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Met hod and Device for Formng a Tone Waveform by Conbi ned Use of
D'fferent vaveforn18anple Form ng Resol utions The present
imvention relfates to a nmethod for forning t one %ﬁ@éﬁorn1sanples on the
basi s of waveformforming 5 calculations performed via an arithmetic
processi ng devi ce. The present I nvention also relates to a net hod
for conpressing waveformdata to be gtored in a nmenory in an

el ectroni c nusical instrunent or other tone reproduci ng device

provi ded with a wavef orm nenory-based tone generator. 10 In
conventi onal t one generators capabl e of si mul t aneousl y
generating tones in a plurality of channels where tone waveform
sanpl es are arlthnetlcally formed by Use of an arithmetic processing
devi ce, the nunber of waveform sanples to be arithnetically forned per
predetermned unit 15 time (hereinafter referred to as a "waveform sanpl e

form ng resolution”) in the individual tone generatln% channel s is
Method and Dewvice for Forming a Tone Waveform by

Combined Use of Different Waveform Sample Forming Resolutions

The present invention relates to a method for fbrming

tone waveform samples on the  basis of waveform forming

5 calculations performed via an arithmetic processing device.

The present invention aléo relates to a method for

compressing waveform data to be stored in a memory in an

electronic musical. instrument or other tone reproducing device
provided with a waveform-memory-based tone generator.

10 In conventional tone generators capable of
simultaneously generating tones in a plurality of channels
where tone waveform samples are arithmetically formed by use
of an arithmetic processing device, the number of waveform
samples to be arithmetically formed per predetermined unit

15 time (hereinafter referred to as a "waveform sample forming
resolution”) in the individual tone generating channels is
kept fixed for each of the channels. Also, the waveform
sample forming resolution is kept fixed from the start to end
of each tone, and no conventionally-known tone generators are

20 designed to allow the waveform sample forming resolution to
be varied dQuring arithmetiesal formation of a tone.

The term "waveform ;?hple forming resolution” is used
herein as a basic measure in describing the characteristic

concept of the present invention, and a variation in the



kept fixed for each of the channels. Al so, the waveform sanmpl e
formng resolution is kept fixed fromthe start to end of each tone,
and no conventionally-known tone generators are 20 designed to allow the
wavef orm sanple formng resolution to be varied during arithmetica
formati on of a tone. The term "wavef orm sanpl e form ng
resolution” is used herein as a basic neasure in describing the
characteristic concept of the present invention, and a variation in

t he - 2- nunber of waveform

sanpl es to bgumihét hoE! wadbif¥rhocaR@1BE to be RHECHnRItidAA wnEdrmddEpet | |
lead to a variation of the upper limt frequency in the frequency band
covered by apgedetaintihed unittortdme #ill leadlfo tah&ardwefiohnofathe eupperri ng
resolution is expressed in terms of the nunber of sanples to be
formed per skitmitd frequerfesyuiry dihentf reguenicoyg bandqoemeydd biiea ugprerdted t
frequency w Il correspond to about 1/2 of the sanpling frequency
accordi ng t ot®®- known sanpling theorem For exanple, if 128 10 sanples

are arithneticall¥ formed for each unit tinme of 1/375
5 f the waveform sample forming resolution is expressed

in terms of the number of samples to be formed per second
(equivalent sampling frequency), the upper 1limit frequency
will correspond to about 1/2 of the sampling frequency
according to the known sampling theorem. For example, if 128

10 samples are arithmetically formed for each unit time of 1/375
second, the equivalent sampling frequency will be 128 x 375
= 48 (kHz) so that a generated tone can contain frequency
components up to an upper limit of 24 kHz. In general, the
tone quality depends on the waveform sample forming resolution

15 because the sampling frequency is a factor determining the
quality of a digital tone.

The waveform sample forming resolution will directly
determine an amount of tone waveform forming calculations per
unit time, and the amount of necessary calculations will

20 increase in direct proportion to the number of samples per
unit time since the per-sample calculation does not differ
significantly from one sample to another. That is, if the
waveform sample forming resolution is raised to enhance the
quality of a tone, the amount of necessary calculations will

25 increase and the calculations will sometimes become even
impossible without the pr:Vision of large-scale circuitry.
So, <the trade-off between +the waveform sample forming

resolution and the circuitry scale has been an important



second, the equivalent sanpling frequency will be 128 x 375 = 48
(kHz) so that a generated tone can contain frequency conponents up to
an upper limt of 24 kHz. In general, the tone quality depends on the
wavef orm sanple formng resolution 15 because the sanpling frequency is a
factor determning the quality of a digital tone. The
waveform sanple formng resolution will directly determ ne an anount

of tone waveform formi ng cal cul ati ons per® ~ unit tinme, and the anmount of
necessary cal cul ations wl| increase in direct proportion to the

20
nunber of saf@teSrPEi designihd tHdBcdrid Gerldi@tRy,- sanpl e cal cul ation does
not differ significantly fromone sanple to another. That is, if the

wavef orm sanpl e fRowewgr) easl khbefi, | Tespestdveo feejasaeyt Ibands ofiugdndy of
a tone, the anount of necessary calculations will 25 1I1ncrease and the

cal cul at i onswawefomusreformead him oblee eimdividual i toms Sgdherat iy uthamtels
provi sion of large-scale circuitry. So, the trade-off between the
wavef or m sarg#rerakiy i ffer dependingiam codorshef cfonms thoybecgemetabedeen
an inportant , . - 3- factor in
desi gni ,T“g th’@“ﬂ%-né-fg@nEPE{“SP. fixed waveform sample forming resolution is

used in the channels, there would arise a problem that
calculations are wastefully performed up to an unnecessary
frequency band for each of the channels forming a tone
waveform that does not necessarily require a wide frequency

10 band. If a waveform sample forming resolution is set to
correspond to a tone waveform that does not require a wide
frequency band, there would arise another problem that tone
waveform samples requiring a wide frequency band can not be
formed.

15 Further, in the case of a waveform from the start to end
(start-to-end-waveform) of a decay tone, the attack portion
covers a wide frequency band containing many harmonic
components, while the sustain portion where attenuation has
progressed to a considerable degree covers a less wide

20 frequency band containing fewer harmonic components. If, in
this case, a fixed waveform sample forming resolution is used
for formation of a tone, calculations are wastefully performed
up to an unnecessary frequency band for such a portion
requiring no wide frequency band. Also, if a waveform sample

25 forming resolution is set to correspond to a portion of the
waveform that does not reéﬁire a wide frequency band, there
would arise the problem that tone waveform samples can not be

formed for another portion requiring a wide frequency band.



However, as known, respective frequency bands of tone wavef or ms
formed in the individual tone generating channels generally differ
dependi ng on colors of tones to be generated. 5 Thus, if a common fixed
wavef orm sanple formng resolution is used in the channels, there
woul d arise a problemthat cal cul ations are wastefully perfornmed up
to an unnecessary frequency band fof each of the channels formng a
t one wavef orm that does not necessarily require a wi de frequency 10
band. If a waveform sanple formng resolution is set to correspond

to a tone wavef orFadtifir,dogs Raie rﬁﬁﬁéf@rxﬂ-ﬂ@ﬁ@r}fl-bese& I @8HBN Qe ihort her e
woul d ari se anot her problemthat tone waveform sanples requiring a

wi de frequemnhermral plaralditypeof tone fwavefbrmslare pre-reddriddd inn tHee
case of a waveformfromthe start to end (start-to-end-wavefornm of a
decay tone, wawefmmmokemary, omany toneowsvs forwisdaydniearaldne yhaaddto be
cont ai ni ng many har noni c conponents, while the sustain portion where
att enuat i on G@gwrded ifhhdgheguadity btopeasaderdesirettgridus marwininess

w de 2 frequency band contai ning fewer harnonic conponents. [If, in

this case, #993%d WAVEESFth sMRAUFY or FRRECLE¥ el ut | of0i s sddpess  thig
formati on of, a tone,. calcu%g;ionﬁ arg mastefullg per f or med up to an
Grestigfi 8€

unnecessary TFERYERNIESnd B8 Proposed Va?%&ﬂﬁr?ﬂﬂf?ﬂfﬂﬂ§k§°
LoSaurrey oa: ¢d Yeadde I AR Reord” capadily" ¢ Soting dna >

tone waveforms, one example of which is based on the fact
that different tone waveforms normally have different
10 frequency components. Specifically, it is proposed that in
the case of a tone waveform consisting of low-frequency
components, the tone waveform should be sampled dJduring
recording by use of a low sampling frequency so as to reduce
the number of sampling data so that the necessary waveform
i5 memory capacity is reduced. However, the recording sampling
frequency may sometimes be varied for each of the different
tone waveforms, in which case if any one of the tone
waveforms is read out from the waveform memory in accordance
with predetermined frequency numbers (i.e., numerical numbers
20 defining a pitch of a reproduced tone, which will hereinafter
be referred to as "F numbers") determined solely by a note
number to be sounded, relationships between the sampling
frequency and readout timing would substantially differ among
the tone waveforms, thus presenting a problem that a tone of

25 a desire pitch can not be obtained.
In addition, with the waveform-memory-based tone
generator, where the use of F numbers allows a reproducing

frequency to be finely controlled, a tone waveform can be read



wavef orm that does not require a w de frequency band, there woul d

ari se the problemthat tone waveform sanples can not be formed for
anot her portion requiring a w de frequency band.

-4- Further, in the waveform nenory-based tone generator

where a plurality of tone waveforns are pre-recorded in the ~ waveform
nmenory, many tone waveforns generally h§v§_to be recorded if

hi gh-quality tones are desired, thus requiring a 5 great waveform
menory capacity. To address this I nconveni ence, there has
been proposeduvaat casdeppredcpitclsdby justfeontroX BN ecHdIeF NOGRISSEE Yin
menory capacity for storing the tone waveforns, one exanple of which

i s based on 2¢rordance with tangt ofi fther entordisgwaanpding foequéhyidaves
different 10 frequency conponents. Specifically, it is proposed that in
the case of 3ft¥PcCopRAIIATE cEoni 3t dhEferencry in ethemgcording ceamphiong s,
the tone waveform shoul d be sanpl ed during recordi ng by use of a | ow
sanpl i ng frngFé?W%%f%‘s to reduce t he nunber of sanpling data so

t hat thes necessar vvaa\éegeorrp %5 meJyor Cﬁga_cit E reduceg. gowever, t he
recordi ng sanpl i r%“ eq ‘Bnc‘iﬁ‘ﬂgﬁgsa ti $Ear FBUCEBF Mo SBRHEY t he
different capacity has been so far made in the above-mentioned manners.
Further, because of the fact that while high-frequency
components such as harmonic components of a fundamental wave
are contained in the attack portion of a waveform of a decay
10 tone, the sustain portion has the harmonic components almost
completely attenuated, what is left unattenuated in the
sustain portion would be almost nothing but the fundamental
wave, so that the sustain portion would consist of frequency
components lower than the attack portion. Further, in the
15 case of a tone color that affords an effect of gradually
increasing brightness, the waveform has frequency components
becoming increasingly higher although it does not have not-so-
high frequency components at the beginning of sounding of a
corresponding tone.
20 However, in the past, the sampling frequency used in
recording a start-to-end waveform of a tone was fixed to such
a frequency to permit proper sampling of the highest-frequency
component without involving unwanted aliasing noise, although
the sampling frequency was made variable among different tone
25 waveforms. With such a fixed recording sampling frequency,
even waveform data of an unnecessary frequency band would

wastefully be recorded into the waveform memory, with the

result that the waveform memory could not be used efficiently.



tone waveforns, in which case if any one of the tone waveforms is
read out fromthe waveform nenory in accordance w th predeterm ned
frequency nunbers (i.e., numerical nunbers 20 defining a pitch of a
reproduced tone, which will hereinafter be referred to as "F
nunbers") determ ned solely by a note nunber to be sounded,

rel ati onshi ps between the sanpling - ¢ requency and readout timng would
substantially differ anong t he tone waveforns, thus presenting a
problemthat a tone of 25 a desire pitch can not be obtai ned.

I n addi tion, wi thIlthisvhefeforerandiyrsiaobdet@nef the PLOSERt Oinvarkieich t he

use of F nunbers allows a reproducing frequency to be finely

control | ed, %o tpnaviges & tenecgendérating method for forming tone waveform

5- out at a desired pitch by just controlling the F nunbers in

accordance WFAWPLRR & t ihe eb@sdisngofanpbragorneqfienting sealculations o

S R Bnaed oVisg e i HSEISar PrORRERIRG devdap, | WhicBapiR ty

has b eerh SO c]:aaprabrﬁfaeg eof. q‘:‘c;[r?nelnagb%\é%én%gue gglctil ggnQB ég'of a wide frequency
band efficiently without involving wasteful calculations.

It is a second object of the present invention to
provide a waveform data compressing method applicable to an
electronic musical instrument provided with a waveform-memory-

10 based tone generator or other tone reproducing device, which
is capable of effectively compressing waveform data to be
recorded into the waveform memory.

In order to accomplish the first object, the present
invention provides a tone generating method for forming tone

15 waveform samples on the basis of waveform forming calculations
via an arithmetic processing device, which is characterized
in that a resolution of the waveform forming calculations is
determined independently for each of a plurality of tone
generating channels in accordance with a character of a

20 waveform to be formed in the channel and importance of the
channel relative to other the channel.

The present invention also provides a tone generating
method for forming tone waveform samples on the basis of
waveform forming calculations via an arithmetic processing

25 device, which is characterized in that a resolution of the
waveform forming <calculations is varied during the

calculations in accordance with a time-varying ratio of

harmonic content in a tone.



Further, because of the fact that while high-frequency conponent s
such as harnoni c conponents of a fundanental wave are contained in
the attack portion of a waveform of a decay 10 tone, the sustain portion
has t he harnoni c conmponents al nost conpletely attenuated, what is

| eft unattenuated in the sustain portion would be al nost not hi ng but
t he fundanent al wave, so that the_spstain portion would consist of
frequency conponents | ower than the attack portion. Further, in the
15 case of a tone color that affords an effect of gradually

i ncreasi ng bri ght Thas prébentaiaven®ibas a0 i e RPNEME general€igM N
I ncreasingly higher although it does not have not-so- hT gh frequency

conponent s amethed belyereimgtare stomding caflculationsCareepapperngdt e6g.a 20
However, in the past, the sanpling frequency used in recording a
st art - t o- endPiarelibkyn of tonegengratiing¢hannelshso as ta foegueacyfoom
permt proper sanpling of the highest-frequency conponent w t hout

i nvol vi ng und@b® eof afi BAVERLALY sef Epredugarresponding stopthegchannebscy
was made_variabl e among. different tone 25 waveforns. Wth such a fixed
recording sa $iﬁﬁefpﬁ fieflc Fomprisese e topgy R datsten oh eenetetingy
[y eauency Do e nerer IRE Chik)Y B 2ER00SE L Hhe \ipgeyeter ey
efficiently.channels, designating a tonal characteristic of the waveform
data to be formed in the channel, a calculation control step
of generating second control data for, for each of the tone

10 generating channels, designating a specific number of tone
samples to be formed in the channel per unit time, a tone
formation step of, for each of the tone generating channels,
arithmetically forming waveform data of the tone corresponding
to the channel in accordance with the tonal characteristic

15 designai:ed by the first control data and at a sample forming
rate designated by the second control data, and a step of
generating tones on the basis of the waveform data formed in
the tone formation step for the plurality of tone generating
channels.

