, b becomes b = a + I (where 1 has weight
corresponding to the least significant bit of a expressed in the binary
system). Accordingly, the equation (5) can be implemented bymultiplying the
presentsample point amplitude signal 20  S1 with the respective bits INT3 -
INTO of the Interpolation address data INT, multiplying the preceding
sample point amplitude signal S2 with respective bits of an inverted signal
of the data INT and also multiplying the signal S2 with "0001", and adding
results of these multiplcations together. Assuming that the weight of the
most significant bit of the four-bit coefficient is 1, weight of the next
bit INT2 Is 112, that of the bit INT1 is 1/4 and that of the bit INTO is
118. Accordingly, multiplication of the respective bits INT3 - INTO with
the signals 25 SI and S2 can be effected simply by shifting down the
signals S1 and S2 which are multiplicands by one bit, two bits or three
bits. For this purpose, the signals obtained by shifting down the signals
SI and S2 by pre- determined bits are applied to the selectors 69 - 71. In
a case where the bitof the interpolation coefficientwhich is a multiplier
is "0", its product Is 0" without performing particular multiplication so
that no such multiplication is necessary. Accordingly, as to the signal SI
with which the coefficient a Is to be multiplied, it will suffice if 30
multiplication is made with a bit whose logical value Is "1 among the bits
INT3 - INTO. Therefore, when a cor- responding one of the bits INT3 - INTO
is "1" in the selectors 68 - 71, the signal SI or the signal obtained by
shifting down the signal SI by a predetermined number of bits is selected
and the selected output is added through the adders 72 - 75 whereby the
multiplication of the first term of the right member of the equation (5),
i.e., a x SI, can be Implemented. As to the signal S2 with which the
coefficient b is to be multiplied, it will suffice 35  if it is multiplied
with the inverted signal a of the coefficient a and also with "00001" so
that a bit whose logical value is "O" among the bits INT3 - INTO is
inverted and the signal S2 is multiplied with this inverted signal as well
as with 0001. Therefore, when a corresponding one of the bits INT3 - INTO
is 0" in the selectors 68 - 71, the signal S2 or the signal obtained by
shifting down the signal S2 by a predetermined number of bits Is selected,
a signal obtained by shifting down the signal S2 by three bits (this signal
is equivalent to a product 40  of multiplication of the signal S2 with
"0001") is applied to the adder 72 via the line 76, and these selected out-
puts and the signal on the line 76 are added in the adders 72 - 75 whereby
the multiplication of the second term of the right member of the equation
(5), i.e., b x S2, can be implemented. Further, the adders 72 - 75 perform
the function of adding the products of the first and second terms of the
right member of the equation (5) together. In the foregoing manner, the
adder 75 provides the signal S which Is equivalent to a result of the 45
Interpolation operation of the equation (5). In the example shown in the
figure, less significant bits of the signals obtained by shifting down the
signals SI and S2 are discarded by the numberof bits shifted down.
Alternatively, all of the fifteen bits may be applied and these bits may be
weighted in the input stages of the adders 72 - 75 in accordance with the
number of bits to be shifted down. 50 



[Description of a modified example] In the address signal generation
circuit 16 shown in Fig. 5, the high-low speed conversion section 43 may be
modified as shown in Fig. 8. 55      In the example shown In Fig. 8, the
high-low speed conversion of the time division speed Is performed channel
by channel in parallel. In the figure, a high-low speed conversion circuit
77-1 for the channel I only is Illustrated in detail but other circuits
77-2 through 77-4 for the other channels are of the same construction
except that high speed channel timing pulses CHI - CH4 and low speed
channel timing pulses PGCHI -    EP0199192B1 PGCH4 used in these circuits
are different one channel from another. An example each of the timing
pulses CHI - CH4 and PGCHI - PGCH4 is shown in Figs. 2(g) and 2(h). Integer
section data of the octave rate data RATE derived from the gate 40 through
the OR gate 47 in Fig. 5 Is applied to a gate 78. This gate 78 is opened in
response to the high speed channel timing pulse CH1 cor- 5   responding to
the channel I and the integersection data forthe channel 1 is applied to a
latch circuit 79 through the gate 78. All bits of the output of the gate 78
are applied to an OR gate 80 and when any bit of the integer section which
has been gated out of the gate 78 is "1" , the output of the OR gate 80 is
turned to "1". The output of this OR gate 80 is applied to a latch control
Input L of the latch circuit 79 and thereby causes the integer section data
to be latched in the latch circuit 79. The output signal "1" of the OR gate
80 Is also delivered out 10  through an OR gate 84 as the pitch
synchronization change pulse CHANG. The integer section data latched in the
latch circuit 79 is applied to a gate 81 and is gated out of the gate 81 in
response to the low speed channel timing pulse PGCHI corresponding to the
channel 1. All bits of the output of the gate 81 are applied to an OR gate
82 and when any of the integer section data which is "1 is gated out of the
gate 81, the output of the gate 82 is turned to "1". This output signal "1"
of the OR gate 82 is 15  applied to a reset Input R of the latch circuit 79
through an OR gate 83. In the latch circuit 79, data latched therein is
reset when the signal In the reset input R falls from 1 to "O".