20 In the above-mentioned tone generating method, the
calculation control step generates second control data in
correspondence with a time-varying tonal characteristic of
waveform data to be formed in each of the channels. The
calculation control step varies the second control data to be

25 generated in correspondence with a time-variation in the tonal
characteristic of the waveform data to be formed in each of

the tone generating channels. Further, the first control data

includes pitch information that designates a pitch of a tone



- 6- It is therefore a first object of the present invention

to provide a tone generating nethod for form ng tone waveform sanpl es
on the basis of waveform form ng cal cul ati ons performed via an
arithmetic processing device, which is 5 capable of form ng tone

wavef orm sanpl es of a w de frequency band efficiently w thout

I nvol vi ng wast eful cal cul ati ons. _It is a second object of the
present invention to provi de a waved 6 m dat a conpr essi ng net hod
applicable to an el ectronic mnusical instrunent provided with a

wavef or m Nengs Ybe déheRART PRACH B &he' tBheChBRErh 1R " ERARNILS Ndand
devi ce, which I s capable of effectively conpressing waveformdata to

be I ectliglasbrientorinaeivAvetar BoiEts the pitch infoimaitden b€ each
acconplish the first object, the present I nvention provides a tone

gener at i ng nef hihee falrarinels dgtboaephdSe wawidtoion y@tel ef thet benbasd beof
waveform form ng cal cul ati ons via an arithnmetic processing device,
whi ch i s chagereratedd in ac¢ordange a withol uthen sdmple wWeverhingn foate ng
calculations_is det erm ned i ndependently for each of a plurality of
tone 3 gigmigRatRf Mahe Segengk @andditde dAteh a character of a 20

waveformto be forned in the ihannel and_i nportance of the channel

relative to ot herTI?‘Hep’c"ﬁﬁﬁﬂEI invention alse,provides: 3 Kkhf i gpnerabing
provides a t;ﬁ’g&&? r%%rratslilrl{gltaneously generating at least two tones, which

comprises a first formation step of forming samples of a first
tone waveform containing a great number of high-frequency
10 components at a forming rate of N samples per unit time, a
second formation step of forming samples of a second tone
waveform containing a small number of high-frequency
components at a forming rate of M samples per unit time
(where M is smaller than N), a step of subjecting the M
15 samples of the second tone waveform to an interpolation
operation so as to provide N samples of the second tone
waveform, a mix step of sequentially adding the N samples of
the first second tone waveform and the N samples of the
second second tone waveform sample by sample so as to provide
20 N samples of a mixed tone waveform, and a step of generating
tones on the basis of the mixed tone waveform provided by the

mix step. |
The present invention also provides a tone generating
method wherein tone forming calculations are performed for a
25 plurality of tone generating channels so as to form waveform
data of a plurality of tones corresponding to the channels,
and which comprises a division step of dividing the plurality

of tone generating channels into first and second groups, a



met hod for form ng tone waveform sanples on the basis of wavef or m
formng calculations via an arithnetic processing 25 device, which is

characterized in that a resolution of the wavef orm form ng
calculations is varied during the cal culations in accordance with
a tinme-varying ratio of har nmoni ¢ content in a tone.

-7- The present invention alsg provides a tone generating

nmet hod wherein tone form ng cal cul ati ons "are perfornmed for a

plurality of tone generating channels so as to form waveform dat a of
a plurality fifrstoformations geeg B FornibRgCRasatdEes ob a tnk Wisramidrod
conprises a tone control step of generating first control data for,
for each of gereundre tdmeefatri @gch of thehahaminelsdesi ghatfiws® gong and
characteristic of the waveform data to be formed in the channel, a

cal cul at i on sssiwerdiiadilyp adding ghegi¥nesaupley betweeh cthe rellantels fsgy asf or
each of the tone 10 8enerating channel s, designating a specific nunber
of tone to sprpyidet § samdefePF nat fdrstafhsied evavefern; g, spaasse

fornati?p St%P of ,. for each of the tone enerating channel s,
formation step of forming M Samples of a tone waveform per

unit time for each of the channels in the second group and
sequentially adding the M samples between the channels so as
to provide M samples of a second mixed waveform (where M is
smaller than N), a step of subjecting the M samples of the

10 second tone waveform to an interpolation operation so as to
provide N samples of the second tone waveform, a mix step of
sequentially adding the N samples of the first second tone
waveform and the N samples of the second second tone waveform
sample by sample, so0 as to provide N samples of a mixed tone

15 waveforn, and a step of generating tones on the basis of the
mixed tone waveform provided by the mix step.

Because a waveform sample forming resolution can be
determined, for each of the tone generating channels,
depending on whether or not a tone waveform to be sounded

20 therein 1s of a wide frequency band, or depending on relative
importance of the corresponding tone, the present invention
can arithmetically form tone waveform samples irrespective of
whether a tone waveform to be sounded is of a wide frequency
band or narrow frequency band, without involving wasteful

25 calculations. Further, because the waveform sample forming
resolution is raised for the attack portion of a decay tone
in order to form a greater number of waveform samples and is

lowered for the sustain portion to form a smaller number of



arithnmetically form ng waveform data of the tone correspondi ng to the
channel in accordance with the tonal characteristic 15 desi gnated by the
first control data and at a sanple formng rate desi gnated by the
second control data, and a step of generating tones on the basis of
the waveform data forned in the tone formation step for the plurality
of tone generating channels. 20 _ 0 - In the above-nentioned tone
generating nmethod, the calculatioﬁ control step generates second
control data in correspondence with a tinme-varying tonal

charact eri stierefiorm samplysiwistdliain dad e atebrBdcan RA6H2HelNEo araitNel S.
The cal cul ation control step varies the second control data to be 25

gener at ed | rwaserfloxrsp osaiepibes WErbma thenesyart attboreridl éheat ofwrle can be
characteristic of the waveformdata to be fornmed in each of t he tone
generati ng dlaamed sffhigiendrly thidHautstiromitviglyg detsteful cadlwiladsions.t ch
I nformati on that designates a pitch of a tone
- 8- Ry bthyeneexiag iwavefdormnf ceheulahton@ndoat ingsphenfidts, taned
the t ones f Orgngeirgil:i%[ge%h%%?x\éﬁr,t itt Qg gci)tsg;]b]i.g f't(:)rg rril.argclni)enasoé teI?eC hamount of
waveform calculations for another tone generating channel to
thereby enhance the quality of a tone generated in that
channel, and the number of channels capable of simultaneously
generating tones can be increased. Moreover, because the
10 invention can control the number of tone waveform samples to
be formed per unit time independently for each channel, tones
can be generated with different qualities in the channels.
Also, it is allowed to reduce the amount of calculations for
a specific channel which will present no significant effect
15 even though the tone generated therein is of low quality.
Further, in order to accomplish the second object, the
present invention provides a waveform data compressing method
which comprises an input step of inputting a waveform lasting
for a predetermined period, a control step of varying a
20 recording sampling frequency during the predetermined period,
a sampling step of sampling the waveform by use of the
recording sampling frequency so as to obtain waveform data,
and a write step of sequentially writing into a memory the
waveform data obtained by the sampling step.
25 In the above-mentioned waveform data compressing method,
the recording sampling frequency is varied stepwise at

predetermined timing during the predetermined period.

Alternatively, the recording sampling frequency may be varied



of the channels into a phase variation rate of the tone to be

generated in accordance with the sanple formng rate 5 desi gnat ed by

t he second control data. The present invention also provides a
tone generating met hod for sinultaneously generating at |east two
tones, which conprises a first formation step of form ng sanples of a
first tone waveform containing a gr ft_nunber of high-frequency 10
conponents at a formng rate of N sanpleS per unit tinme, a second
formati on step of form ng sanples of a second tone wavef or m

cont ai ni ng ayraldliwnder pebdbt@hmineduenfnyng durisgMdiee Preddtariiried ng
rate of M sanples per unit tine (where Mis snaller than N), a step
of subjecti npriwdM 15 sanples of the second tone waveformto an
i nt er pol ati on operation so as to provide N sanples of the second tone
waveform a m x Sthe presentieninventianddaheot Pronidesplasweveform tdats i r st
second tone waveform and the N sangles of the . second second tone
wavef or m sarfAPIRESigg methgdawhich ponprises®n {npytpFESP P AW D ne
wavef or and a step of generating tones on the basis of the m xed
tone wavef orn%AvVEAFay 18%’“#1‘?9 for a predgtgymined period, TRCQpEERhStep
I nvention als provjﬁes a tone generatin metf hod whereipn tone fqrmng
cal cul ati ons® revw ¥ et f’fﬁccgr&;? psf%?%{'riﬁ%/ o#r%%?é‘cé’enec{]‘ﬁli% cH¥hnel s
so as to for o] t I 'éy f C é¥4 to
e ehaner SRAEATE pors§3, % Yord ol 844 1o ehlSag"SHE SHREAAD
plurality py use of the recording sampling frequency so as to obtain
waveform data, a recording step of sequentially recording into
10 a waveform memory the waveform data obtained by the sampling
step, a designation step of designating a reproducing rate,
a generation step of generating variation data corresponding
to a pitch variétion occurring in the waveform data recorded
in the waveform memory due to a variation of the recording
15 sampling frequency by the control step, a modification step
of modifying the reproducing rate designated by the
designation step with the variation data, and a reproduction
step of reading the waveform memory at a rate corresponding
to the reproducing rate modified by the modification step.
20 In the above-mentioned waveform data compressing
method, if the waveform data are read out at a fixed rate,
the variation data is data indicative of a frequency in a
logarithmic region represented by the waveform data. The
modification step performs addition or subtraction between the
25 reproducing rate and the variation data.
According to the waveform data compressing method

arranged in the above-mentioned manner, the sampling frequency

is raised for the attack portion of a tone to be recorded



of tone generating channels into first and second groups, a _
first formation step of formng N sanples of a tone waveform _per unit
time for each of the channels of the first group and sequential ly
addi ng the N sanpl es between the channels so as to provide N sanples
of a first mxed waveform a second S formation step of form ng M sanples
of a tone waveform per unit time for.,each of the channels in the
second group and sequential Iy adding™the M sanples between the
channel s so as to provide M sanples of a second m xed waveform (where

Mis shahérs tHewaMeformsS 888a0kostdie High frlguihsdBbRgoREéntEeand 0
second tone waveformto an interpolation operation so aS to ~ provide N
sanpl es of thewsesbntbxt dite \smstfadmmpoatiion etep where thé efadtdah | yawsldi ng
the N sanples of the first second tone waveform and the N sanpl es of
the second s@@RF¥RILN onetwaedhighn frequennyl eobporanpse, sso timt owprasdxie N
sanples of a mxed tone 15 waveform and a step of generating tones on
the basis ofS3mple datai ted heynreoendedr inprihe deavefornememeryt ean be

e wavef orm s l e form ng resol uti on can be
Becaus §i eé%ectlvéyg) reducedg in quantity and compressed to a

substantial degree. As a result, the present invention can
reduce a necessary storage capacity of the waveform memory and
use the memory with enhanced efficiency.
For better understanding of the above and other features
10 of the present invention, the preferred embodiments of the
invention will be described in detail below with reference to
the accompanying drawings.
In the accompanying drawings:
Fig. 1 is a block diagram illustrating a exemplary
15 structure of a tone generating device used to implement a tone
generating method of the present invention:
Fig. 2 is a diagram illustrating tone color data and
waveform data areas provided in a RAM of Fig. 1;
Fig. 3 is a diagram illustrating an input buffer area
20 provided in the RAM of Fig. 1;
Fig. 4 is a diagram illustrating a tone generator
register area provided in the RAM of Fig. 1;
Figs. 5A to S5E are diagrams illustrating structures and
operations of various output buffer areas provided in the RAM
25 of Fig. 1;
Fig. 6 illustrates an example of waveform data from the
start to end of a tone;

Figs. 7A to 7D illustrate frequency spectra at various



determ ned, for each of the tone generating channels, dependi ng on

whet her or not a tone waveformto be sounded 20 therein is of a wde

frequency band, or depending on relative i mportance of the

correspondi ng tone, the present invention can arithmetically form

tone waveform sanpl es irrespective of whet her a tone waveformto be

sounded is of a wi de frequency ban &pg narrow frequency band, w thout
rth

i nvol vi ng wasteful 25 cal cul ations. ~ er, because the waveform

sanpl e form ng resolution is raised for the attack portion of a decay

t one | poDiitierof Otﬁ@rtﬁa*i’eﬂ:ﬁﬁﬁtdﬁtd'\lb’@@'ig{ﬂ gyavef orm sanples and is
| onered for the sustain portion to forma smaller nunber of

- 10 - wavEigr mBsdifetratest ahulexaniplel af cfime-aratiatied el S

t hat wavef orm sanples fromthe start to end of a tone can be

formed effi coriginaliipitch imvelstant-viastesfdilwarvafoxrmabifolas tone; By t hus
savi ng waveform cal cul ations for a specific tone 5 generating channel, it
i s possible to i nfEt@as?® thustrakes @n exemplagyevorkatibpubht & onevéHorm

anot her tone generating channel to t hereby enhance the quality of a
t one geﬁ%rat% ple ftgrfming resolution in relation to tiéL during

arithmetical formation of a ton;

Fig. 10 illustrates an exemplary manner in which a
reproducing frequency number is varied over time during
arithmetical formation of a tone;

10 Fig. 11 is a timing chart explanatory of tone generator
processing performed, by a CPU of Fig. 1, to form a tone
waveform;

Fig. 12 is a flowchart of a main routine performed, by
the CPU of Fig. 1, in a software tone generator implementing

15 the tone generating method of the present invention;

Fig. 13 is a flowchart of a MIDI reception interrupt
process carried out by the CPU;

Fig. 14 is a flowchart of a tone color selection event
process for part 1 that is executed as an example of panel

20 switch event processing in the main routine;

Fig. 15A is a flowchart illustrating an exemplary detail
of a note-on process that is performed in received data
processing during the main routine;

Fig. 15B is a flowchart illustfating an exemplary detail

25 of a note-off process that is performed in received data
processing during the main routine;

Fig. 16, a flowchart illustrating a detail of the tone

generator processing executed in the main routine;



channel, and the nunber of channels capable of sinultaneously

generating tones can be increased. Mor eover, because the 10 I nvention
can control the nunber of tone waveform sanples to be formed per unit
time i ndependently for each channel, tones can be generated with
different qualities in the channels. Also, it is allowed to reduce

t he anobunt of cal cul ations for ﬁ gcific channel which will present
no significant effect 15 even though the tone generated therein is of |ow
quality. Further, in order to acconplish the second object, the
present inventioFigy.0ui7des a FAvRERAFtAEl BuSORPERSS | A PdEIII0GF channehli ch
conprises an input step of inputting a waveform |l asting for a

pr edet er m nedbnrEoilogroaesshhyg cdxeterediin hei hgna géeratar @rdicegssagp! | ng
frequency during the predeterm ned period, a sanpling step of

sanpl i ng the wavdtig.m b§ use ef flrwchart dddustiraginan i dgteidqueficy so
as to obtain waveform data, and a wite step of sequentially witing
into a menoMpveEferm calcydaddBsenPEacassht ai ned by the sanpllng step. 25

In the above-nentj one vef orm dat a r essi n t he
Focor di B Sanpl i F3d+ AJUSRCY FAATERT dd IRSHRIIEEaPh SRep TRy AR 48

L:a?pln?ngu; Ir g&}gﬁeﬁpﬁéget ggpggbéiefng c1t.'requency J.tse\rrrgr}.eg elf/ﬁ ac%%rﬁ%%%red' ng
with a waveform data compressing method of the present
invention, when time-serial waveform data covering from the
start to end of a single tone are recorded;

10 Fig. 20 is a diagram illustrating an exemplary manner in
which an original pitch is varied in accordance with the
waveform data compressing method of the present invention;

Fig. 21 is a diagram illustrating another exemplary
manner in which the recording sampling frequency is varied in

15 accordance with the waveform data compressing method of the
present invention;

Fig. 22 is a block diagram illustrating an exemplary
arrangement for effecting waveform preparations to record,
into a waveform memory, waveform sample data in accordance

20 with the waveform data compressing method of the present
invention;

Fig. 23 is a block diagram illustrating a general
structure of an electronic musical instrument including the
waveform memory in which waveform data are recorded in

25 compressed form according to the waveform data compressing
method of the present invention:;

Fig. 24 1is a diagram illustrating still another

exemplary manner in which the recording sampling frequency is



gradual ly at predetermined timng during the predeterm ned period.
The present invention also provides a waveform data conpressing

met hod whi ch conprises an input step of inputting 5 a waveformlasting
for a predetermned period, a control step of varying a recording
sanpling frequency during the predeterm ned period, a sanpling step of
sanpling the waveform by use of the;gecording sanpling frequency so as
to obtain waveform data, a recording step of sequentially recording
into 10 a waveform nenory the waveform data obtai ned by the sanpling

step, a desivammpiedninsaepoodanesi it ithe Rave€PsAflddt0chbibBessing méchod |
generation step of generating variation data correspondi ng to a pitch

vari ati on ocefirthengpresdrie immesitdron;daird r ecor ded ~in the waveform
menory due to a variation of the recording 15 sanpling frequency by the
control step, a nbdd{idatisnesdbggram ilbistwating ry ndmnerepimodicicty amt e
designated by the ., designation step with the variation data, and a
reproduct i orPriginalspddchy iscyariedtin Wﬁfghﬁthf h‘&avafielf‘m dat1_:a
correspaqndin fo the reproducing rate nodified by the nodification
st ep. p% C%mpresisr?‘nq I‘ﬂ?thé’Hf)\Pg- T2 PIRSENtdR¥EBtAPNdat a conpr essi ng
met hod, if the waveformdata are read out at a fixed rate, t he
variation data is data indicative of a frequency in a