Accordingly, immediately upon elapse of time equivalentto the pulse width
of the pulse PGCHI (e.g., time of sixteen periods of the master clock pulse
[err] ) after the Integer section data of the octave rate data RATE latched
In the latch circuit 79 has been selected by the gate 81, the data latched
in the latch circuit 79 is reset. To other inputs of the OR gate 83 is
applied an 20  ANDed ouptut of the inverted key-on pulse KONP and the high
speed channel timing pulse CHI. In the above described manner, the
conversion circuit 77-1 for the channel I converts the Integer section data
of the octave rate data RATE for this channel to data of the low speed time
division timing controlled by the low speed channel timing pulse PGCH1. The
other circuits 77-2 through 77-4 likewise convert data for their channels
to data of the low speed time division timing. The data of the low speed
time division timing 25  provided by the conversion circuits 77-1 through
77-4 are multiplexed by an OR gate group 85 and thereafter are supplied to
the adder 50 (Fig. 5) of the phase address counter 42. [Description of
another embodiment] 30      Fig. 9 shows another embodiment of the
Invention. In Fig. 9, illustration of the circuit portion Including the
keyboard, depressed key detection circuit and key assigner Is omitted. NC1
- NC4 represent note codes indi- cating note names of keys assigned to the
respective channels 1 - 4 and these note codes NCI - NC4 are applied In
parallel to note clock generation circuits 86-1 through 86-4. The note
clock generation circuits 86- 1 through 86-4 respectively generate note
clock pulses, i.e., address change request signals CRQ1 - CRQ4 35  which
have frequencies corresponding to the note names of the applied note codes
NCI - NC4. The circuits 86-1 through 86-4 may be of any known construction,
e.g., a variable frequency-dividing circuit or a voltage- controlled type
clock oscillator. The note clock pulses, i.e., the address change request
signals CRQ1 -CRQ4, for the tones to be generated in the respective
channels are applied to a time division control circuit 87 In which they
are time division mul- 40  tiplexed in accordance with channel timing
pulses CHPI - CHP4. Aspecific example ofthis time division control circuit
87 is not shown. The pulses CHPI, CHP2, CHP3 and CHP4 are timing pulses
which, as the pulses CH1 - CH4 shown in Fig. 2(g), are generated in
correspondence to time division time slots of the respective chan- nels.
Responsive to these pulses CHPI - CHP4, the note clock pulses CRQ1 - CRQ4
of the corresponding channels are selected and multiplexed and thereafter
are provided on a single line 88. In a case where any of 45  the note dock
pulses CRQ1 - CRQ4 having a certain pulse width is selected, it is
preferable that after it is se- lected once at rising of the pulse in
response to the pulse CHPI - CHP4, the sustain portion of this pulse should
not be selected so that the note dock pulses CRQI - CRQ4 are time division
multiplexed in a differentiated state. OCTI - OCT4 are octave codes
representing octaves of tones to be generated in the respective channels 50
and these octave codes are applied In parallel to a time division control
circuit 89. This time division control 



circuit 89, like the time division control circuit 87, time division
multiplexes the cotave codes OCTI - OCT4 for the respective channels in
response to the channel timing pulses CHP1 - CHP4. The note clock pulses on
the line 88 are applied to an address signal generation circuit 90. The
address signal generation circuit 90 counts the applied note clock pulses
channel by channel on a time shared basis 55  and generates an address
signal which changes In accordance with timing of generation of these note
clock pulses. The generated address signal is applied to an octave shift
circuit 91 in which the address signal of the corresponding channel is
bit-shifted in response to the octave codes for the respective channels
supplied in time division from the time division control circuit 89. 16
EP 0199 192 B1 The integer section of the address signal from the shift
circuit 91 is supplied to a tone generator 92 in which tone waveshape
amplitude signals of sample points corresponding to the value of the
integersection are gen- erated. The decimal section of the address signal
is applied through a delay circuit 93 to pitch synchronization and
interpolation circuits 94-1 through 94-4. The delay circuit 93 is provided
for effecting a delay corresponding 5   to a signal delay time between
input and output signals in the tone generator 92. The pitch
synchronization and interpolation circuits 94-1 through 94-4 are provided
in parallel for the re- spective channels. In the figure, a specific
example of the circuit 94-1 for the channel I only Is Illustrated but the
other circuits 94-2 through 94-4 for the other channels are of the same
construction as the circuit 94-1 except that the timing pulses CHPI - CHP4,
the note clock pulses, i.e., the address change request signals 10  CRQ1 -
CRQ4 and the pitch synchronization change pulses CHANG1 - CHANG4 differ
from one another de- pending upon the channel. In the pitch synchronization
and interpolation circuit 94-1, the tone waveshape sample point amplitude
sig- nal generated In time division bythe tone generator 92 is applied to a
latch circuit 95 and the signal correspond- ing to the channel I Is latched
in the latch circuit 95 corresponding to the channel I in response to the
channel 15  timing pulse CHPI. The decimal section data of the address
signal delivered through the delay circuit 93 is applied to a latch circuit
96 and data corresponding to the channel 1 is latched in the latch circuit
96 In response to the pulse CHP1. These latch circuits 95 and 96 are
provided for releasing the time division multiplexed state. The output of
the latch circuit 95 Is applied to a latch circuit 97. The output of the
latch circuit 97 is applied to an interpolation circuit 98 as the tone
waveshape amplitude signal S1 of the present sample point and also 20  to a
latch circuit 99. The output of the latch circuit 96 is applied to a latch
circuit 100 and the output of the latch circuit 100 In turn is applied to
the interpolation circuit 98 as the interpolation address data INT. The
latch circuit 100 Is latch controlled by the note clock pulse, i.e., the
address change requestsignal CRQ1. The latch circuits 97 and 99 are latch
controlled by the pitch synchronization change pulse CHANG1. The pitch
synchronization change pulses CHANG1 - CHANG4 corresponding to the
respective channels 25  are obtained by frequency-dividing the note clock
pulses CRQ1 - CRQ4 by variable frequency-dividing circuits 101 - 104 at
frequency dividing ratios corresponding to the octave codes OCTI - OCT4.