Fig. 1 is a block diagram illustrating a structural
example of a tone generating device 19 used to implenent a

tone generating method of the present invention.
The tone generating device 19 in Fig. 1 comprises: an
10 arithmetic processing unit (CPU) 1 which executes an
application program or the like to perform various control,
arithmetical formation of tone waveform samples, etc.; a read-
only memory (ROM) 2 having stored therein an operating program
for the CPU 1, preset tone color data and the like: a random
15 access memory (RAM) 3 having a working memory area for the
CPU 1 and storage areas for tone color data etc.; a timer 4
for keeping time and indicating timer interrupt timing to the
CPU 1; a MIDI interface 5 via which a MIDI event is input to
the device 19 and a generated MIDI event is output from the
20 device 19; and a keyboard 6, similar to that of an ordinary
personal computer, having keys of English and Japanese
alphabets, numerals, marks, etc. As well known in the art,
"MIDI" is an acronym of musical instrument digital interface.
The tone generating device 19 further comprises: a
25 display (monitor) 7 wvia which a user is allowed to dialog
with the device 19; a hard disk (HDD) 8 which has installed

therein application programs such as a program for generating



| ogarithm c regi on represented by the waveform dat a. The
nodi fication step perforns addition or subtraction between the 25

reproduci ng rate and the variati on data. According to the
wavef orm data conpressi ng net hod arranged in the above-menti oned
manner, the sanpling frequency Is raised for the attack portion of a
tone to be recorded _ - 12 -

where the waveform data contain high fféaaency conponent s and _ | ower ed
for the sustain portion etc. where the waveform data contain

not - so- hi gh téressledivy 1% MR recor@eliN@heYAl 062 waverSAIStdAR g be
recorded in the waveform nenory can be 5 effectively reduced 1In

rquantity anssedonws essetithietically fetbSttsid alwfRF e Afanblasul ta the
present invention can reduce a necessary storage capacity of the
wavef or m rermepreduttion sestidome (DMADr Piwiedt edworsedaetéss) e9Cwhich,

For better understandi ng of the above and other features 10 of the
present i nvefikthaut dndesvensiondofntheliGRihtls permies directnvemnsfer wf | be
described in detail belowwth reference to t he acconpanyi ng

drawi nge ~ tone wavefigrm gampdeofpkay trgorr §RPRgene of the areas of RAM

3 designated by the CPU 1; a digital-to-analog (D/A) converter

(DAC) 10 for converting tone waveform sample data into analog

tone signals; and a sound system 11 including amplifiers and

speakers for audibly reproducing or sounding the analog tone
10 signals supplied from the D/A converter 10.

In the hard disk 8, there may be stored various other
data such as automatic performance data and chord progression
data and the above-mentioned operating program. By prestoring
the operating program in the hard disk 8 rather than in the

15 ROM 2 and loading the operating program into the RAM 3, the
CPU 1 can operate in exactly the same way as where the
operating program is stored in the ROM 2. This greatly
facilitates version-up of the operation program, addition of
an operating program, etc. A CD-ROM (compact disk) 13 may be

20 used as a removably-attachable external recording medium for
recording various data such as automatic performance data,
chord progression data and tone waveform data and an optional
operating program. Such an operating program and data stored
in the CD-ROM 13 can be read out by a CD-ROM drive 14 to be

25 transferred for storage into the hard disk 8. This
facilitates installation and version-up of the operating
program. The removably-attachable external recording medium

may be other than the CD-ROM, such as a floppy disk and



Fig. 1 is a block diagramillustrating a exenplary 15 structure of a

tone generating device used to inplenent a tone generating nethod of
the present invention; Fig. 2 is a diagramillustrating tone

col or data and waveform data areas provided in a RAMof Fig. 1;

Fig. 3is a diagramillustrating an input buffer area 20 provided in the
RAM of Fig. 1; Fig. 4is a Qj§9r§n1illustrating a tone generator
regi ster area provided in the RAM of Fig. "1; Figs. 5A to 5E are
diagrams illustrating structures and operations of various output
buf f er ar easmégrvidespticdhaaizv ( . of Fig. 1; Fig. 6

i llustrates an exanple of waveform data fromthe start to end of a

t one; ki gommui ¢@tTdh i intetfate 15 atiiesy chaddtedittoy a i s

- 13 - poi nts of the waveformdata of Fig. 6; Fig. 8

il lustrates b2 sxabipht tihetdevicarl%tcam bé eonnected origi the patehface a
start-to-end waveform of a tone;
15 to a communication network 16 such as a LAN (local area
5 network), internet and telephone line network and can also be
connected to an appropriate sever computer 17 wvia the
communication network 16. Thus, where the operating program
and various data are not contained in the hard disk 8, these
operating program and data can be received from the server
10 coinputer 17 and downloaded into the hard disk 8. 1In such a
case, the tone generating device 19, a "client", sends a
command requesting the server computer 17 to download the
operating program and various data by way of the communication
interface 15 and communication network 16. In response to the
15 command, +the server computer 17 delivers the requested
operating program and data to the tone generating device 19
via the communication network 16. The tone generating device
19 completes the necessary downloading by receiving the
operating program and data via the communication network 15
20 and storing these into the hard disk 8.

It should be understood here that the tone generating
device 19 may be implemented by installing the operating
program and various data corresponding to the present
invention in a commercially available personal computer. In

25 such a case, the operating program and various data
corresponding to the present invention may be provided to

users in a recorded form on a recording medium, such as a CD-

ROM or floppy disk, which is readable by the personal



Fig. 9 illustrates an exenplary variation of a waveform 5 sanple form ng
resolution in relation to tinme during arithnetical formation of a
ton; Fig. 10 illustrates an exenplary nmanner in which a
reproduci ng frequency nunber is varied over time during arithnetical
formation of a tone; 10 Fig. 11 is a timng chart explanatory of

t one generator processi ng perforneg by a CPU of Fig. 1, to forma

t one wavef orm Fig. 12 8 3 flowchart of a main routine
performed, by the CPU of Fig. 1, in a software tone generator

i npl enent i Ngconutdie t WhRr@eneiat pBgsBRAN0EoRbULBS NLSEFhntBYEA! iteN: g
Fig. 13 is a flowhart of a MDl reception interrupt process carried

out by the GRMmunication neftiwgrklduchs &b &l DAR)afHe Pperattang pPOGFamed@Tt i ON
event process for part 1 that is executed as an exanple of panel 20
swi t ch eventvarinss datm mayt be seppliedittme;he personal cémgutébAris the
flowchart illustrating an exenplary detail of a note-on process that
is perforrmqumm¢niﬁﬂﬁkﬁﬁ(Rﬂtﬂork sipidegdyi 79 dbei ahovhementionedti ne;

Fig. 15B is a flowhart |IIustrat|ng an exenplary detail 25 of a note-off
process X hat is pEt9%r edq P Addyisig@teavarious pegiater narers i thpt AXemin

routine; |IIustrat|ng a _detail of the tone

6, a fI
gener at or pr%%‘?sq% %’ge(?i}ﬁe heoial"fpirq;’ut illustrates areas

where are stored various data and waveform data, Fig. 3

illustrates an input buffer where are stored MIDI messages

input via the MIDI interface 5, and Fig. 4 illustrates a tone

10 geherator register area where are stored various parameters

necessary for generating tone waveform samples of a plurality

of channels. In the area of Fig. 2, there are stored 16

kinds of tone color data "PD1l, PD2, ..., PD16" and n kinds of

waveform data “WD1l, WD2, ... WDn". OPEG (original pitch

15 envelope) waveforms to be later described are stored along

with the waveform data "WD1l, WD2, ... WDn" in corresponding
relations thereto.

Each of the tone color data is comprised of data

designating a waveform of a given pitch range (pitch range

20 waveform designating data); data for controlling a low

frequency oscillator (LFO) to be used for imparting vibrato

effect or the like (LFO controlling data OD); data for

controlling generation of a filter envelope to time-vary a

tone color filter characteristic (FEG controlling data OD);

25 data for controlling generation of a tone volume envelope to

control a tone volume variation characteristic (AEG

controlling data OD); touch controlling data for varying a

rising speed of tone or the 1like in accordance with a



- 14 -

Fig. 17 is a flowhart illustrating a detail of channel

control processing executed in the tone generator processing; .
Fig. 18 is a flowhart illustrating a detail of a wavef orm cal cul ati ng

process; 5

Fig. 19 is a diagramillustrating an exenplary manner
whi ch a recording sanpling frequency is varied, in accordance with a

wavef orm data conpressing nethod of the Ehe§ent I nvention, when
e

ti me-seria

wavef orm data covering from

tone are recorded; 10 Fig. 20 is a diagramillustrating an

exenpl ary mefyictdd key-t@ichh valolkicy (‘i‘buﬁht E@ntf%ilf‘:{ﬁf Bd¢h BPP dapee

with the

Fig. 21 is atheagr agathl UsEdcTidihgdNOWROE £6240 P4

wavef ormdata conpressing nethod of e present invention;

the recording sanpling frequency is varied in lﬁ? accordance with the
wavef or m datcorcorgirldsey ripteet(otthea ddta OD). prementattactizid @t the end

Fig. 22 is a block diagramillustrating an exenpl ary

ef f ecti ng wefeeachn pf cthe abovesmentienedddata stands for "original data"

5

10

15

20

25

before being subjected to control such as modulation.

In the input buffer area of Fig. 3, MIDI event data IDI1,
ID2, ID3, ..., indicative of various events such as note-on
and note-off events and input via the MIDI interface 5 are
sequentially written. By reading out these MIDI event data
IDl, ID2, ID3, ..., an event process is performed in the tone
generating device so as to form tone waveform samples
corresponding to the read-out MIDI event data. Each of the
MIDI event data IDl1, ID2, ID3, ... is comprised of data
indicative of the contents of the MIDI event and time at
which the event data occurred (data occurrence time or event
occurrence time). The data occurrence time can be determined
by reading current time kept by the timer 4 when the MIDI
event data is received.

The area shown in Fig. 4 is used as the tone generator
register area comprised of registers provided for a plurality
of tone generating channels (in this example, 32 channels CH1
to CH32), and each of the registers has stored therein various
tone parameters for controlling a tone waveform sample to be
formed in the corresponding tone generating channel. In each
of the registers (channel registers), there are stored a note
number of a tone to be formed in the corresponding channel,
data designating any of the waveform data stored in the RAM

3 (waveform designating data D), LFO controlling data D,

start to end of a single

Ye- formiTRfU¥dsdutMHEh

arrangenent for

in



into a waveform nenory, waveform sanple data in accordance 20 wth the

wavef orm data conpressi ng nethod of the present I nventi on;

Fig. 23 is a block diagramillustrating a general structure of an

el ectroni c nusical instrument including the wavef orm nmenory in which
wavef orm data are recorded in 25 conpressed formaccording to the
wavef orm data conpressing nmet hod of .the present invention; .
Fig. 24 is a diagramillustrating still” ZRot her exenpl ary manner in
whi ch the recording sanpling frequency is " _ Chod
- 15 - £ V¥ deiie BSSOT B8REEC 11k t Bt r re t ho
of the preseﬁgp?nvention; angé oiﬁiﬁb B%iﬁéYgEeigk% iégga ?%ﬁ%gg?gflng

a manner in yéiehvélume enveéldpl NEdntdNnS dstid QARD AGHASHANGERy Wddh the
waveform data 5 conpressing nethod of the present invention.

Fig. 1 is albochotieagnaidaithl usid abth@raaaitaud® Ur alEach of ©xaeP|hatinea t one
generating device 19 used to inplenent a tone generating nmethod of .
t he present registensn also includes a working area to be used during
5 arithmetical formation of a tone sample in the corresponding
tone generating channel. "D" attached at the end of each of
the above-mentioned data is an abbreviation of data and
represents data already channel-assigned for sounding of a
tone, as distinguished from the above-mentioned original data
10 (OD).
The waveform designating data D, LFO controlling data D,
FEG controlling data D and AEG controlling data D of each of
the tone generating channels are tone forming data obtained
by processing any of the tone color data PD1, PD2, PD3, ...
15 PD16 on the basis of the contents of the MIDI event.
Fig. 5 illustrates an output buffer area provided in the
RAM 3. Because, in the tone generating method of the present
invention, the number of tone waveform samples to be
collectively arithmetically formed upon arrival of each
20 calculating time is caused to change by a variation of the
waveform sample forming resolution CC (whose concept has
already been discussed at the outset of this specification),
there are provided a plurality of output buffers in
corresponding relations to a plurality of waveform sample
25 forming resolutions CC. Namely, in the preferred embodiment
of the present invention, as shown in Figs. 5A to 5C, three

different waveform sample forming resolutions are employed and

there are provided three output buffers: output buffer B0 for



The tone generating device 19 in Fig. 1 conprises: an 10 arithnetic
processing unit (CPU 1 which executes an appl i cation program
or the like to performvarious control, arithmetical formation of
tone waveform sanples, etc.; a read- only menmory (ROM) 2 having
stored therein an operating program for the CPU 1, preset tone col or
data and the like; a random 15 access jJyenory (RAM 3 having a wor ki ng
menory area for the CPU 1 and storage areas for tone color data etc.
atinmer 4 for keeping time and indicating tinmer interrupt timng to
t he CPa) igsix Mabefommesémple FosintinghireBodubibh R Oi: SediPvia1éRt
the device 19 and a generated M DI event is output fromthe 20 devi ce
19; and a ke§@upling,K frequéncytoft 48t kil )anoatgutabyffer Blpefcaorbt2 of

conmput er, having keys of English and Japanese al phabets, nuneral s,
marks, etc. PBewdtasigowevieforpe gample formindl 'resolatimey ofgM of nusi cal
instrunent digifal_ interface, The tone generating device 19

further conpPfdtiéalent 2?>ampj_dir’§bl BRI A5 74 ViHE hini andl sowierit | BuEifenwed
L R EPR MR T N TR RSN
= 2: equivalent sampling frequency of 12 kHz). Accordingly,
output buffer Bl has a capacity to store 1/2 of the samples
to be stored in buffer BO, and output buffer B2 has a
capacity to store 1/4 of the samples to be stored in output
10 buffer BO.

The waveform sample forming resolution CC is designated
both for each of the tone generating channels and for each
tone waveform being sounded, and the waveform sample forming
resolution CC specifies the number of tone waveform samples

15 to be arithmetically formed in the corresponding channel.
Thus, the waveform sample forming resolution CC can be
expressed in an equivalent sampling frequency corresponding
to the number of tone waveform samples to be formed. One of
the three waveform sample forming resolution CC is selected

20 depending on a frequency band covered by tone waveform samples
to be formed.

Output buffer BO shown in Fig. 5A is used where tone
waveform samples to be formed are of a wide frequency band,
and it stores 128 tone waveform samples (SD1, SD2, SD3, ...