These frequency div- iding ratios are determined in relation to the shift
amount In the octave shift circuit 91. By way of example, the octave shift
circuit 91 is operated in such a manner that no shifting of the address
signal is performed when the octave designated by the octave code is the
predetermined reference octave, the address signal Is shifted 30  up by the
number of bits corresponding to an oactave difference when the designated
octave is higher than the reference octave, and the address signal is
shifted down by the number of bits corresponding to an octave difference
when the designated octave is lower than the reference octave. For example,
In the case where the address signal is not shifted, i.e., in the case of
the reference octave, all bits of the address signal generated in the
address signal generation circuit 90 are supplied to the tone generator 92
as the Integer section data. 35  In this case, the timing of change of the
integer section of the address signal corresponds to the timing of change
of the note clock pulses, i.e., the address change request signals CRQ1 -
CRQ4 (though the timing does not completely synchronize with the change of
the note dock pulses since it is time division controlled bythe time
division control circuit 87). In the case where the address signal is
shifted up, all bits of the address signal are supplied to the tone
generator 92 as the Integer section data in a state in which these bits are
mul- 40  tiplied by [err] (n representing the shift amount). In this case,
more significant bits exceeding the bit number of the integersection data
are discarded. In this case also, the timing of change of the address
signal corresponds to the timing of change of the note clock pulses, i.e.,
the address change request signals CRQ1 - CRQ4. On the other hand, in the
case where the address signal Is shifted down, a part of more significant
bits of the ad- dress signal are applied to the tone generator 92 as the
integer section data and less significant bits are applied 45  to the delay
circuit 93 as the decimal section data and supplied through the latch
circuits 96 and 100 to the interpolation circuit 98 as the interpolation
address data INT. In this case, the timing of change of the Integer 



section of the address signal applied to the tone generator 92, I.e., the
timing of change of the sample point amplitude signal generated by the tone
generator 92, does not correspond to the timing of change of the note clock
pulse, i.e., the address change request signals CRQ1 - CRQ4 but changes In
accordance with the shift 50  amount n at a period which is [err] times as
long as the note dock pulse (in this case too, the change does not take
place in synchronism with the change of the note dock pulse). The frequency
dividing circuits 101 - 104 are provided for generating the pitch
synchronization change pulses CHANG1 - CHANG4 which correspond to the above
described timing of change of the integer section of the address signal,
Le., the timing of change of the tone waveshape sample point signal
generated by the tone generator 92, and are synchronized with the 65  note
clock pulses, i.e., the address change request signals CRQ1 - CRQ4. More
specifically, if the octave designated by the octave codes OCTI - OCT4 is
higher than the reference octave, the frequency dividing circuits 101-104
deliveroutthe applied note clockpulses CRQ1 - CRQ4 directly as the pitch
synchronization change pulses CHANG1 - CHANG4 without applying the
frequency division, set- 17    EP0199192B1 ting the frequency dividing
ratio at 1/1 whereas if the octave is lower than the reference octave,
these circuits 101 - 104 frequency-divide the applied note dock pulses CRQ1
- CRQ4 setting the frequency dividing ration at [err] (n being the octave
difference) and deliver out the frequency-divided outputs as the pitch
synchroni- zation change pulses CHANGI - CHANG4. 5      By controlling the
latch circuits 97 and 99 by this pitch synchronization change pulse CHANG1,
thre present sample point tone waveshape amplitude signal S1 is latched In
the latch circuit 97 in synchronism with this pitch and the preceding
sample point tone waveshape amplitude signal S2 is latched in the latch
circuit 99 in synchronism with the pitch. Further, by controlling the latch
circuit 100 by the note clock pulse CRQI, the deo- imal section data of the
address signal, i.e., the interpolation data INT, is latched In the latch
circuit 100 in syn- 10  chronism with the pitch of the generated tone. In
the foregoing manner, the amplitude signals SI and S2 of the two adjacent
sample points and the in- terpolation address data INT applied to the
interpolation cirucit 98 are all synchronized with the pitch of the tone to
be generated so thatfrequencies of the tone waveshape sampling frequency
and the frequency of the Interpolation step are harmonized with the tone
pitch and the likelihood of generation of inharmonic noise there- 15  fore
is eliminated. The interpolation circuit 98 is of the same construction as
the previously described interpo- lation circuit 63, interpolating the
amplitude value between the two adjacent sample points In response to the
interpolation address data INT. The tone waveshape sample point amplitude
signals generated by the pitch synchronization and interpo- lation circuits
94-1 through 94-4 are added together in an addition circuit 105 and
supplied to a sound system 20  through a digital-to-analog converter (not
shown). For the same reason that no particular pitch synchronizing
operation is conducted in the circuit of Fig. 6 for the amplitude signal S1
of the present sample point, the latch circuit 97 for the pitch
synchronization in Fig. 9 may be omitted. In the embodiment shown in Fig.
1, the pitch syncrhronization and interpolation circuit 18 shown in Fig. 6
25  may be substituted by the pitch synchronization and interpolation
circuits 94-1 through 94-4 for the respective channels having the time
division releasing latch circuit as shown in Fig. 9. If the Interpolatloon
operation is performed in a state released from the time division
multiplexed state as in the pitch synchronization and interpolation
circuits 94-1 through 94-4 an analog type interpolation circuit may be
employed as the interpolation circuit 98. This is achieved by converting
the output of the tone generator 30  92 to an analog signal, holding the
converted signal for the respective channels by a suitable holding means
such as a capacitor and applying the output of the holding means to an
analog interpolation circuit including a resistance divided circuit. In the
embodiment of Fig. 1, the note dock generation circuit 15 is not limited to
the circuit performing the time division operation among the plural
channels as shown in Fig. 3 but may be separate circuits provided 35
Independently for the respective channels as the note dock generation
circuits 86-1 through 86-4. For having the effective sampling frequency of
the tone signal synchronized with the pitch, the pitch syn- chronization is
achieved In the above described embodiments by generating the note dock
pulse by the note clockgeneration circuit, forming the pitch
synchronization change pulse in accordancewith the note clock pulse and
resampling, in response to the pitch synchronization change pulse, the tone
waveshape sample point am- 40  plitude signals for the respective channels
generated on a time shared basis in synchronism with the time di- vision