25 SD128) formed at each predetermined calculating time point.
Output buffer Bl shown in Fig. 5B is used where tone waveform
samples to be formed are of a less wide frequency band, and

it stores 64 tone waveform samples (SDl, SD2, SD3, ... SD64)



- 16 - tones and al so has recorded therein tone waveformdata to be
used to arithnetically formtone wavef orm sanpl es; a reproduction
section (DVA: Direct Menory Access) 9 which, wi t hout intervention of
the CPU 1, permts direct transfer of 5 tone waveform sanple data to or
fromone of the areas of RAM 3 designated by the CPU 1; a
digital-to-analog (D) A) converter - eBAC) 10 for converting tone

wavef orm sanpl e data i nto anal og tone signals; and a sound system 11
i ncluding anplifiers and speakers for audibly reproduci ng or soundi ng
the anal og tfommed (at edgnairedatErniedd calculatbhd eomgepdent 10.output

In the hard disk 8, there nmay be stored various other data such as
autonmatic pepubfemnde dshewmndnchBigl. pSEgrissiused wheralatanandedveform
above-nenti oned operati ng program By prestoring t he operating
program i n tFRNUMNLT R ke q’%ﬂ*%ralf%h iR m\%rpolﬁfremncar at:nhq,oaandlgﬁ he
operatin rograminto.the RAM 3, the can _operate in exactly
tﬁe sarregvmgys %r%e?é tpee wavefgram Samples oFRkw i SD3: 0BBE.i n +-heSIRR 2.
This greatl facilitates, versi,on-up Qf the operation program

addi t?o(ralaaof Yformed A SRR TREs IR galcu aéépﬂd?llg‘_@oﬁﬁéﬂg_'di s]t<) 13 may
be 20 used as r a external.,recordi ng ne or
recordi ng vari ousfr(ljaﬁa s%kggéstaeu%%%gﬁig )éér?‘- rg ncggaﬁ agre aég{%’n‘(ﬁlcy

progressi on ghed@ed@Rbrd %%P%%g%%@ BdeQPiBH%i RZhnels hav&d g

program Such an operating program data store
formed with a same waveform sample forming resolution CC

(i.e., in such a manner to cover substantially the same
10 frequency band), rather than on a channel-by-channel basis.
That is, each newly formed tone waveform sample is added to
already stored tone waveform samples in one of the output
buffers and then stored into a same location of the buffer.
Once formation of tone waveform samples has been
15 completed for all the tone generating channels, these waveform
samples are accumulated and passed to the reproduction section
9 for audible reproduction. However, because different
numbers of tone waveform samples are stored in buffer BO,
buffer Bl and buffer B2, the samples can not be accumulated

20 in a simple manner.
That is, an interpolation is effected between every
adjacent ones of the 64 tone waveform samples stored in buffer
Bl so as to provide 128 tone waveform samples that are then
stored in buffer Bl' shown in Fig. 5D, and similarly an
25 interpolation is effected between every adjacent ones of the
32 tone waveform samples stored in buffer B2 so as to provide
128 tone waveform samples to be stored in buffer B2' shown in

Fig. 5E. In this case, every other tone waveform sample in



in the CD-ROM 13 can be read out by a CD-ROM drive 14 to be
transferred for storage into the hard disk 8.  This
facilitates installation and version-up of the operating

25

program The

renmovabl y-attachabl e external recording nedi um may be ot her than the
CD-ROM such as a floppy disk and _ _
- 17 - magnet o optical disk (MO ._ _ A communi cation interface
15 may be connected to a bus 12 so that the device 19 can be
connected via the interface 15 to a comuni cation network 16 such as

a LAN (|l ocalbaffer Bl' wédildoheye ithecrswmie avallie! #9hone bifnahectsrfomad

can al so be connected to an appropriate sever conputer

17 via the

communi cat i cwavefoum lsampleshat, a wosmesponddpgr hocatien agr duffer Bandand

various data are not contained in the hard disk 8, these

operating

program and ¥PEREY NI tone veyefeom samplerirebuifer Baitpuidl havernthe
downl oaded into the_hard disk 8 _In such a case, the tone generating

device 19, 25319 ¥Alue AFJong Of thenAAdtPRQUESVEESIINSHRPIRS adnpait er

17 to d | o he oper at.in roqr and _various data by way of the
communi g’?i Oc%gir}esponding F3I.oca1:icsg~x F?I.n %u er B2.

10

15

20

25

Then, the tone waveform samples at each corresponding
location of buffers BO, Bl' and B2' now containing 128 samples
are accumulated and stored into, for example, the
corresponding location of the buffer BO. After that, the
accumulated waveform samples in the buffer BO are reserved for
reproduction so that the samples are later read out by the
reproduction section 9 for audible reduction wvia the sound
system. The tone waveform samples of all the channels need
not necessarily be stored in the buffer BO, and may be stored
in any other output buffer having a storage area for 128
samples.

With reference to Figs. 6 to 11, the tone generating
method of the present invention will be outlined which is
implemented in the tone generating device of Fig. 1 by use of
the output buffers as mentioned earlier. In this preferred
embodiment, the tone generating device 19 employs a tone
generator based on the known waveform memory method (waveform-
memory-based tone generator). Fig. 6 illustrates an example
of waveform data from the start to end of a tone which are
stored in the buffer (i.e., a set of waveform data to be used
for complete (start-to-end) sounding of a tone); Figs. 7A to
7D illustrate frequency spectra extracted at various time

points of the waveform data of Fig. 6 ; Fig. 8 illustrates an



I nterface 15 and comuni cation network 16. In response to the 15 comand,

the server conputer 17 delivers the requested operating program
and data to the tone generating device 19 via the conmuni cation
network 16. The tone generating device 19 conpl etes the necessary
downl oadi ng by receiving the operating programand data via the
comuni cation network 15 20 and storisng these into the hard di sk 8.

It should be understood here that the tone generating device 19 may
be inplenented by installing the operating program and vari ous data

correspondi rxkeinplalty PtasbRiariation NYENPiddhi Nrd &0WERieHoXn YEdomi hlel e
personal conputer. In 25 such a case, the operating program and
vari ous datstart-to-eadr efpadtone t whémetheeasrdthmavttoalby foymbd ome ded
to users in a recorded formon a recording nmedium such as a CD
ROM or fl oppiaveifokm wamphessareadebtreduged et perfigredd reproducing rate;
conputer. \Were the personal conputer is connected to a
communi cat i §#gneBnddiustzatas an exemplRry fErRtatppfgMaYehrm sample
Cormun; Sat i SFHUPROFBAGRHELER! §1C 47 FE1R34P8. fontis,agnele Seloulating
time; Fig. 10 illustrates an exemplary manner in which F
number is varied over time for arithmetically forming waveform
samples of a tone; and Fig. 11 is a timing chart explanatory
of tone generator processing to form a tone waveform.

10 According to the tone generating method of the present
invention, as shown in item (a) of Fig. 11, tone waveform
samples are arithmetically formed for a predetermined unit
section to be read out from the reproduction section 9
whenever the calculating time points T1, T2, T3, T4 ...

15 arrives. New note-on and/or note~cff event are received
between the calculating time points as shown in item (b) of
Fig. 11, and a plurality of +tone waveform samples
corresponding to these events are arithmetically formed
collectively at timing as shown in item (c) of Fig. 11l.

20 Thus, the arithmetically formed tone waveform samples of
all the tone generating channels stored in the output buffer
B0 are read out by the reproduction section 9 as waveform
samples for the unit section so that they are reproduced at
a constant reproducing rate (i.e., at a fixed reproducing

25 sampling frequency).

As described earlier in relation to the output buffers,

when a plurality of tone waveform samples for a single unit

section are to be arithmetically formed in the present



5 Figs. 2 to 5 illustrate various register areas that are

provided in the RAM 3, of which Fig. 2 illustrates areas where are
stored various data and waveformdata, Fig. 3 illustrates an input
buffer where are stored M DI nessages input via the MDI interface 5,
and Fig. 4 illustrates a tone 10 generator register area where are stored
vari ous paraneters necessary for_gﬁgerating t one waveform sanpl es of
a plurality of channels. In the aof Fig. 2, there are stored 16
ki nds of tone color data "PDl1, PD2, ..., PD16" and n kinds of

wavef or m dajave¥ionV\DZhe wave%@@m samEEEGfGthﬁbn%bs@lhﬁmon150 ¢Avehare)
maveforns to be later described are stored al ong th the waveform

data "WD1, ¥bgtem isVERangdd Ced IciRpedirégpondingetota Qﬁseqd&fcgt ®and of
Each of the tone color data is conprised of data designating a

wavef or m of aa tgneewapefolrmr &ngbe( formbdr asgeilPObe wieedoived deslawat i ng
data); data for controlling a |low frequency oscillator (LFO to be
used for inparti dgniizion¥edly elongetectband tW8 HnkdFid.FG coepresenhy @at a
OD); data for controlling generation of a filter envel ope .to

ti me-vaPy agroup ofgmeliple wavetfermcdataceentained drrs deeay d}qqengudmt a
QD); 25 data for controlling generation of a tone val une envel.ope to

control a Wendorizepial @&FFa Breseriing: BRESage °fAEéﬂe an@oﬁ?FoPllng
?ﬁ;aIFEZ I;%ﬁ%gggggééei%$4$$€§¥f%.foghga& vegbrm data at8£9 e 01éks "a%?ne or
"b", "c" and "d" are extracted and shown emphatically by
oblique hatching in the figure. In Figs. 7A to 7D, there are
10 shown examples of spectral distribution of fundamental and
harmonic waves contained in the waveform data at these time
points "a", "b", "¢" and "d". More specifically, the section
at time point "a" is an attack portion whose exemplary
waveform shape is shown in detail in Fig. 6 and which
15 contains a lot of harmonic wave spectral components as shown
in Fig. 7A. The section at time point "b" is where high-
frequency harmonic wave spectral components have slightly
attenuated as shown in item Fig. 7B.
The section at time point "c" is a sustain portion where
20 attenuation has further progressed as seen from its exemplary
waveform shape in Fig. 6. As shown in Fig. 7C, the waveform
at time point "c" is a simple waveform, close to that of the
fundamental wave, with high-frequency harmonic wave components
even further attenuated. Finally, the section at time point
25 "d" is where high-frequency harmonic spectral components have
virtually completely attenuated to null, leaving only the
fundamental wave.

Because the frequency band of waveform data of a



- 19 - detected key-touch velocity (touch controlling data OD); and
other data including waveform sanple-formng-resolution

controlling data (other data OD). "OD' attached at the end of each of
t he above-nentioned data stands for "original data" 5 before being

subj ected to control such as nodul ati on. I'n the input buffer
area of Fig. 3, MDH event data ID1, D2, I1D3, ..., indicative of

vari ous events such as note-on and?Rof e- of f events and input via the
MD interface 5 are sequentially witten. By reading out these M D

event data dédherdddd tbh@, vaPBes over ¥AmBYePhefd (GSRd ThREHIOHIER tHad he

t one generating device so as to formtone waveform sanpl es

corr espondi rarithndtec efukmztiod Bf ewrifotal @athldlk YPerlfdtmed eved Forevent
data IDl, ID2, ID3, ... is conprised of data i ndi cative of the
contents of urmeddsBlarw Ereqaerdcyi hend¢ ad 3 onthiash thbeeevenémpbdwedchigH ed
(data occurrence tine or event occurrence tine). The data occurrence
ti me can be etfdxgidnewaveformpysaneki nformingnt resabukdeh byst fendbnerg 4

when th% M Dl . event data is_ received.
formation of waveform data of a widest possible frequency band

of the tone.

To avoid this inconvenience, the tone generating method
of the invention is characterized by varying the waveform
sample forming resolution CC in response to passage of time

10 during arithmetical formation of a tone as shown in Fig. 9.
In the illustrated example, the waveform sample forming
resolution CC is set initially to the basic value of 48 kHz
till time point t2, then to 24 kHz, i.e., half the basic
value, between time points t2 and t4, and then to 12 kHz,

15 half the second value, after time point t4. Such a variation
in the waveform sample forming resolution CC is made only once
at the beginning of each unit section of Fig. 11, with no
waveform sample forming resolution variation taking place at
an intermediate point of the unit section.

20 By applying a different waveform sample forming
resolution CC depending on the time-varying frequency band,
the present invention effectively prevents waveform data
formation from being performed for unnecessary frequency bands
to thereby save wasteful calculations. Allocating the time

25 for the saved calculations to another tone generating channel
can enhance the quality of a tone generated in that channel
and can also provide an increased number of the channels

capable of simultaneously generating tones.



The area shown in Fig. 4 is used as the tone generator 20 regi ster area
conprised of registers provided for a plurality of tone generating
channels (in this exanple, 32 channels CHL to CH32), and each of the
regi sters has stored therein various tone paraneters for controlling
a tone waveform sanple to be formed in the correspondi ng tone
generating channel. In each 25 of the 5egisters (channel registers),
there are stored a note number of &/tone to be formed in the
correspondi ng channel , data designating any of the waveform data

stored in the RAMccordinyg (MVET AbAY #8sh8i6hi BY %reaf@eseh'%ol i aldd ng
data D, - 20 - filter

envel ope coniHepWhivegodint Samps foiling +&861661i6n Bn each toh@fenedatihg
envel ope controlling data (AEG controlling data D), note-on data and

ot her data [@hanrfedchmay bee varbmdelat an ingirmkediatel gointc| imes anddy ki ng
area to be used during 5 arithnmetical formation of a tone sanple in the
correspondi repction. t ok geakr at cage¢hamighmetide Foraaltddnatoft havefibxmf
each of t he above-nentioned data is an abbreviati on of data and
represe s diatd alrekbp ahanngl oisi ghaugedr isoweipanss Bo the wamied as

di stingui shed fromthe above-nentioned origi nal data
waveform sample forming resolution CC and the output buffer

for accumulating output data of the channel is changed at an
intermediate point in the unit section.

Incidentally, because the waveform data WD1l, WD2, ...

10 WDn stored in the RAM 3 shown in Fig. 2 vary in frequency

band during formation of a corresponding tone as noted

earlier, the present invention, in response to the frequency

band wvariation, varies the recording sampling frequency at

which waveform data is sampled for storage, to thereby reduce

15 the amount of waveform data to be stored. In this

connection, it is customary in the art that the sampling

frequency is made high for the attack section and gradually

lowered in accordance with attenuation of the waveform data.

If the waveform data stored with the sampling frequency varied

20 consecutively during formation of a corresponding tone in the

above-mentioned manner are read out from the RAM 3 at a fixed

rate, the waveform data will cause a variation in pitch in
accordance with the sampling frequency.

In the respective one-period waveforms at time points

25 "a" and "c" in Fig. 6, the waveform width (along the

horizontal axis) at time point "c" is decreased to one half

of that at time point "a" due to the above-noted sampling

frequency variation in the generated tone. Namely, although



10 (0D . The wavef orm designating data D, LFO controlling data
) FEG controlling data D and AEG controlling data D of each of
the tone generating channels are tone form ng data obtained by
processi ng any of the tone color data PD1, PD2, PD3, 15 PD16 on the basis
of the contents of the M D event. Fig. 5 illustrates an out put
buffer area provided in the RAM 3. Eecause, In the tone generating
nmet hod of the present invention,'iﬁ nunber of tone waveform sanpl es
to be collectively arithmetically formed upon arrival of each 20

cal cul ating ¢pdrBwdvefertncat! £1R02BEEnEY AgVaLh@t ingn Qfez@%t&y'nel"@’%@r m

sanple form ng resolution CC (whose concept has alrea een

di scussed atthidiesanesapi€dh ! hitheSPRSHdtIabifOn  addreskN&Fegyidtie RPROKISD a
plurality of output buffers in corresponding relations to a plurality
of wavef or mwargferm Zemoryomhierg theObnki-pasiol. walasdtn, at ntide 'psefas red
enbodi nent of the present invention, as shown in Figs. 5A to 5C

t hree ghorned cis decréased stopakoltr ai hglfesd| dhiatnfoar etignep | mydack and
there are provided three output buffers: output buffer BO for

- 21 - 5 a" because the sampling frequency in recording the waveform
at time point "c" was about a half of that at time point "a".

An exemplary waveform (OPEG) in Fig. 8 shows a variation
of original pitch (OP), during formation of a tone, when the
waveform data are read out by use of the basic waveform

10 sample forming resolution (48 kHz in the example of Fig. 9).
In the illustrated example of Fig. 8, the original pitch OP
of note number C2 linearly changes, from time point tl to
time point t3, to the pitch of note number C3 which is one
octave higher than that of C2; the vertical axis represents

15 a cent scale. Thus, when such waveform data are read out to
form tone samples, it is necessary to control the readout rate
(F number, i.e., a rate at which the read address advances in
the waveform memory per sample of a tone to be formed) in
such a manner that no pitch variation occurs during generation

20 of the tone. "OP" stands for an original pitch, and "OPEG"
stands for an original pitch envelope.