timing which is not synchronized with the pitch. The pitch synchronization,
however, may be realized In other manners. For example, the pitch
synchronization may be realized by shifting a tone waveshape sample 



point amplitude signal of a certain time division channel to a time slot of
another channel for pitch synchroni- zation and adding this shifted signal
to a tone waveshape sample point amplitude singal of that channel. 45
In the above described embodiment, the interpolation is effected between
two adjacent sample points. The interpolation, however, may be performed
between skipped sample points or between three ormore sam- ple points. In
the above described embodiments, the tone range is determined on the basis
of one octave unit and the Interpolation processings are performed in
correspondence to the tone range thus determined on the basis 50  of one
octave unit. The invention, however, is not limited to this but the tone
range may be determined on the basis of any octave unit, such as two octave
units or a half octave unit. The number of note names of the note clock
pulses which can be generated In the note dock generation circuits 15 and
86-1 through 86-4 in the above described embodiments is not limited to
twelve note names within one octave but it may be one corresponding to
relative note names (e.g., twentyfour note names within 55  two octaves) in
a suitable octave range (e.g., a tone range of two octave units). In the
above described embodiments, the interpolation of amplitude values between
sample points is per- formed in accordance with the octave of a tone to be
generated. Alternatively, the Interpolation may be per- formed constantly
regardless of the tone range. In a case where the interpolation Is
performed in accordance 18    EP0199192B1 with the octave of a tone to be
generated, waveshape resolution can be Improved depending upon the octave
of the tone to be generated whereby an aliasing noise In a lower tone range
for example can be eliminated as described in the foregoing and the quality
of the generated tone can thereby be improved. In a case where the
Interpolation is performed regardless of the tone range, waveshape
resolution can be improved in any tone 5   range and, accordingly, even if
a tone signal has been generated with a relatively coarse sampling interval
by a tone generator of a relatively simple construction, the sampling
interval of the finally generated tone can be made finer and the quality of
the generated tone can thereby be Improved. In sum, according to the
invention, Interpolation is performed In accordance with the tone range of
a tone to be generated so that decrease In the effective sampling frequency
in a lower tone range can be prevented 10  and occurrence of an aliasing
noise can therefore be eliminated. Further, according to the invention, the
circuit construction can be simplified by generating tone signals in plural
channels on a time shared basis and besides the problem of the aliasing
noise can be solved by caus- ing the pitch of a tone signal generated in
each channel and the sampling frequency to be synchronized with each other.
In addition, by Interpolating the tone waveshape amplitudes between sample
points at a timing 15  synchronized with the pitch of thetone, the
qualityofthe generated tone can be improved and inharmonic noise which
tends to be produced by interpolation can be eliminated. Claims 20 1. A
tone signal generation device comprising: pitch designation means (10-11)
for designating a tone pitch of a tone to be generated; address signal
generation means (12-16) connected to said pitch designation means, for
generating an address signal corresponding to a progressive phase of the
tone to be generated in accordance with the 25     tone pitch designated by
said pitch designation means; waveshape generation means (17) connected to
said address signal generation means and having a memory storing at least
one tone waveshape in the form of sampled amplitude values for the tone
signal, said waveshape generation means reading out the sampled amplitude
values from said memory in ac- cordance with the address signal and
outputting the read out sampled amplitude values, so as to form a 30
tone waveshape; and interpolation means (18) connected to said waveshape
generation means, for interpolating between at least two of the outputted
samples amplitude values and for outputting an interpolated result as a new
sampled amplitude value constituting said tone signal, characterized in
that 35      said interpolation means (18) performs said interpolation of
said sampled amplitude values more densely with respect to the time-axis as
said tone pitch becomes lower. 2. The tone signal generation device of
claim 1, wherein there are provided plural channels each for gener- ating a
tone signal having a tone pitch in response to an output of said pitch
designation means (10-11), .   40      said plural channels being realized
by a time sharing operation of said address signal generation means
(12-16), waveshape generation means (17) and Interpolation means (18). 



3. The tone signal generation device as defined In claim 1 or 2 wherein
said Interpolation means (18) per- forms an interpolation operation only
when said tone pitch Is lower than a predetermined reference tone 45
pitch. 4. The tone signal generation device as defined In one of claims 1-3
wherein the number of Interpolation steps increases as said Interpolation
becomes denser. 50  5. The tone signal generation device as defined in
claim 3 wherein said waveshape generation means (17) skips over at least
one of said sampled amplitude values only when said tone pitch is higher
than said reference tone pitch. 6. The tone signal generation device as
defined in one of claims 1-5 wherein said interpolation means (18) 55
performs said denser interpolation as the tone range to which said tone
pitch belongs becomes lower. 7. The tone signal generation device as
defined In claim 6 wherein said tone range is determined on the basis of
octave unit. 19    EP 0 199 192 B1 with the octave of a tone to be
generated, waveshape resolution can be Improved depending upon the octave
of the tone to be generated whereby an aliasing noise in a lower tone range
for example can be eliminated as described In the foregoing and the quality
of the generated tone can thereby be improved. In a case where the
interpolation is performed regardless of the tone range, waveshape
resolution can be improved in any tone 5   range and, accordingly, even if
a tone signal has been generated with a relatively coarse sampling interval
by a tone generatorof a relatively simple construction, the sampling
interval of the finally generated tone can be made finer and the quality of
the generated tone can thereby be improved. In sum, according to the
invention, interpolation Is performed in accordance with the tone range of
a tone to be generated so that decrease in the effective sampling frequency
in a lower tone range can be prevented 10  and occurrence of an aliasing
noise can therefore be eliminated. Further, according to the Invention, the
circuit construction can be simplified by generating tone signals In plural
channels on a time shared basis and besides the problem of the aliasing
noise can be solved by caus- ing the pitch of a tone signal generated in
each channel and the sampling frequency to be synchronized with each other.