Here, the sampling frequency at which waveform data is
sampled to bé stored into the waveform memory presents an
exactly opposite variation (along the cent scale) to that of

25 the above-mentioned OPEG waveform, and OPEG control data for
controlling the shape of the OPEG waveform is generated on the
basis of the data that controlled the sampling frequency

variation during recording.



a basic waveform sanple formng resolution (CC = 0: equival ent

sanpling frequency of 48 kHz); output buffer Bl for 1/2 of the basic
wavef orm sanple formng resolution (CC = 1: equi val ent sanpling
frequency of 24 kHz); and output buffer 5 B2 for 1/4 of the basic
wavef orm sanpl e form ng resolution (CC = 2! equival ent sanpling
frequency of 12 kHz). Accordingly, gut put buffer Bl has a capacity to
store 1/2 of the sanples to be sfofed in buffer BO, and out put buffer

B2 has a capacity to store 1/4 of the sanples to be stored in output

10 buffer BO. In order #be éaafaeénasesaéeokorarﬁa&irg?@%u]t igm: > 5%
desi gnat ed both for eac% of the tone generating Channe and ‘f or each

t one wavef orsufifiices smndel, thedbabes Weyethendesiphatkar Pikeh and OPEG
resol ution CC specifies the nunber of tone waveform sanples 15 to be

ari t hnet i calwavefomed generhtecan Ik spaberngs chpiteh variatidhusmoule for
wavef orm sanple form ng resolution CC can be expressed in an

equi val ent SHfiting ftheyeriginedr pddeindiinglicated by tthe walimes of thwee
wavef orm sanpl es to be fornmed. One of the three waveform sanple
form ng % es$ERY oWavefpEmie| ocSP@cifdcalaypernli 84 fferantee joetegenarthe

covered by tong waveform sanpl es to be forned. Cut put
buffer BO sr?%mqfﬂ?‘cﬁdg.s%ﬂggggu%‘acm qrdgdnal pitghis FFadankated i be

formed are en%ﬁWi d@B%:rx,quﬁg Cc,yaf)catﬁddted diffaer}gnicte Js.goéggvézz'ge Ofr]z?on\ll\%\ig orm
sanpl es (SDT, 2, A
cent representation into Hz representation so as to determine
an F number. In this case, once the OPEG varies, the F
10 number varies with the OPEG variation, even when there is no
variation in the designated sounding pitch.

A predetermined number of waveform samples specified by
the waveform sample forming resolution CC are arithmetically
formed, at each calculating time, as samples for a single unit

15 section. However, when the waveform sample forming resolution
CC varies during formation of a tone as shown in Fig. 9, it
is necessary to simultaneously change the readout rate (F
number) at which the waveform data are read out per sample to
be formed. I1f, for example, the basic waveform sample forming

20 resolution (CC = 0) of 48 kHz is halved to 24 kHz (CC = 1),
the waveform readout rate per sample has to be increased twice
as high as the original, and if it is lowered to 12 kHz (CC
= 2), the waveform readout rate per sample has to be
increased four times as high as the original.

25 .For this reason, the present invention is constructed to
change, simultaneously with the variation of the waveform

sample forming resolution, the F number, i.e., an amount of

per-sample increment of an address counter for reading out



25 SD128) fornmed at each predeterm ned cal culating tinme point.

Qut put buffer Bl shown in Fig. 5B is used where tone waveform sanpl es
to be formed are of a |l ess wi de frequency band, and it stores 64 tone
wavef orm sanpl es (SD1, SD2, SD3, ... SD64)

- 22 - formed at each predeterm ned calculating time point. CQutput
buffer B2 shown in Fig. 5Cis used anrfot_one wavef or m sanples to be
formed are of a narrow frequency band, and it stores 42 tone waveform
sanples (SD1, SD2, SD3, ... SD32) 5 formed at each predeterm ned

cal cul ati ng wav@FoRfh 8ata that is desifngéed #f theeeemBUbE Sfrfe BRitthmB2ict here
are additively stored tone wavef orm sanpl es of various channel s

havi ng been formatibar MeThei wdvef aminsanplef fopmiAgPEescDEtidy e stutfoen CC
(i.e., in such a manner to cover substantially the sane 10 frequency
band), ratheachharf cdrhea tirengéndyaicirgnehatesis. so as tdhatinisizeathenew y
formed tone waveform sanple is added to al ready stored tone waveform
sanpl es in emeust pfcwasteful wavefpunfepicubdtiors fonrthei¢hanrekane
| ocation of the buffer. Once formation of tone waveform sanpl es
has bee® 15 cJR9 et PESFBRt,y| |invRNtine gdRBLEPERYSchRREr s, wayeferm

wavef orm . . )
compression by wvariation in the waveform data sampling

frequency (variation in the OPEG waveform shown in Fig. 8) and
saving of the waveform calculations by variation in the
waveform sample forming resolution CC (wvariation in the
10 waveform sample forming resolution CC shown in Fig. 9), and
as a result, the F number varies during generation of a tone
in a manner shown in Fig. 10. As shown in Fig. 10, the
F number having an initial value FNO is decreased in an
arcuate curve from time point tl1 to time point t2 in response
15 to the OPEG waveform variation. The F number is doubled at
time point t2 in response to the waveform sample forming
resolution CC having been halved to 24 kHz, and then again
decreased in an arcuate curve from time point t2 to time
point t3 in response to the OPEG waveform variation. The F
20 numbez.' is maintained at value FNO from time point t3 to time
point t4 (i.e., the original F number is restored by the
doubled OPEG waveform and the halved waveform sample forming
resolution CC offsetting each other) and then further doubled
at time point t4 in response to the waveform sample forming
25 resolution CC having been lowered to 1/4 of the original.
After time point t4, the F number is maintained at value
2FNO.

An equation to calculate the F number is:



sanpl es are accunul ated and passed to the reproduction section 9 for
audi bl e reproducti on. However, because different nunbers of tone
wavef orm sanpl es are stored in buffer BO buffer Bl and buffer B2,

t he sanpl es can not be accunul ated 20 in a sinple manner.

That is, an interpolation is effected between every adj acent ones of
the 64 tone waveform sanples stored in bg&fer Bl so as to provide 128
t one waveform sanpl es that are then stored in buffer Bl' shown in
Fig. 5D, and simlarly an 25 interpolation is effected between every

adj acent ones of the F numBet 0hez waweborimosanphes storedl {&%% {% SO
as to provide 128 tone waveform sanples to be stored in er

shown in , Where SP rbprebeatsascpitielof A MRrte! AGADBRYEH ObE SHHIE] | N
- 23 - buffer B1' will have the same val ue as one of the 64 tone

wavef or m sar@® ean aprigtonal eppbaoblj ngndocat roratichulellatiBeé, tanctthe basigvery
fourth tone waveform sanple in buffer B2' will have the sane val ue as
one of the IR EAIRIemionmings resodutisn (48rkBzponditen | teatbasic n
buf fer %2 waveform sample forming resolution is applied, CC = 0; when
the waveform sample forming resolution is halved, CC = 1; and
when the waveform sample forming resolution is lowered to 1 /4,
CcC = 2.
Fig. 12 is a flowchart of a main routiné performed, by
10 the CPU 1 of Fig. 1, in a software tone generator
implementing the tone generating method of the present
invention. Upon a start of the main routine, initialization
is performed at step S10, where all the tone generating
channels are cleared and initial preparations are made of tone
15 color data, waveform data, etc.
At next step S20, a determination is made as to whether
there is any received data, by ascertaining whether any MIDI
received data has been recorded in the above-mentioned input
buffer of Fig. 3. If there is no received data recorded in
20 the input buffer, the CPU moves to step S40, but if there is
any received data recorded in the input buffer, the CPU
branches to step S30, where received data processing is
executed for operations corresponding to the received MIDI
event (note-on process, note-off process and the like) and
25 other necessary operations.
It is checked at step S40 whether any switch has been

activated. If answered in the negative at step S40, the CPU

1 goes to step S60; if any switch has been activated, it is



Then, the tone waveform sanpl es at each correspondi ng | ocati on of
buffers BO, Bl' and B2' now containing 128 sanpl es are accunul at ed
and stored into, for exanple, t he correspondi ng | ocation of
the buffer BO. After that, the 10 accunul at ed waveform sanples in the
buffer BO are reserved for reproduction so that the sanples are |ater
read out by the reproduction secti 9 for audible reduction via the
sound system The tone waveform sanpl'es of all the channels need

not necessarily be stored in the buffer BO, -and nay be stored 15 i n any
ot her out putgetierimhedatha® 8heterfde #@FchObvéd8, so th&@MBUi&Th event
Wth reference to Figs. 6 to 11, the tone generatlng nmet hod of the
present i nverdoesswikl ekecavédi aed:tdp @50 o set ai BPheEsieE oM dree dfone
generating device of Fig. 1 by use of 20 the output buffers as nentioned
earlier. | plured performardce partsmmdintattedt by thaaceinatadd syidten.ce 19

enpl oys a tone generator based on the known waveform nenory net hod
(wavef or m Tharor Lopgs genegatogepteaessing A g exqutad mtaskepa$60
exarrp of waveformdata fromthe start to end of a tone which are

st &r ed 'qonaFﬁEhlBﬁF-'f-‘é?l%Y form fopewareiare FoMRMLES 20 e gl iRkl upon
o coml e Lot Lo end) SRHERL BB ) ARl esPRr 1
wavef orm da‘n%c%ssa':n:%v proé:e gs at '!I:e Sts-r'ﬁ)t e$l:he CPU 1 loops back to step
520 to repeat the operations of steps S20 to S70 (regular
loop). If the reproduction section 9 comprises a dedicated
10 tone generator based on selectable algorithms or a DSP tone
generator, the tone generator processing at step S60 may be
omitted.

Fig. 13 is a flowchart of a MIDI reception interrupt
process carried out by the CPU 1. This MIDI reception
15 interrupt process is activated when the MIDI interface 5
receives a MIDI event from the outside, with priority over
other processes. Upon a start of the MIDI reception interrupt
process, the received data is loaded at step S80, and at step
S90 it is written into the input buffer along with its time
20 data (indicative of the time of reception of the received
data) in a format as shown in Fig. 3. After step S90, the
CPU 1 returns to the process that was being executed just
before the interrupt process. With these operations, MIDI
data will be sequentially written into the input buffer along

25 with the corresponding reception time data.
Further, Fig. 14 is a flowchart of a tone color
selection event process for part 1 that is executed as an

example of the switch event processing at step S50 of the



- 24 - exenplary tinme-variation of pitch in a waveformfromthe
start-to-end of a tone when the arithnetically fornmed tone wavef orm
sanpl es are reproduced at a fixed reproducing rate; Fig. 9 illustrates
an exenplary variation of waveformsanple 5 formng resolution CCin
relation to the sanple cal cul ating time; Fig. 10 illustrates an

exenpl ary manner in which F nunmber_ 's varied over tine for
arithnmetically form ng waveform san% es of atone; and Fig. 11 is a
timng chart explanatory of tone generator processing to forma tone

waveform  Ihin routA%RQr 4hege! Sof NEadE d9ieCpaiEBIMAREEOPaPEs | he turRsent
I nvention, as shown in item(a) of Fig. 11, tone waveform sanpl es are

ari thmet i caldoldm mimbeirocedeptedeherag tidh il of a ppedétermitedeswiatith out
fromthe reproduction section 9 whenever the calculating tinme points

T1, T2, T3, il stored s &FC1 \ats.step\B10Mht e-Aftaandthey operatfdn eferdtany e

recei ved between the calculating tinme points as shown in item (b) of

Fig. 11, and¥Ql i®arpmpletedoforwaidf othe spepfersmance partespdhe rigpne

t hese events are arithnetically forned collectively at timng as shown

in itemYc) @Alan geting process comesgs to @@ &MPBrhnetically formed tone

waveform sanpl es fg Figs. 15A and 15B, there are shown details of the
note~on process and note-off process, respectively, that are
performed in the received data processing at step S30 of the
main routine.

10 When the received data is note-on event data, the note-
on process is executed as shown in Fig. 15A, where at step
S110, the note number, velocity and part-specific tone color
of the note-on event data stored in the input buffer are
loaded into corresponding registers as NN, VEL and TC,

15 respectively, and the occurrence time of the note-on event is
also loaded into a corresponding register as TM. At next
step S120, a channel assignment process is performed to assign
the loaded note number NN to one of channels and the number
"i" of the assigned channel is stored into a register.

20 Then, at step S130, tone color data TP(TC) of the tone
color TC now set for the individual performance part is
processed in accordance with the note number NN and velocity
VEL. Here, the tone color data is one selected from among
tone color data PD1 to PD1l6 shown in Fig. 2. At next step

25 S140, the processed tone color data including a pitch SP to
be sounded is written into the tone generator register of

channel number "i" of Fig. 4 along with the occurrence time

TM of the note-on event. Also, waveform designating data D



all the tone generating channels stored in the output buffer BO are
read out by the reproduction section 9 as waveform sanples for the
unit section so that they are reproduced at a constant reproducing
rate (i.e., at a fixed reproducing 25 sanpling frequency). As
described earlier in relation to the output buffers, when a plurality
-of tone waveform sanples for a single “néﬁ.. section are to be
arithnetically fornmed in the present

- 25 - I nvention, the waveform sanple form ng resolution CCin the

systemis C%Wqﬁdvﬁﬁt%&ﬁ eakbetRENELRE % Sr £ &S8P N G Pldeterminddl One
waveformto be forned as will be described bel ow. Hori zontal |y

el ongat e bamy Whsitig Fithe hdtRPrRafibés &N Sto fedbed &b niHd | piechavaingem
data contained in a decay tone with t he horizontal axis representing

passage of wmavwefoamddésignating atpadethé tdheisiglain datat showaviai dim.dat a

at tine points "a", "b", "c" and "d" are extracted and shown

enphati cal | y2,byand anYObheqoé kheciwavgformt dats i Wk cto |WPrFiigs designa tED,
there are 10 shown exanpl es of spectral distribution of fundanental and
5 as a waveform to be used for forming a tone corresponding to
the note number NN.

Then, at step S150, timing to wvary the waveform sample
forming resolution of the "i" channel and forming resolution
control data designating a waveform sample forming resolution

10 value are set into the "i" channel tone generator register.
The setting of such forming resolution control data is
effected on the basis of forming resolution control data
contained in the tone color data selected for the "i" channel.
Because the timing to vary the waveform sample forming

15 resolution is specified once for each unit section where
calculations take place per calculating time, the waveform
sample forming resolution variation "can be achieved by
detecting the number of arrivals of the calculating time.
Then, at step S160, OPEG control data read out from a

20 waveform data area is set into the "i" channel tone generator
register. The OPEG control data is data for controlling the
shape of the OPEG waveform that represents a manner in which
the original pitch varies during generation of a tone as shown
in Fig. 8.

25 Note-on data is written into the tone generator register
of the "i" channel at next step S170, and then the note-on

event process comes to an end.

When the received data is note-off event data, the note-



har noni ¢ waves contained in the waveform data at these tine poi nt's

"a", "b", "c¢" and "d". More specifically, the section at tine point
"a" is an attack portion whose exenpl ary wavef orm shape is shown in
detail in Fig. 6 and which 15 contains a | ot of harnonic wave spectral
conponents as shown in Fig. 7A. The section at time point "b" is
wher e hi gh- frequency harnonic mgygsspectral conponents have slightly
attenuated as shown in itemFig. 7B. The section at tine point

"c" is a sustain portion where 20 attenuation has further progressed as

seen from itsfexaradelsy is exeNRE] HINSHWARE il gl 168, AwhEr@vat sdem.

7C, the waveform at tinme point "c" is a sinple waveform close to
that of the s180, thehdwtennumberyevelothti ghdfpestesisacBidOrie Wolor

conponent s even further attenuated. Finally, the section at tine
point 25 ofi"the nhteeokffgeventqdatay stomeshiin speet iaputobudifert steave
virtually conpletely attenuated to null, |eaving only the f undanent al
wave. loade@edntioe ¢PRresRopding Fegdsseraavas otW,daVELofand TC,

- 26 -

5 respectively, and the occurrence time of the note-off event
is also loaded into a corresponding register as TM. Then, at
step S190, one of the tone generating channels is identified
which is generating a tone of the tone color TC and note
number NN, and the identified channel number "i" is stored

10 into a register.

The occurrence time TM and note-off data are written
into the "i" channel tone generator register at step S200, and
then the note-off process comes to an end.

Now, with reference to Fig. 16, a fuller description is

i5 made about the tone generator processing that is executed at
step S60 in the regular loop of the main routine.

First, at step S210, the tone generator registers are
checked to see whether any new data has been written therein.
The CPU 1 proceeds directly to step S250 if no new data has

20 been written; if some new data has been written, the CPU 1
branches to step S230, where the written data is converted
into control data for controlling waveform formation.