In addition, by interpolating the tone waveshape amplitudes between sample
points at a timing 15 synchronized with the pitch of the tone, the quality
of the generated tone can be improved and inharmonic noise which tends to
be produced by interpolation can be eliminated. Claims 20 1. Atone signal
generation device comprising: pitch designation means (10-11) for
designating a tone pitch of a tone to be generated; address signal
generation means (12-16) connected to said pitch designation means, for
generating an address signal corresponding to a progressive phase of the
tone to be generated in accordance with the 25      tone pitch designated
by said pitch designation means; waveshape generation means (17) connected
to said address signal generation means and having a memory storing at
least one tone waveshape in the form of sampled amplitude values for the
tone signal, said waveshape generation means reading out the sampled
amplitude values from said memory in ac- cordance with the address signal
and outputting the read out sampled amplitude values, so as to form a 30
tone waveshape; and interpolation means (18) connected to said waveshape
generation means, for interpolating between at least two of the outputted
samples amplitude values and for outputting an interpolated result as a new
sampled amplitude value constituting said tone signal, characterized In
that 35      said interpolation means (18) performs said interpolation of
said sampled amplitude values more densely with respect to the time-axis as
said tone pitch becomes lower. 2. The tone signal generation device of
claim 1, wherein there are provided plural channels each forgener- ating a
tone signal having a tone pitch in response to an output of said pitch
designation means (10-11), 40      said plural channels being realized by a
time sharing operation of said address signal generation means (12-16),
waveshape generation means (17) and interpolation means (18). 3. The tone
signal generation device as defined in claim I or 2 wherein said
interpolation means (18) per- forms an interpolation operation only when
said tone pitch is lower than a. predetermined reference tone 45
pitch. 4. The tone signal generation device as defined in one of claims 1-3
wherein the number of interpolation 



steps increases as said interpolation becomes denser. 50  5. The tone
signal generation device as defined In claim 3 wherein said waveshape
generation means (17) sidps over at least one of said sampled amplitude
values only when said tone pitch is higher than said reference tone pitch.
6. The tone signal generation device as defined in one of claims 1-5
wherein said Interpolation means (18) 55      performs said denser
interpolation as the tone range to which said tone pitch belongs becomes
lower. 7. The tone signal generation device as defined in claim 6 wherein
said tone range is determined on the basis of octave unit. 19    S. The
tone signal generation device as defined in one of claims 1-7, wherein said
address signal generation means (12-16) comprises: note dock generation
means (15) connected to said pitch designation means, for generating note
dock pulses (CRQ) corresponding to a note name of the tone pitch designated
by said pitch designation 5       means; rate data generation means (14)
connected to said pitch designation means, forgenerating numer- ical rate
data (RATE) having a numerical value which corresponds to a tone range to
which the tone pitch designated by said pitch designation means belongs;
address signal producing means (16) connected to said note dock generation
means and rate data 10      designation means, for producing an address
signal by performing addition orsubtraction of said numer- ical rate data
(RATE) at the timing of generation of said note clock pulses (CRQ), and
wherein said waveshape generation means (17) generates said tone waveshape
in the form of sam- pled amplitude values in response to an integer section
(PHA) of said address signal, and said interpolation means (18) performs
said Interpolation of said sampled amplitude values in accordance 15
with a decimal section (INT) of said address signal, whereby a denser
interpolation is performed as said tone pitch becomes lower. 9. The tone
signal generation device as defined in claim 8 wherein said numerical rate
data (RATE) corre- sponds to the difference between the tone range to which
said tone pitch belongs and a predetermined 20      reference tone range.
10. The tone signal generation device as defined in one of claims 2-9,
which furthercomprises pitch synchron- izing means (15, 16, 18;64)
connected to said pitch designation means and waveshape generation means,
for synchronizing timing of change of sampled amplitude value of the tone
waveshape generated in each 25      channel with the pitch of the tone to
be generated in that channel, and wherein said Interpolation means (18)
performs said Interpolation of said sampled amplitude values of each
channel having been synchronized by said pitch synchronizing means in same
channel at a timing synchronized with the pitch of the tone to be generated
in the channel. 30  11. The tone signal generation device as defined in
claim 10 wherein said pitch synchronizing means com- prises: note clock
generation means (15) for generating, for each channel, a note dock pulse
(CRQ) having a frequency corresponding to the note name of a tone to be
generated; pitch synchronization change pulse generation means (16) for
generating, for each channel, a pitch syn- 35      chronization change
pulse (CHANG) in synchronism with one or more periods of this note clock
pulse; and means (64) for resampling the tone waveshape sample point
amplitude signal of each channel generated by said tone generation means in
response to the pitch synchronization change pulse (CHANG) corre- sponding