Then, predetermined preparations for calculations are
made on the basis of the converted control data at step $240,

25 such as tone generator controlling preparations, e.g., of
note-on/note-off, pitch bend, EXP, pan and other data and
creation of sets of control time and control data. That is,

each time new data is written, the predetermined preparations



generated tone varies over tinme, there arises the problemthat

arithnetic formation of waveformdata is perforned even for

unnecessary frequency bands as long as there is enployed such a fixed
wavef orm sanpl e form ng resol ution as enabling 5 formati on of waveform
data of a wi dest possible frequency band of the tone. To
avoid this inconvenience, the tone gene;s%ing nmet hod of the invention
is characterized by varying the wavefor - sanple form ng resol ution CC
in response to passage of tine 10 during arithnetical formation of a

tone as shovwdyd mddd)-at-steps s3I0 (M 13245 1FGH GBI, ddHe GGG

sanpl e form ng resolution CCis set initially to the basic val ue of

48 kHz cdlduldtiBhsoeitistleps 290 & B49bkiz, i.e., half the basic
val ue, between tine points t2 and t4, and then to 12 kHz, 15 half the

second val ue, aftzat hert paept 8260, Sichsachal atdarorer thati frebdeutavef or m
sanple formng resolution CCis nmade only once at the begi nning of
each unit sowvefiomyf datp il nok throken off imvidferreproduatifay rderfion
resolution variation taking place at an internedi ate point of the
unit sedior, 2o0calculatgng gplms | pgnagemgntf progesswaher perfosragl &o
form ng resol ution CC depending on the tinme-varying frequency band,
the present 99/t P f c PERFELPIPLEOENt TIRY of BP IR Bt REfOTE  fGH Bn

(10 Dot N0 e oled (), WG R R EAS e T, an, L 1T g ave,
to another tég&%f¥?§§fﬁ;f“iﬁﬂgyygﬂmetically forming a plurality of tone
waveform samples corresponding to a single unit section as
10 shown in item (c) of Fig. 11 at each calculating time as
shown in item (a), the calculating time management process is
performed to set the calculating time point in consideration
of the time required for the arithmetic formation, so as to
prevent an undesirable break in the waveform samples read out
15 by the reproduction section 9.

Then, at step S$260, a determination is made as to
whether a calculating time point set via the above-mentioned
calculating time management process has arrived. If answered
in the negative at step S260, the CPU 1 terminates the tone

20 generator processing without doing other processes. If no new
data has been written in the tone generator register and the
set calculating time point has not arrived, no particular
operations are performed in the tone generator processing.
Once the set calculating time point has arrived after stepping

25 through the regular loop of the main routine several times,
a process 1is executed, at and after step 8270, to
arithmetically form a plurality of tone waveform samples

corresponding to a single unit section.



can enhance the quality of a tone generated in that channel and can
al so provide an increased nunber of the channels capabl e of

si mul t aneously generating tones. _ _

- 27 - According to a nodification of the present invention,
the waveform sanple fornmng resolution in each tone generating _

channel may be varied at an internediate int in a unit section. In
such a case, arithmetic formation of wavetorm 5 data in the channel is
changed in response to the varied wavef orm sanpl e form ng resol ution

CC and the out put Thaftf eris, aff orsegEUNSRAG| NOvarious dahanféit heonkapne

I s changed at an I nternmedi ate point in the unit section. .

| nci dent al | yprbeesaasngt hiss wpesfformedat in \Rlccodidancel Owi ¥in someed o bee
RAM 3 shown in Fig. 2 vary in frequency band during formation of
a correspondPrgerstedasimothe indivighudli echahhelpy esarth i aserd i dorming
response to the frequency band variation, varies the recording

sanpl i ng freﬁﬁ@ﬂlytéPn VarYiQﬁlEFPQ%ﬁﬁ#fﬂﬂnQﬁﬂignaiigswpl§neﬁéflstouager to

th anount waveform data to be stored. In
';Eie;eby geducg tone wa\ereform samp es to be formed per unit time; a

calculating order determining process to determine a

calculating order across the channels in such a manner that

necessary calculations are performed from one of the channels

sounding a most important tone to another channel sounding a

10 least important tone; and a tone-deadening channel {channel

to be muffled) determining process for determining the last

channel in the calculating order as a channel where the
currently sounding tone should be deadened or muffled.

A control data unfolding process is executed at next

15 step S280, where the data prepared at the above-mentioned step

S240 is unfolded along the time axis to make preparations for

the calculations. After that, a waveform forming calculation

process is executed, where reproductive waveform data (tone

waveform samples) for a single unit section are calculated on

20 the basis of the data unfolded at step S290. 1In addition, as

described earlier in relation to Fig. 5, reproductive waveform

data of different waveform sample forming resolutions are

subjected to interpolation in such a manner to be identical

in number to those formed with the basic waveform sample

25 forming resolution, and then the reproductive waveform data

of all the channels are accumulated to be stored, for example,

into the buffer BO. Then, at step S300, a reproduction

reservation is made, with respect to the buffer BO storing the



connection, it is customary in the art that the sanpling frequency is
made high for the attack section and gradually | onered i n accordance
wi th attenuation of the waveform dat a. I f the waveform data stored
with the sanpling frequency varied 20 consecutively during formation of
a corresponding tone in the above-mentioned nmanner are read out from
the RAM 3 at a fixed rate, the wavgiormdata will cause a variation
in pitch in accordance with the sanpling frequency. ~In the
respective one-period waveforns at time points 25 "a" and "c" in Fig.

6, the waveloumulated répréagotive wavefdiaf da®at 2rofXdfl e WhEnRasNt "c”
I s decreased to one half of that at tine point "a" due to the

above- not ed ssmhp| that the reprodactionarseition i 9 LBtegenisiscdot®N@he
Nanel y, al t hough - 28 -
t he wavef or ¥eprodugtipei wavefarmaddtac" were originally of t he sane
pitch, the length of  an address region in the wavef orm nenory where
the one-period whFerdgs@ribed; mbove, F@e presestoipyensignccansvaryo theout a
PgLLrgrﬁ;h?hggégg%#ggﬁﬁgigtfor%ing"%esgiﬁ%ggg 32513?332if3 ;ggqggggyogn
the tone generating channels and during formation of a tone
in the channel. Fig. 17 is a flowchart illustrating a detail
of the channel control processing executed at step S270 of the
tone generator processing.
10 In the channel control processing, the waveform sample
forming resolution varying process is executed at step S310
to vary the waveform sample forming resolution during
formation of a tone on the basis of forming resolution control
data supplied to each of the channels. In this control
15 process, passage of time is counted to control timing for
varying the waveform sample forming resolution. If there is
currently no need to vary the waveform sample forming
resolution, the CPU 1 goes directly to step S340; however, if
there is any channel where the waveform sample forming
20 resolution has to be varied (i.e., when there has arrived the
variation timing designated by the forming resolution control
data of the channel), an affirmative determination results at
step S320, so that the waveform sample forming resolution CC
of the channel is changed to a new value (a value at the
25 timing designated by the control data) at step S330.
At step S340, the calculating order determining process

is executed to determine a calculating order across a

plurality of the tone generating channels in such a manner



at time point "c" was about a half of that at tinme point "a". An
exenpl ary waveform (OPEG in Fig. 8 shows a variation of original
pitch (OP), during formation of a tone, when the wavef orm data are
read out by use of the basic waveform 10 sanple form ng resolution (48
kHz in the exanple of Fig. 9). In the illustrated exanple of Fig. 8,
the original pitch OP of note nunb P C2 linearly changes, fromtinme
point tl to time point t3, to the s'tch of note nunber C3 which is
one octave higher than that of C2; the vertical axis represents 15

a cent scal ethathueceshairysuehlvayet 06m datcr arRosRAdcRhNEDs  soundiK
tone sanples, it is necessary to control the readout rate (F nunber,

i.e., a ratelmgontarcth tbmesecad arthesssthdvarhealdn not bet deadewneliordpe
menory per sanple of a tone to be forned) in such a manner that no

pi tch vari atpertamad widly iprj ogdrvgr avernth@0othet thanhehs. HERS, ssuwdhds
for an original pitch, and " OPEG stands for an original pitch .
envel ope. channels that areenetnphrngntivgsennding wbnes Wavefadr metsta is
sanpled to be stared into the waveform nenory presents an exactly

opposi t € varFaTHRashPrhePEBRE §0a1R9t t Baveattopfbe 2bnclyged in the

above-nentian wavef.orm d OPEG control .data for . controlling
t he shape ofc{]g%' DEFEESr m Teehe RMNYE GF the calculakiprsfox alljat a

that  cont ol el iR PhEOGAGRIENDA at seeyEd80 hYaBVELAIAEoS Sl

calculation amount. In this case, the respective calculation
amounts of the individual channels differ due to different

10 waveform sample forming resolutions applied to the channels
and also the tone generating method if different types of the
tone generating method are employed in the channels. At next
step S360, a determination is made as to whether the
determined total calculation amount is excessive or exceeds

15 a predetermined range. If the total calculation amount is
within the predetermined range, the CPU 1 terminates the
channel control processing without performing any other
operations, so as to execute the waveform calculating process
as will be described in detail later.

20 If it is determined at step S360 that the total
calculation amount exceeds the predetermined range, this means
that necessary calculations will not be completed before
predetermined readout timing of the reproduction section 9 and
there will be a break in the reproductive waveform data. For

25 this reason, the waveform sample forming resolution CC of each
channel after a predetermined place in the calculating order
is lowered by "1" (the resolution value is incremented by 1)

so as to reduce the number of samples to be actually formed:



- 29 - In order to generate a tone of a designated pitch, it
suffices to, on the basis of the designated pitch and OPEG wavef orm
generate an F nunber as a pitch variation anount for shifting the
original pitch (indicated by the values of the 5 OPEG waveform.
Specifically, a difference between the desi gnat ed soundi ng pitch and
original pitch is calculated in cepts. Then, the cal cul ated
difference is converted fromthe “cent representation into Hz
representation so as to determ ne an F nunber. In this case, once

the OPEG varhet iidle the lHavefdfRekait ﬁléeiowmihgt&%s@&ﬁ@ﬂdNWdﬁlénﬂ g%en
when there is no variation in the designated sounding pitch

A predet er mchashgedrer thé wawef axnnswnlee Fotpeagl redobytion CC thd ,wawmdf or m
sanple form ng resolution CC are arithmetically formed, at each

cal cul ati ng thensiavesogangiaepleoformdnggiresoiutiot5CC sedt iencheogedeto when
the wavef orm sanple form ng resol ution CC varies during formation of
a tone as sﬁ@ﬁnwﬁweﬁpgm gample forming neselukignt©Cstndil t aneously change
the readout rate (F nunber) at which the waveform data are read out

per samfle to  Aftex thethe@ deterpdnagignpis mede BissSterRaPStOr @Ss&fpl e

formn
9 whether the +total calculation amount is now within the

predetermined range. If the total calculation amount is
within the predetermined range as determined at step S380, the
channel control processing comes to an end; if, however, the

10 total calculation amount is still more than the predetermined
range, one or more channels at or before the last place in
the calculating order are determined as tone-deadening or
muffling channels and then the currently sounding tones are
deadened in the determined channels.

15 If the number of tones to be generated is excessive, it
has been customary for the conventional tone generator control
technique to perform a so-called "truncate" process to
compulsorily deaden any of +tones being generated. In
contrast, the preferred embodiment of the invention attempts

20 to avoid such a conventional tone deadening even when the
total calculation amount is determined at step S360 to exceed
the predetermined range, by first lowering the waveform sample
forming resolution through the operations of steps S370 to
$390. Because the waveform sample forming resolution lowering

25 is applied only to one or more tones of lower importance, no
adverse musical effects will result. However, only when it
is determined that the excessive calculation amount can not

be properly dealt with by the lowering of the forming



20 resolution (CC = 0) of 48 kHz is halved to 24 kHz (CC = 1), ~ the
wavef orm readout rate per sanple has to be increased tw ce as high as
the original, and if it is lowered to 12 kHz (CC = 2), the waveform
readout rate per sanple has to be increased four tinmes as high as the
original. 25 For this reason, the present invention is constructed
to change, sinultaneously with the Yarlatlon of the waveform

sanpl e forming resolution, the F nunber, T.%e., an ampunt of

per-sanpl e i ncrenent of an address counter for readi ng out

- 30 - respleftdion dslcnd hathes pleFedtatic rfodifRnit r@eéﬁrw%ar et i c
formation. The waveform sanple formng resolution is set for each of

the tone gemmmeentgonadntene deadentiagnpebokse.t he anount of wast ef ul
wavef orm cal cul ations for the channel. 5 The present invention

i npl enents  bot h Ongey diher whannelcooptesdi probgssimg ais aronpldtea Way adher m

data sanplin frequency (variation in the OPEG wavef orm shown in Fig.
8) and ﬁw@a9¢ icrednapansrm dhiec waxeifons ioplealiadtingn procelse is

mevefor m ng resol ution CC (variation in the 10 waveform
sanple %%5 F@gopﬁt 5 6% Eessrdhrdi Rerpdnbeiowang

Fig. 18 is a flowchart illustrating a detail of the
waveform calculating process. First, at step S400, necessary
preparations are made with respect to the tone generating
channel placed first in the calculating order, and the output

10 buffers of Fig. 5 are all cleared prior to the calculations.
At next step S410, an F number is generated using the above-
mentioned Equation (1) on the basis of a sounding pitch SP,
waveform sample forming resolution CC and original pitch OP.
Because of the arrangement that an F number is generated for

15 each of the channels in each execution of step S410, the F
number can vary immediately in response to a variation of the
waveform sample forming resolution CC and original pitch OP
durihg formations of a tone. The F number can also vary in
response to a variation of the pitch SP, caused by impartment

20 of a pitch bend, vibrato or other effect, during formation of
a tone.

It is usually not necessary to vary the F number during
tone waveform sample forming calculations for a single unit
section, because the calculating time points normally occur

25 at intervals of about several milliseconds.

Then, at step S420, a read address is generated, so that

waveform data is read out in accordance with the integer

portion of the generated read address and an interpolation is



as aresult, the F nunber varies during generation of a tone in a
manner shown in Fig. 10. As shown in Fig. 10, the F nunber
having an initial value FNO is decreased in an arcuate curve fromtinme
point t1 to tine point t2 in response 15 to the OPEG waveform variation.
The F nunber is doubled at time point t2 in response to the waveform
sanpl e form ng resolution CC havng4 een halved to 24 kHz, and then
again decreased in an arcuate curve fromtinme point t2 to tine

point t3 in response to the OPEG waveformvariation. The F 20 nunber is

mai nt ai ned gPewfiraed M twed ttwde spetBksiveld tédB-out wapdfdim (datd .in ,
the original F nunber is restored by the doubl ed OPEG wavef or m and
t he hal ved vaedmiamceanilth fohenidegimal poresohudf oth&Gedd ssidrews cadt
ot her) and then further doubled at time point t4 in response to the
wavef or m samgxt fsfren §#2025 ther ebovetmentibonedvgegebrtion vk RRXt1SAMKIe of
the original. After tinme point t4, the F nunber is naintained _at
val ue readp, address and pgubgequent detexpedpiient re mepserefls.a
- 8L 5 predetermined number of times corresponding to the forming
resolution CC, so as to form a predetermined number of
interpolated samples corresponding to the forming resolution
CC. The read address for each interpolated sample is obtained
by adding the F number to the read address of the last
10 interpolated sample. Thus, the read address increments, for
each interpolated sample, at a rate corresponding to the F
number, and the pitch of the read-out waveform is controlled
in accordance with the incrementing rate of the address.
Then, at step S430, the interpolated sample generated at
15 the preceding step 1s subjected to tone volume control based
on a tone volume envelope waveform and then added into one of
the buffers BO to B2 which corresponds to the current waveform
sample forming resolution CC. The tone volume envelope
waveform, which is a waveform for controlling variation of the
20 tone volume envelope from the attack to decay of a tone, is
arithmetically formed in correspondence with individual
interpolated samples on the basis of the AEG controlling data
D stored in the tone generator register region for each
channel. As described previously, both <the number of
25 interpolated samples to be formed and the number of samples
to be stored in a selected one of the output buffers are

controlled by the forming resolution CC to be the same.

Thus, the operation of step S430 is performed on a sample-by-



F nunber = 2 [err] Equation (1) where SP represents a pitch of

a note nunber to be sounded, OP an original pitch, and CC a ratio
relative to the basic wavef orm sanpl e form ng resolution (48 kHz).
When t he basic 5 waveform sanple form ng resolution is applied, CC = 0O;
when t he waveform sanple formng resolution is halved, CC = 1; and
when the wavef orm sanpl e form ng resolgt%gn_is | owered to 1/4, CC =
2. Fig. 12 is a flowhart of mai n routine performed, by 10
the CPU 1 of Fig. 1, in a software tone generator

i npl ementi ngs d BagigegEiald oy R iRd MbovdendtiErdidd step SLDEENITHRIL
Upon a start of the main routine, initialization Is perforned at step

S10, where ald, tthe tone gelematdcdigtrol basddapnckheatene | vasinank &mradlupiae al
preparations are nmade of tone 15 <color data, waveform data, etc.