to that channel. 40 12. The tone signal generation device as defined in
claim 10 which further comprises interpolation variable supply means
(41)forsupplying, responsive tothe note clock pulse (CRQ) having a
frequencycorrespond- ing to a tone to be generated, interpolation variable
data (INT) which changes in synchronism with this note clock pulse (CRQ)
within time between sample points to be interpolated, said interpolation
means 45      (63) performing an interpolation in response to said
Interpolation variable data (INT). 13. The tone signal generation device as
defined in claim 10 wherein said pitch synchronizing means com- prlses:
means (15) for generating, for each channel on a time shared basis, a note
dock pulse (CRQ) having a 50      frequency corresponding to the note name
of a tone to be generated in the channel; means (16) for generating, for
each channel, an address signal (PHA) by counting change rate data 



(RATE) corresponding to the octave of a tone to be generated in each
channel in response to the note clock pulse (CRQ); means (48) for
generating a pitch synchronization change pulse (CHANG) in response to a
timing atwhich 55      an integer section of the address signal (PHA) is to
be changed; and means (64) for resampling the tone waveshape sample point
amplitude signal of each channel generated by said tone generation means
(17) in response to the pitch synchronization change pulse (CHANG). 20
PatentanspruOche 1. Tonslgnalerzeugungsvorrichtung, mit
einerTonhohenbezeichnungseinrichtung (10-11) zur Bezeichnung einer Tonhohe
sines zu erzeugenden 5       Tones; einer mit der
Tonh8henbezeichnungseinrichtung verbundenen
Adreosignalerzeugungseinrichtung (12- 16) zur Erzeugung eines Adrelasignals
entaprechend einerfortschreitenden Phase des entsprechend der von der
Tonh6henbezeichnungseinrichtung festgelegten Tonhohe zu erzeugenden Tones;
einerWellenformerzeugungseinrichtung (17), die
mitderAdreBsignalerzeugungseinrichtung verbunden 10      lst und elnen
Speicher aufweist, welcher mindestens esne Tonwellenform In Form von
Abtast- Amplitudenwerten fOr das Tonsignal speichert, wobel die
Wellenformerzeugungseinrichtung die Abtast- Amplitudenwerte entsprechend
dem Adregsigsnal aus dem Speicher ausliest und die ausgelesenen
Abtast-Ampitudenwerts ausgibt um sine Tonwellenform zu erzeugen; und elner
mit derWellenformerzeugungseinrichtung verbundenen
Interpolationseinrichtung (18) zur Interpo- 15     latfon zwischen
mindestens zwei der ausgegebenen Abtast-Amplitudenwerte und zur Ausgabe
sines In- terpolatlonsergebnisses als das Tonsignal bildender neuer
Abtast-Amplitudenwert, dadurch gekennzeichnet, daB die
Interpolationseinrichtung (18) die Interpolation derAbtast-Amplitudenwerte
in bezug auf die Zeitachse dichber durchf~hrt, wenn die Tonh8he tiefer
wWrd. 20 2. Tonsignalerzeugungsvorrichtung nach Anspruch 1 bei der mehrere
Kanale jeweils zur Erzeugung sines Tonsignals vorgesehen sind, welches sine
Tonh8he in Reaktion aut sin Ausgangssignal der Tonhohen-
bezeichnungseinrichtung (10-11) hat wobei die mehreren Kanale durch einen
Zeitteilungsbetrieb der Adre~signalerzeugungselnrichtung (12-16), der
Wellenformerzeugungseinrichtung (17) und der Interpo- 25
lationseinrichtung (18) realisiert sind. 3. Tonsignalerzeugungsvorfichtung
nach Anspruch I oder 2, bei der die Interpolationseinrichtung (18) eine
Interpolationsoperation nurausfGhrt, wenn die Tonh8he niedrigerals eine
vorbestimmte Referenztonh8he lst. so 4. Tonsignalerzeugungsvorrichtung nach
einem der Ansprflche 1-3, bei der die Anzahl der Interpolations- schritte
mit dichter werdender Interpolation zunimmt. 5.
Tonsignalerzeugungsvorrichtung nach Anspruch 3, be! der die
Wellenformerzeugungseinrichtung (17) 35      mindestns einen
derAbtast-Amplitudenwerte nurfiberspringt wenn die Tonhohe hoherals die
Referenz- tonh8he let. 6. Tonsignalerzeugungsvorrichtung nach einem der
Ansprflche 1-5, bei der die lnterpolatlonseinrichtung (18) die dichtere
Interpolation durchffhrt, wenn der Tonberelch, zu dem die Tonhohe gehort
tieferwird. 40 7. Tonsignalerzeugungsvorfichtung nach Anspruch 6, bei der
der Tonberelch auf der Basis von Oktavenein- heiten bestimmt wird. 8.
Tonsignalerzeugungsvorrichtung nach sinem der Ansprfche 1-7, bel der die
Adrelsignalerzeugungsein- 45      richtung (12-18) aufweist: sine
mitderTonhohenbezsichnungseinrichtung verbundene
Notentaiterzeugungseinrichtung (15) zur Erzeugung von Notentaktimpulsen
(CRQ) entsprechend einer Notbnbezeichnung der von der Tonh5-
henbezelchnungseinrichtung festgelegtbn Tonhohe; sine mit der
Tonh8henbezeichnungseinrichtung verbundene Ratbndatenerzeugungselnrichtung
5D      (14) zur Erzeugung numefischer Ratendaten (RATE) mit einem
numerischen Wert, der elnem Tonbereich entspricht zu dem die von der
Tonhohenbezelchnungseinrichtung festgelegte Tonh8he geh8rt; sine mit der
Notentakterzeugungseinrichtung und der Ratbndatenbezeichnungselnrichtung
ver- bundeneAdreEsignalerzeugungseinrichtung (16) zur Erzeugung sines
Adre~signals durch Durchf0hrung einer Addition oder Subtraitlon der
numerischen Ratendaten (RATE) zeitlich abgestimmt mit der Erzeu- 



55      gung der Notentaktimpulse (CRQ), und bel der die
Wellenformerzeugungseinrichtung (17) die Tonwellenform In Form von Abtast-
Amplitudenwerten in Reaktlion auf einen Ganzzahlabschnitt (PHA) des
Adrefeignals erzeugt, und die Intbrpolationseinrichtung (18) die
Interpolation derAbtast-Amplitudenwerte entsprechend sinem De- 21    EP 0
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zimalabschnitt (INT) des Adre~signals durchfGhrtl wodurch oine dichtere
Interpolation durchgef0hrtwird, wenn die Tonhohe tiefer wird. 9.
Tonsignalerzeugungsvorrichtung nach Anspruch 8, bel derdie numerischen
Ratendaten (RATE) der Differenz 5       zwischen dem Tonberebch, zu dem die
Tonhohe gehort, und einem vorbestimmten Referenztonbereich ent- sprechen.