At next stewaSZForm dedeaddhtiionninto nide casput bhéfbrrare perfidmwed ion any
recei ved data, by ascertaining whether any M DI recei ved data has
been recor dé&d Sampliecbarepapdenbasied i nput buffer of Fig. 3. If there

is no received data recorded in 20 the input buffer, the CPU noves to
step S4C¢, but if Bhhel¥qcouting Xhe [ ¥eEioul JBFECPEIRF detP i Fhehe 3Y&-

s @A oRGA GEBET Bns Lol FLRDBRMPIE 6 HLIMAR it MPBer oF 0
event (note-gn RIERFAES Yri 1Y Gl '+l 4% el e AdiF dd i Mg Fog NS,

necessary operations.
to thereby increase the overall processing speed.

In this way, tone waveform samples calculated in the

10 channels employing the basic waveform sample forming

resolution are additively stored into the buffer B0, tone

waveform samples calculated in the channels employing 1/2 of

the basic waveform sample forming resolution are additively

stored into the buffer Bl, and +tone waveform samples

15 calculated in the channels employing 1/4 of the basic waveform

sample forming resolution are additively stored into the
buffer B2.

Then, at step S440, a determination is made as to

whether the calculations have been completed for all the tone

20 generating channels requiring such calculations. If there is

still any tone generating channel left requiring the

calculations (i.e., still sounding a tone), the determination

at step S440 becomes negative, so that the CPU 1 branches to

step S480 to make the above-mentioned preparations for the

25 next tone generating channel and thereafter reverts to step

S410. Thus, the operations of steps S410 to S480 are

repeated until the calculations are completed for all the tone

generating channels.



It is checked at step S40 whether any switch has been activated. |f

answered in the negative at step $40, the CPU 1 goes to step S60; if
any switch has been activated, it is _

- 32 - determned that there is a swtch event, so that switch event
process is executed at step S50 to set a tone color of one of pl ur al
performance parts as dictated by the agthéqged sw t ch. . ~Then
tone generator processing is executed at "Step S60 5 to arithnetically
formtone waveform sanples coll ectively upon arrival of each

cal cul ating time.Wherf¢rs MU OISO @iy anothdle AP HRASES 13
step S70, the CPU 1 | oops back to step S20 to repeat the operations

of steps S2(parald&l (withil 8he progra@O®f thet hAveRRIOACIHHAN tdddy
conprises a dedicated 10 tone generator based on sel ectable al gorithns
or a DSP tomalculatigmsemayobe débayeddogmmeatioo puohesinadiatssdrep ovb0
may be omtted. Fig. 13 is a flowhart of a MD reception
interrupt Proqessiags @fir khed softwbyet he BPUstch aTiiaseM Dinr erdpri do 15
interr u%[ pra%coeisds Ia?x aﬁ%ﬁégﬁggbw enbxt'ehae}i: I\/Ii[r):mI It?lt'eerjrggﬁoguction by the
reproduction section 9, it may be determined at step S440 that
the calculations have been completed for all the tone
generating channels even though there is still any tone
generating channel left requiring the calculations.

10 As a result of the above-mentioned operations,
interpolated samples of a plurality of the tone generating
channels calculated according to the waveform sample forming
resolution CC are accumulatively stored into the buffers BO,
Bl and B2 shown in Fig. 5.

15 Once the calculations have been completed for all the
tone generating channels requiring such calculations,
interpolation operations are performed at step S450 on the
waveform samples stored in +the buffer Bl (twofold
oversampling) so that the interpolated samples are caused to

20 be identical in number to those calculated with the basic
waveform sample forming resolution and then stored into the
buffer Bl' having the same construction as the buffer BO (see
Fig. 5D). Then, interpolation operations are performed at
step S460 on the waveform samples stored in the buffer B2

25 (fourfold oversampling) so that the interpolated samples are
caused to be identical in number to those calculated with the

basic waveform sample forming resolution and then stored into

the buffer B2' having the same construction as the buffer BO



receives a MDI event fromthe outside, with priority over ot her
processes. Upon a start of the MDI reception interrupt process, the
received data is | oaded at step S80, and at step S90 it is witten
into the input buffer along with its tine 20 data (indicative of the
time of reception of the received data) in a format as shown in Fig.
3. After step S90, the CPU 1 returngeto the process that was being
execut ed j ust before the interrupt process. Wth these operations,

M DI data will be sequentially witten into the input buffer along 25
W th the corepeidi.nGeeception tinme data. Further, Fig. 14 is
a flowhart of a tone color sel ection event pracess for part 1 that

i s executed as arSubsequemtdyp| cbpf adddngwi theh waeafopmocmagiles adf stuhe S50
of the - 33 - mai n routine,
where for edsiffgirst Bd 'penfloBRaniéntpathe, buffendB0, the gtasrefinmbsampdlesct ed
by activation of a predeterm ned switch is stored as TCl at step S100.

After the o &lilorthst chasmels arg Frared.dphcettde byffem BOhd seer FdGrance

parts, the tone 5 col or setti nq: process cones to _an .end.
5 5F). This terminates the waveform calculating process, and

the stored waveform samples in the buffer BO will then be
reserved to be read out by the reproduction section 9 for
audible reproduction.
The tone generating method of the present invention has
10 been described above as a program executed by the tone
generating device of Fig. 1, but it may be executed as a
single application program on a general-purpose computer
operated by various operating systems such as "Windows"
(operating system for personal computers commercially
15 available from Microsoft Corporation, U.S.A.).
Although a detailed description has not been made above
about the calculation process for collectively forming a
plurality of waveform samples per predetermined unit time, the
calculation process may be other than mere waveform memory
20 readout operations as in the foregoing embodiment, such as the
known FM synthesizing operations, AM synthesizing operations
or Fourier synthesizing operations.
With the above-described arrangements, the present
invention can determine a waveform sample forming resolution,
25 for each tone generating channel, depending on whether or not
a tone waveform to be sounded is of a wide frequency band, or
on importance of the tone. The present invention can also

arithmetically form tone waveform samples irrespective of



In Figs. 15A and 15B, there are shown details of the not e- on process

and note-off process, respectively, that are performed in the received
data processing at step S30 of the main routine. 10 When t he
received data is note-on event data, the note- on process is executed
as shown in Fig. 15A, where at step S110, the note nunber, velocity
and part-specific tone col or of th not e-on event data stored in the
i nput buffer are | oaded into corre gdhding regi sters as NN, VEL and

TC, 15 respectively, and the occurrence time of the note-on event is
al so | oaded yH¥thet @OROAPRBILEBrnCEbSHEr s@8nddl iNof & lwide freyfiRhcyl20,

a channel assignnent process is perforned to assign the | oaded note
nunber NN t @apide odf s&prowe! Sréfgdehde bBafAlier without" iper@Forinitgasaisesiil
channel is stored into a register. 20 Then, at step S130, tone
col or data ERIHOladfionise t one color TC now set for the individual
performance part is processed in accordance with the note nunber NN
and vel ocity Funpher ,Hbesausige thenwaveformgsample fomming aasal ution
anong tone color data PDl to PD16 shown in Fig. 2. At next step 25

S140, tRe pri(?cé?s"@&dt &eE Eheoptlack parriem n@faap‘?%‘-@i’ dwone, in ordgp to
sounded is %gltten into the tg 8§neratg i ster of chanqﬁ nunber
"i" of Fig. T GngrRRT RYMBETuPE eiREe ‘P’ﬁ‘B amplesr\ang is,d F%vent .

Al so, Wavefq:rné ds?&s!'lganf tllnagr%il g I%o form a smaller number of waveform

samples, wasteful calculations can be avoided so that waveform
samples from the start to end of a tone can be formed
10 efficiently without involving wasteful calculations.

By thus saving waveform calculations for a specific tone
generating channel, it is possible to increase the amount of
waveform calculations for another tone generating channel to
thereby enhance the quality of a tone generated in that

15 channel, and the number of channels capable of simultaneously
generating tones can be increased.

Moreover, because the invention canlcontrol the number
of tone waveform samples to be formed per unit time
independently for each channel, tones can be generated with

20 different qualities among the channels. Also, it is allowed
to reduce the amount of calculations for a specific channel
which will present no significant effect even though the tone
generated therein is of low quality.

Next, with reference to Figs. 6, 7A to 7D and 19 to 25,

25 a description will be made about a waveform data compressing
method according to another aspect of the present invention.

As mentioned earlier, Fig. 6 diagrammatically shows a

set of waveform data stored in a buffer to be used for



- 34 - to be witten into the tone generator register is determ ned

by using the note nunber NN to refer to the pitch range wavef orm
designating data of the tone col or data shown in Fig. 2, and any one
of the waveformdata WD1 to WDn is designated 5 as a waveformto be used
for formng a tone corresponding to the note nunber NN

Then, at step S150, timng to vary the ef orm sanpl e form ng
resolution of the "i" channel and fornfﬁ@yfésolution control data

designating a waveform sanple formng resolution 10 value are set into

the "i" chanpgipletae (m%rtatte,tehg | $b8hding ofTR€sif &%p&foak,sﬁasf.ow ng

resolution control data is fected oh the basi ormng-resol ution

control datao 7D IINistreek | frddieddospetBra A5t athel aatedotar akha 'df'
channel . Because the timng to vary the waveform sanple formng 15

resol ution iFdigsp&ciaki egteractefoateqshioist pshets ona'whene', "c" vl cd"gti ons
take place per calculating tine, the waveform sanpl e form ng

resol uti on wad Flgenl®ahl bestcdtes eth exemplarydsasver nin twhel ghudamplding
arrivals of the calculating tinme. Then, at step S160, OPEG control
data red&d ofiremuency Em isyesisfmwiena timerserigdi wavefome datacifome

t one gener at or .
complete sounding of a single tone are sampled and stored.

First, with reference to Figs. 6, 7A to 7D and 19, a
description will be made about how the sampling frequency Fs
is set.

10 As shown in Fig. 7A, the waveform data of the attack
portion at point "a" of Fig. 6, which has a relatively wide
frequency band, present a frequency spectral distribution with
numerous harmonic components existing up to high frequency F1.
The sampling frequency Fs in sampling the attack-portion

15 waveform data of having the spectral distribution shown in
Fig. 7A has to be at least highe: than frequency 2fl.

The slightly attenuated waveform data at point "b" of
Fig. 6 present a frequency spectral distribution with
components existing up to frequency f2, as shown in Fig. 7B.

20 That is, the higher-order harmonic components have attenuated
faster, leaving the frequency band narrower than that of the
attack portion. The sampling frequency Fs in sampling the
waveform data of having the spectral distribution shown in
Fig. 7B has to be at least higher than frequency 2£2.

25 Further, the waveform data of a sustain portion at point
"c", where the harmonic components have further attenuated,
present a frequency spectral distribution with components

existing only up to frequency £f3 and has a considerably



regi ster. The OPEG control data is data for controlling the shape of
t he OPEG waveform that represents a manner in which t he original
pitch varies during generation of a tone as shown in Fig. 8. 25
Note-on data is witten into the tone generator register of the "i"
channel at next step S170, and then the note-on event process cones
to an end. Wien the received gigta is note-off event data, the
not e- - 35 - of f process
I s executed as shown in Fig. 15B, where at step S180, the note

nunber, vel earrpwadd firaguenpyC bhing,t @age showhd in Fig.of7Cl he The! &aniglligigent
data stored in the input buffer are | oaded i nto correspondi ng

regi sters asrdgueviey sl I, samplingesilezt waeéformndatthe ot chavinge thene of
t he note-off event is also | oaded into a correspondi ng register as
TM Then, atspectrals tdEiEE1doitione Wfowrheln ofidégge6r ddshgtae hb@nalts lieast

i dentified ch is generating a tone of the tone color TC and note
nunber NN, Mhﬁ’r'ethéén?ﬁ« dhishagaee Bodbdhe jsampdiggofeeauency Fscara
reglste%. be substantially lower than the above-mentioned sampling
frequency 2f1 for the attack portion.

Also, as shown in Fig. 7D, the further attenuated
waveform data at point "d" of Fig. 6, which only contain low-
order harmonics, present a frequency spectral distribution
10 with components existing only up to frequency f4 close to the

fundamental wave, leaving the frequency band far narrower than

that of the attack portion. The sampling frequency Fs in
sampling the waveform data of having the spectral distribution
shown in Fig. 7D has to be at least higher than 2f4; this
15 means that the sampling freguency Fs can be very low, e.g.,
several times 1lower than the above-mentioned sampling
frequency 2f1 for the attack portion.
As mentioned, the sampling frequency necessary for the
waveform data corresponding to complete (start-to-end)
20 sounding of a single tone cén be made lower as attenuation of
the waveform data progresses. Thus, the present invention is
constructed to compress waveform data to be recorded, by
varying the sampling frequency Fs in recording the waveform
in the above-mentioned manner.
25 In the illustrated example of Fig. 19, the sampling
frequency Fs is set to an initial highest frequency of 48 kHz
for a period up to time point tl including at least a time

when the attack portion ends, switched at time point tl to a



The occurrence tine TM and note-off data are witten into the "i"
channel tone generator register at step S200, and then the note-off
process conmes to an end. Now, with reference to Fig. 16, a _
fuller descriptionis 15 nmade about the tone generator processing that is
execut ed at step S60 in the regular |oop of the main routine.

First, at step S210, the tone generator_rggisters are checked to see
whet her any new data has been witten therein. The CPU 1 proceeds
directly to step S250 if no new data has 20 been witten; if sonme new

data has beelower tfeequéhey CGBE 32 kHz, bhanahesn EyalhCRwidthed Y ecidie

witten data is converted into control data for controlling waveform
formation. point t2 toltRsh kHxr edeitedsi had fprRpaFReqaBScY Ofof atliell Attame are
made on the basis of the converted control data at step S240, 25 such as
t one gener atRRTEON+ oHerry Pheppentumits; t tug waveiform samphéedaba naicuret f,
pitch bend, EXP, pan and other data and creation of sets of control
time and conf¥Ut BiE@. PehRt td to timepaint nk2nés @848acifs the timitiahe

pr edet erg‘n' negepjuerpiq:r—qéjjm()en%:avefom sample data amount prior to time poir;t 30 -

tl, the per-unit-time waveform sample data amount from time
point t2 to time point t3 is 1/2 of the initial per-unit-time
waveform sample data amount prior to time point tl, and the
per-unit-time waveform sample data amount from time point t3

10 is 1/4 of the initial per-unit-time waveform sample data
amount prior to time point tl. Thus, the amount of waveform
samples for complete sounding of a single tone can be
significantly reduced as a whole, and the waveform sample
amount reduction will have greater effects when a multiplicity

15 of waveform data are sampled to be stored.

The thus-reduced waveform sample data for complete
sounding of the tone are directly written into the waveform
memory, so that they will then be read out from the memory
for audible reproduction at a fixed reproducing rate. The

20 fixed reproducing rate is the converting timing of the D/A
converter. However, if the waveform sample data for complete
sounding of the tone are recorded while varying the sampling
frequency Fs as shown in Fig. 19 and then reproduced at a
fized reproducing rate, the resultant reproduced waveform

25 sample data will naturally vary in pitch during generation of
the tone.

Fig. 20 illustrates, as exemplary variations of original

pitch OP, relationships between pitches detected when the



are made at steps S230 and S240 for subsequent tone formng

cal cul ations at steps S270 to S290. At next step S250, in such a
manner that readout of waveform data is not broken off in the
reproduction section 5 9, a calculating time nmanagenent process is
performed to designate a predetermned time point before current
reproduction of waveform data cones _tg, an end. Mor e

specifically, in arithmetically formng a plurality of tone wavef or m

sanpl es corresponding to a single unit section as 10 shown in item(c)

of Fig. 11 atawafUrntabmpllat 80atdr® rdad out FEPWhe WavbeBrhtnendPP and
cal cul ating tine nmanagenent process is performed to set the

cal cul ati ng tépmduiedt dt &ofitkedr séppoducing phtéheft UBe ki esipled fpur t he
arithnmetic formation, so as to prevent an undesirable break in the
wavef or m sarggamnd eanfl oxead 18ddrégsesecof ephedwaveformememony9. In Fig.
Then, at step S260, a determnation is nade as to whet her a

cal cul ating Q(Dané'W"nFe?é'?SﬁP&Stﬁ@h@@f@ﬂ%éomﬁedcatcm%tti@ tafire
managenent process has arrived. |If answered in the negative at step

S260, the CRFOPREMEmARs3EAEFEnEaNgs beforer addransoidsi 4§ RAPendipr

ol 19 OUher SIS T e WRviRlrp spmpl GePaebtni h (S i SO

o et o0 BT B 39 on WRES Tl BB LR A1 40 gy

stepping 294z ¥ 040 EF £E4ELAL bARPRE LAGTRLR SaHHhie SR Alrddd ™S
from time point tl to time point t2 of Fig. 19, an address

10 range from address Ad2 to address Ad3 is one for reading out
the waveform sample data formed from time point t2 to time
point t3 of Fig. 19, and an address range after address A43
is one for reading out the waveform sample data formed after
time point t3 of Fig. 19.