10. Tonsignalerzeugungsvorrichtung nach einem der Ansprache 2-9, die ferner
sine mit der Tonh8henbe- zeichnungseinrichtung und der
Wellenformerzeugungseinrichtung verbundene Tonhohensynchronisati- 10
onseinrichtung (15,16,18;64) zur Synchronisation der Zeitsteuerung der
Veranderung des Abtast- Amplitudenwertes der in jedem Kanal erzeugben
Tonwilenform mit der Hohe des in diesem Kanal zu er- zeugenden Tones, und
bel der die Interpolationseinrichtung (18) die Interpolation der von der
Tonhohen- synchronisationseinrichtung synchronisierten
Abtast-Amplitudenwertb jedes Kanals in demselben Kanal zu einem Zeltpunkt
durchfuhrt, der mit der Tonhohe des in dem Kanal zu erzeugenden Tones
synchroni- 15      siert ist. 11. Tonsignalerzeugungsvorrichtung nach
Anspruch 10, bei der die Tonh8hensynchronisationseinrichtung aufweist: elne
Notentakterzeugungseinrichtung (15), um firjeden Kanai elnen
Notentaktimpuls (CRQ) mit einerder 20      Notenbezelchnung eines zu
erzeugenden Tones entsprechenden Frequenz zu erzeugen; i.,           esne
Tonh8hensynchronisationsveranderungsimpulserzeugungseinrichtung (16), um
fOr jeden Kanal In Synchronisation mit einer oder mehreren Perioden dieses
Notentaktimpulses einen Tonh8hensynchroni- sationsverinderungsimpuls
(CHANG) zu erzeugen, und sine Einrichtung (64), um das
TonwellenformabtastpunktamplitudensignaI jedes Kanals, das von derTon- 25
erzeugungseinrichtung erzeugtworden ist, in Reaktion auf den
Tonh8hensynchronisationsverlnderungs- impuls (CHANG), der diesem Kanal
entspricht, neu abzutasten. 12. Tonsignalerzeugungsvorrichtung nach
Anspruch 10, die ferner eine Interpolationsvariablenliefereinrichtung (41)
aufwelst, um in Reaktion auf den Notentaktimpuls (CRQ) mit einer einem zu
erzeugenden Ton ent- 80      sprechenden Frequenz
Interpolationsvariablendaten (INT) zu liefern, die sich synchron mit diesem
No- tentaktimpuls (CRQ) Innerhalb derZeitzwischen den zu interpolierenden
Abtastpunkten verindern, wobei die Interpolationseinrichtung (63) in
Reaktion auf die Interpolationsvariablendaten (INT) eine Interpolation
durchffhrt 35  13. Tonsignalerzeugungsvorrichtung nach Anspruch 10, bei der
die Tonh8hensynchronisationseinrichtung aufweist: eine Einrichtung (15), um
fOr jeden Kanal auf einer Zeitteilungsbasis elnen Notentaktimpuls (CRQ) mit
elner der Notenbezeichnung elnes In dem Kanal zu erzeugenden Tones
entsprechenden Frequenz zu er- zeugen; i    40      eine Einrichtung (16),
um in Reaktion auf den Notentaktimpuls (CRQ) fir jeden Kanal durch Zahlen
der Verfinderungsratendaten (RATE), die der Oktave eines In jedem Kanal zu
erzeugenden Tones entepre- chen, ein AdreSsignal (PHA) zu erzeugen; eine
Einrichtung (48), um in Reaktion auf einen Zeitpunkt, an dem ein
Ganzzahlabschnitt des AdreSsi- gnals (PHA) zu verandern ist, einen
Tonhohensynchronisationsveranderungsimpuls (CHANG) zu erzeu- 45      gen;
und eine Einrichtung (64), umdasvonderTonerzeugungseinrichtung (17)
erzeugteTonwelienformabtastpunkt- amplitudensignal in Reaktion auf den
Tonhohensynchronisationsveranderungsimpuls (CHANG) neu ab- zutasten. 50
Revendlications 1. Dispositif g6n6rateur de signaux de son, comprenant un
moyen de d6signation de hauteur (10 - 11), destin6 a d6signer une hauteur
de son d'un son a 55      g6n6rer, un moyen g6ndrateur de signaux d'adresse
(12-16) relie audit moyen de d6signatlon de hauteur, 



destin6 a g6n6rer un signal d'adresse correspondant a une phase progressive
du son a g6n6rer selon la hauteur de son design6e par ledit moyen de
d6signation de hauteur, 22    un moyen gen6rateur de fonmes d'onde (17)
reli6 audit moyen gen6ratbur de signaux d'adreose et ayant une memolre
enregistrant au moins une forms d'onde de son sous forms de valeurs
d'amplitude 6chantillonnees pour le signal de son, ledit moyen g6nerateur
de formes d'onde lisant a partir de ladite memoire les valeurs d'amplitude
6chantillonn6es, en fonction du signal d'adresse, et sortant les valeurs 5
d'amplitude 6chantlllonn6es lues, de maniere A former une forms d'onde de
son, et un moyen d'intbrpolation (18) reli6 audit moyen g6n6ratbur de
formes d'onde, destin6 A intbrpolor entre au moins deux des valours
d'amplitude 6chantillonn6es sorties et A sortir un resultat Interpol6 comme
nouvelle valeur d'amplitude echantillonnee constituant ledit signal de son,
caract6ris6 par le fait quo ledit moyen d'interpolation (18) effectue
ladite Interpolation desditos valeurs 10      d'amplltude echantillonnees
plus dens6ment par rapport au temps au fur et t mesure qu lad it hauteur du
son devient plus faible. 2.  Dispositif g6n6rateur de signaux de son selon
la revendication 1, dans lequel il est prevu une pluralite de canaux
destines, chacun pour g6n6rer un signal de son ayant une hautourde son en
reponse A une sortie 15      dudit moyen de designation de hauteur (10-11),
laditb pluralite de canaux 6tant r6albs6e par un fonction- nement A temps
partage dudit moyen generatbur de signaux d'adresse (12-16), dudit moyen
g6neratbur de formes d'onde (1 7) et dudit moyen d'intrpolation (18). 3.
Dispositif generatbur de signaux de son selon la revendication I ou 2, dans
lequel ledit moyen d'intbrpo- 20      lation (18) n'effectue une operation
d'intbrpolation quo lorsque laditb hautour de son est infeireure A une
hautour de son de reference pr6dhtermin6e. 4. Dispositif g6n6rateurde
signaux de son selon 'une des revendications 1 A 3, dans lequel le nombre
d'eta- peas d'interpolation augmente au fur et A mesure quo ladito
interpolation deviont plus dense. 25 5.  Dispositif g6nerabtur de signaux
de son selon la revendication 3, dans lequol ledit moyen g6n6rateur de
formes d'onde (17) ne saute au molns I'une desdites valeurs d'amplitude
6chantillonn6es quo lorsque la- ditb hauteur de son est supefieure A ladite
hauteur de son de r6f6rence. 30  6.  Disposltif g6n6rateur de signaux de
son selon l'une des revendications 1 A 5, dans lequel ledit moyen
d'interpolation (18) effectue ladite interpolation plus dense quand la
plage de sons A laquelle appartlent ladite hauteur de son devient plus
faible. 7. Dispositif gen6rateur de signaux de son selon la revendication
6, dans loquel ladite plage de sons est 35      d6termin6e sur base d'une
unit6 octave. S. Dispositif g6n6rateur de signaux de son selon l'une des
revendications I A 7, dans lequel ledit moyen g6n6ratbur de signaux
d'adresse (12-16) comprend: un moyen generatbur d'horloge de note (15)
relie audit moyen de d6signatlon de hauteur, destin6 40      A generer des
impulsions d'horloge de note (CRQ) correspondant A un nom de note de la
hauteur de son d6sign6e par ledit moyen de d6signation de hauteur, un moyen
generatourde donn6es devitbsse (14) relie audit moyen de designation de
hauteur, des- tin6 A g6n6rer une donn6e de vitesse numerique (RATE) ayant
une valeur numerique, qui correspond A une plage de sons A laquelle
appartient la hauteur de son design6e par ledit moyen de designation de 45
hauteur, un moyen g6n6ratbur de signaux d'adresse (18) relie auxdits moyen
gendrateur d'horloge de note etaudit moyen de designation de don nees
devitosse, destin6 A produire un signal d'adresse en effectuant l'addition
ou la soustraction de ladite donn6e de vitesse num6rique (RATE) au rythme
de g6n6ration des- ditos impulsions d'horloge de notes (CRQ), 50
et dans loquel ledit moyen gen6ratbur de formes d'onde (1 7) gnbre ladite
forms d'onde de son sous forms de valeurs d'amplitude 6chantillonneos en
reponse A une section entiere (PHA) dudit signal d'adresse, et ledit moyen
d'nterpolation (18) effectue laditb Interpolation desditbs valeurs
d'amplitude echantil- lonn6es selon une partie d6cimale (INT) dud it signal
d'adresse, une interpolation plus dense 6tant effec- 55      tu6e lorsque
ladite hauteur de son devient plus faible. 9. Dispositif g6n6ratbur de
signaux de son selon la revendication 8, dans loquel ladite donnee de
vitbsse num6rique (RATE) correspond A la difference entre la plage de sons
A laquelle appartient laditb hauteur 23  



de son et une plage de sons de r6ference prdd6terminee. 10. Dispositif
generateurde signaux de son selon l'une des revendications 2 A 9,qui
comprend, on outre, un moyen de synchronisation de hautbur(15, 16, 18; 64)
rel6i audit moyen de d6signation de hauteurot audit 5       moyen
generateur de formes d'onde, dostin6 A synchroniser le rythme de changement
de la valour d'am- plitude 6chantillonnee de la forme d'onde de son gen6ree
dans chaque canal avec la hauteur du son A g6nerer dans ce canal, et dans
lequel ledit moyen d'interpolation (18) effectue ladito interpolation
desdites valours d'am- plitude 6chantillonn6es de chaque canal ayant ete
synchronise6es par ledit moyen de synchronisation de 10      hautour dans
le mime canal a un rythme synchronis6 avec la hauteur du son A generer dane
le canal. 11. Dispositif g6n6ratbur de signaux de son selon la
revendication 10, dans loquel edit moyen de synchro- nisation de hauteur
comprend: un moyen g6nerateur d'horloge de noto (15), destinA A gen6rer,
pour chaque canal, une impulsion 15      d'horloge de note (CRQ) ayant une
frequence correspondant au nom de note d'un son a generer, un moyen
g6nerateur d'impulsions de changement de synchronisation de hauteur (16),
destine a g6n~rer pour chaque canal, une impulsion de changement de
synchronisation de hauteur (CHANG) en synchronisme avec une ou plusieurs
p6riodes de cetto impulsion d'horloge de note, et un moyen (64) destine a
ri6chantillonner le signal d'amplitude du point d'echantillonnage de for-
20      mes d'onde de son de chaque canal g6nere par ledit moyen g6neratbur
de sons en r6ponse a l'impulsion de changement de synchronisation de
hauteur (CHANG) correspondant A co canal. 12. Dispositif g6n6rateur de
signaux de son selon la revendication 10, qul comprend, on outre, un moyen
de fourniturevariabled'interpolation (41), destin6 A fournir, en reponse a
l'impulsion d'horloge de note (CRQ) 26      ayant une frequence
correspondant a un son a generer, une donn6e variable d'intorpoiation (INT)
quivario en synchronismo avec cette impulsion d'horloge de note (CRQ) dans
les limites du temps entre les points d'hchantilonnage A intorpoler, ledit
moyen d'interpolation (63) effectuant une Intorpolation en reponse A ladito
donn6e variable d'interpolation (INT). so  13 Dispositif generatbur de
signaux de son selon la revendication 10, dana lequel ledit moyen de
synchro- nisation de hauteur comprend: un moyen (15) pour gen6rer, pour
chaque canal, sur une base de temps partag6, une Impulsion d'horloge de
note (CRQ) ayant une frequence correspondant au nom de note d'un son a
g6n6rer dans le canal, 35           un moyen (16) pour g6n6rer, pour chaque
canal, un signal d'adresse (PHA) en comptant la don ne de vitesse de
changement (RATE) correspondant A l'octave d'un son A g6nerer dane chaque
canal en r6ponse A l'impulsion d'horloge de note (CRQ), un moyen (48) pour
gen6rer une impulsion de changement de synchronisation de hauteur (CHANG)
en reponse A un rythme auquel doltetre chang6e unesection entiere du signal
d'adresse (PHA), 40      et un moyen (64) pour r66chantillonner le signal
d'amplitude du point d'echantillonnage de forme d'onde de son de chaque
canal gin6r6 par led it moyen g6n6ratur de sons (17) en reponse a
l'lmpulsion de changement de synchronisation de hauteur (CHANG). 46 50 55
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