15 What is shown in Fig. 20 is an instance where the fixed
reproducing rate is 48 kHz equivalent to the highest sampling
frequency Fs used during the waveform data recording, and
because of the use of such a fixed reproducing rate, the
waveform sample data read out from the addresses range before

20 address Adl will have a pitch equivalent to the pitch NNO of
the note sounded at the time of recording. If one period of
the waveform data at point "a" of Fig. 6 is equivalent to 100
samples,\then the pitch will be 48 kHz + 100 = 480 Hz. The
waveform sample data read out from the address range from

25 address Adl to address Ad2Z will have a pitch that is 3/2 of
the pitch NNO because they are reproduced at a fixed
reproducing rate that is 3/2 of the rate used at the time of

recording. Namely, the pitch will be 480 Hz + (3/2) = 720



a process is executed, at and after step S270, to arithmetically form
a plurality of tone waveform sanpl es corresponding to a single unit
secti on. - 37 - That
is, at step S270, various channel control processing is perfornmed in
accordance with tones to be generated in the individual channels,

such as a formng resol ution varyi process for designating a

speci fic number 5 of tone waveform's fes to be formed per unit tineg;
a cal cul ating order determi ning process to determne a

cal cul ati ng ggder across the channels in such a manner that necessary
cal cul ations are perforned fromone of the channels soundi ng a nost

i mportant tone toFanthée] aheNedvessindi 88mple lQatal 8asda | BRE! i L ORE:
and a tone-deadeni ng channel (channel to be nuffled) determ ning

process for sddeessnraggehérbastaddress @dhned addi8es calguhdlliinthafgles as
a channel where the currently soundi ng tone should be deadened or
muf f | ed. pitch ofA %6t Hel thatta isf dwdiceg 3w obdgh ias exheutpddton MOt
15 step S280, where the data prepared at the above-nentioned step

S240 is gnfo@%ﬁﬁ#?ﬁcﬁﬁ?itﬁ?%i#ﬁ? ucedo atnRe fpregareprodecing rate that

is twice as high as the rate used at the time of recording.
That is, the pitch of the waveform sample data read out from
the address range from address Ad2 to address Ad3 is one
octave higher than the pitch NNO (NNO + 1 oct.). Similarly,
10 the waveform sample data read out from the address range after
Ad3 will have a pitch of 1,920 Hz that is 2? times as high as
the pitch NNO because they are reproduced at a fixed
reproducing rate that is 2? as high as the rate used at the
time of recording. That is, the pitch of the waveform sample
15 data read out from the address range after address Ad3 is two
octave higher than the pitch NNO (NNO + 2 oct.).
If waveform sample data are recorded with the sampling
frequency Fs changed during formation of a tone as shown in
Fig. 19 and the thus-recorded waveform sample data are
20 reproduced at a fixed reproducing rate, the reproduced
waveform sample data will undesirably vary in pitch during
sounding of the tone in a manner as shown in Fig. 20. Thus,
it is necessary to control the sample data readout from the
waveform memory so as to prevent the pitch variations of the
25 reproduced waveform sample data.
To this end, the pitch variation rate as shown in Fig.
20 is output, during recording of the waveform data, as

original pitch variation control data to be used for



the calculations. After that, a waveform form ng cal cul ati on process
I s executed, where reproductive waveform data (tone wavef or m sanpl es)
for a single unit section are calculated on 20 the basis of the data
unfol ded at step S290. |In addition, as described earlier in relation
to Fig. 5, reproductive waveform data of different waveform sanple
formng resolutions are subj ect ed g? dnterpolation in such a manner
to be identical in nunber to those forned with the basic waveform
sanple 25 form ng resolution, and then the reproductive waveform data

of all the genereting' B raaBeRs afaad £Re i igioraadpiteh wawidtion contrioit O
the buffer BO. Then, at step 8300 a reproduction reservation is

made, with ﬁe&pearetstbhedtuﬁfaﬂcdﬂirﬁﬂosenglbheof an electronic musical

- 38 - accunul ated reproductive waveformdata fromall the channels,
such that tHastawmendcasowiiécbeohaberadescribald outdattadl. If deprtbdsctive
wavef or m dat a. As descri bed above, the present invention can
vary the &aggvefthen sadgisalomiitiah reanliatiom cratvpduslatp farecseraof

t he tone generating channels and during forpmatjon of a fone in the
channel > ~FegPreseedsin ¢enins tn%qQWWaPFﬁﬁhac‘a%Yﬁ?Jrling process may

be significantly simplified. The original pitch variation

control data are control data to synthesize a variation curve

of the original pitch OP as shown in Fig. 20, and in this

case, they specify variation timing Adl, Ad2, ... and pitch
10 values NNO, NN(720 Hz), NNO + 1 oct., ....

Fig. 21 illustrates an exemplary manner in which the
sampling frequency Fs is varied during recording of waveform
data for complete sounding of a single tone having a tone
color that affords an effect of gradually increasing

15 brightness.

In the illustrated example, the waveform data have
highest harmonic components for a period from time point t2
to time point t3, and in this period, the sampling frequency
Fs is maintained at the highest 48 KkHz. The sampling

20 frequency Fs is set to 12 kHz for a period from the sounding
start point to time point tl, then set to 24 kHz for a period
from time point tl to time point t2, and restored to 24 kHz
after time point t3.

If waveform sample data are recorded with the sampling

25 frequency Fs changed at intermediate points of a tone and the
thus-recorded waveform sample data are reproduced at a fixed
reproducing rate, the pitch of the reproduced waveform sample

data will undesirably differ from the recording pitch as



of the channel control processing executed at step S270 of the t one
generator processing. 10 In the channel control processing, the
wavef orm sanpl e form ng resolution varying process is executed at
step S310 to vary the waveform sanple form ng resol ution during
formation of a tone on the basis of form ng resolution control dat a
supplied to each of the channels. I n t%bs control 15 process, passage
of time is counted to control timng for varying the waveform sanpl e
formng resolution. If there is currently no need to vary the

wavef or m sanpt{sidd Rbove. THESOdlldddAn thes Gsed, dpRSpdtERCYAYIA®iGH €
S340; however, if there is any channel where the wavef orm sanpl e

form ng 20 ratesolffuttihen toset dib€eraentedn(iform fhen ther €dreycing vis t he
variation timng designated by the form ng resolution control dat a of
the channel )outpubf { duningveederding nafi ther eswvieforat data, sisposiznako
that the waveform sanple form ng resolution CC of the channel is
changed to aPh‘@hvaﬁHéaFéOValqwtéplt atpsto benyrpdefpgnaeneudting F
control data) at step S330 At step S340, the cal cul ating order

det er ni r? ng PiWeess, and the ordginsd odtet é’ﬁﬁlﬁé’ié’ncﬁ%mr% R ere

across a si:oﬁeéJ ' ailnl tghg f ctoh?tro(in gg@forx? t Io &Qg nnilectron lEI:C hm1?31ca er

instrument.
Fig. 22 is a block diagram illustrating an exemplary
arrangement for effecting waveform preparations to recorad,
10 into the waveform memory, waveform data that are sampled while
varying the recording sampling frequency Fs.
In the illustrated example, waveform data introduced via
a waveform input section 20 such as a microphone are converted
into digital signal by an A/D converter 21. Specifically, in
15 this example, the A/D converter 21 samples the introduced
analog waveform data with a fixed highest sampling frequency
Fs (e.g., 48 kHz) and converts them into digital waveform
sample data. The original waveform sample data converted by
the A/D converter 21 into digital representation with the
20 fixed sampling frequency Fs are written into an original
waveform memory 23 by means of a memory write circuit 22.
Then, the original waveform sample data are read out
from the original waveform memory 23 and the sampling
frequency is varied by a sampling frequency varying section
25 24. Namely, in the sampling frequency varying section 24, the
waveform sample data are resampled in such a manner to lower
the sampling frequency Fs, after limiting the frequency band

via a low-pass filter (LPF) so that occurrence of aliasing



- 39 - t hat necessary cal cul ations for those channel s soundi ng

| nportant tones or tones that should not be deadened are per f or med
with priority over the other channels. Here, such channel s that are
not currently sounding tones do not need 5 calculations and hence do
not have to be included in the cal cul ating order. Then, anounts of
the cal culations for all t he chann %s are accunul ated at step S350 to
determ ne a total cal cul ati on anmpuh In this case, the respective
cal cul ati on amounts of the individual channels differ due to

different Hdissndef effesaipbtyl av6ia6dr 666h UEhGiEh Ay u(éridiﬁ reharnel s
and al so the tone generating nethod if different types of t t one

gener ati ng dewesedare enpl oyed in the channels. At next step S360, a
determnation is nmade as to whether the determ ned total calcul ation
anount is excessithe ovaziesdds df the psadpildngi nfdequeney RS iduringt al
cal cul ati on anount is within the predeterm ned range, the CPU 1
term nat es thegmation gfinmetonendsoleffiastesksiin the hsamppéngofirieqpeacy

ot her oper,ati ons, S0 as to execute the maveforn1ca|cu|at|na process
as will Jpe (Y«?:’fé’ﬁlnnge&qcﬁl@é‘t #4 imypich pgmode as ghownyinj Figeredfi gad  at

step S360 nount, exceeds the

t ation
predetermneg'a §ﬂ5p twﬁéenggngaryfng ghﬁtsﬁ@E %QﬁrﬁrﬁgPEHthFﬁnsxmq - not
be conpl et eq RETH£ at which timing of the waveform data the sampling

frequency should be varied, is designated by a variation mode
designating section 26. The waveform sample data, having been

10 changed by the sampling frequency varying section 24 to the
sampling frequency designated by the variation mode
designating section 26, are written into the waveform memory
25 which can be used directly in the electronic musical
instrument according to the present embodiment.

15 If the thus-written waveform sample data are reproduced
at a fixed reproducing rate, the reproduced waveform sample
data will undesirably cause variation in pitch during sounding
of the tone. Because, as seen from Figs. 19 and 20, the
pitch varies in accordance with the designation by the

20 variation mode designating section 26, there are generated
original pitch variation control data corresponding to the
designation by the designating section 26. The original pitch
variation control data comprise variation values in cents and
preset in the electronic musical instrument or waveform

25 reproducing device that reads out the waveform sample data
from the waveform memory 25 for reproduction.

Fig. 23 1is a block diagram illustrating a general

structure of the electronic musical instrument including the



predeterm ned readout timng of the reproduction section 9 and t here

wll be a break in the reproductive waveformdata. For 25 this reason

t he wavef orm sanpl e form ng resolution CC of each channel after a
predeterm ned place in the cal cul ati ng order is lowered by "1" (the
resolution value is increnmented by 1) so as to reduce the nunber of
sanples to be actually forned; -
40 - that is, the waveform sanpl € ﬁﬁrﬁing resolution CC =0 is
changed to the waveform sanple form ng resolution CC = 1, and t he

wavef orm sanplf £ ﬂﬂmﬁfgcl i:ﬁ' Qﬂu% w&vé?ofﬁa'ﬁ"@& tare reddfad@veafprm

sanple formng resol ution After that, a determnation is

made at st epcapested Oform ac%l@f@ﬁﬁ the tabakavalrewhalisva arBmptied S mpW
within the predet erm ned range. If the total calculation anbunt is

wi thin the pieRicer BMedheangereasemtet eimteradiaat. st eFd338Gingidcity aifannel
control processing cones to an end; if, however, the 10 t ot al

cal cul at i on despmiptiornst ithe wlectiroadct huspcelieirshivment is asgupred die or
nore channels at or before the last place in the cal cul ating order are
det ermi rfled ggenexataleaddinigle dione at a time.

In the illustrated example, the electronic musical
instrument comprises: a keyboard (KB) 31 operated by a human
player; a detection circuit 32 for detecting a note-on
event(NON) and note number (NN) in cents of an operated or

10 depressed key on the keyboard 33; a pitch envelope generator
(pitch EG) 33 for, in response to passage of time from the
occurrence of the note-on event NON detected by the detection
circuit 32, generating a pitch envelope waveform AP expressed
in cents to vary the pitch of a tone in accordance with a

15 selected tone color number TC; and an adder 34 for adding the
pitch envelope waveform AP from the pitch envelope generator
33 to the note number NN detected by the detection circuit
32.

The electronic musical instrument further comprises: an

20 original pitch (OP) generator 37 for generating original pitch
data OP on the basis of the above-mentioned original pitch
variation control data expressed in cents; a subtracter 35 for
subtracting the generated original pitch data OP from the note
number output from the adder 34 after having been added with

25 the pitch envelope waveform (i.e., NN + AP); and a frequency
number (FN) generator 36 for, in accordance with a modified
note number from the subtracter 35 (i.e., NN + AP - OP),

generating a frequency number (FN) proportional to a pitch of



muf fIing channels and then the currently sounding tones are deadened
in the determ ned channels. 15 | f the nunber of tones to be
generated i s excessive, it has been customary for the conventiona

t one generator control technique to performa so-called "truncate"
process to conpul sorily deaden any of tones being generated. In
contrast, the preferred enbodi ment of thgcinvention attenpts 20 to avoid
such a conventional tone deadeni ng even mﬂen t he total cal culation
anount is determned at step S360 to exceed t he predeterm ned range,

by first |oweridig tdee beageheraeanpl the origiméIn potdie sqindrator BOWEs t he
operations of steps S370 to S390. Because the waveform sanple form ng
resol ution |steareédctheéd¥ein is pputrakiityndy theooeiginadr @ittehe sraxfidtdwsr

| mportance, no adverse nusical effects will result. However, only
when it contraledetal nodreaponding eba et plugaddityub it wave fommmdatamtanot
be properly dealt with by the lowering of the formn

- 41 - be &EpRRd ohn altbRe WaveL£oFme Mamoxy éﬁ)o@m%nthﬁematt@rt £

conventi onal tone deadeni ng process. .
5 generates the original pitch data OP by use of the original

pitch variation control data corresponding to a waveform to
be read out from the waveform memory 39 in response to the

tone color number TC and note number NN.
An address generator 38 selects a waveform from among
10 those stored in the waveform memory in accordance with the
tone color number TC and key range of the note number NN, and
it outputs the start address of the selected waveform as a
first read address at the timing of the note-on ON event.
Then, the address generator 38 increments the read address at
15 a rate corresponding to a supplied F number. From the
' waveform memory 39 having stored therein the waveform data as
compressed according to the waveform data compressing method
of the present invention, waveform sample data MSD is read out
in response to the integer portion of the read address
20 generated by the address generator 38. An interpolation
circuit 40 provides sample data ISD that is interpolated in
response to the decimal portion of the generated read address
using the waveform sample data successiQely read out from the
waveform memory 39. Further, a multiplier 41 multiplies the
25 interpolated sample data ISD from the interpolation circuit
40 by a tone volume envelope waveform AEG. The tone volume
envelope waveform AEG indicates tone volume variations in the

tone corresponding to the tone color number TC, and is



Once the channel control processing is conpleted in the

above- nenti oned nmanner, the waveform cal cul ati ng process is 5 carried out
as descri bed herei nbel ow. Fig. 18 is a flowhart illustrating a
detail of the wavef orm cal cul ati ng process. First, at step S$S400,
necessary preparations are nmade with respect to the tone generating
channel placed first in the calculating der, and the output 10 buffers
of Fig. 5 are all cleared prior to the cal cul ations. At next step
$410, an F nunber is generated using the above- menti oned Equati on

(1) on the %%ﬁa a®bdapgoHNEbAg Gbiﬁthe Shvelope gEhHeAidR W2MRIne rkepdnke

resol ution nd original pitch OP. ecause of the arrangenent that
an F nunber tos thenedatiag ber théSnoteach aehBeNomannel s in each execution
of step $S410, the F nunber can vary imediately in response to a

vari ation of theAt a fixedefeprodanpie rfate) aghy s sodnrereC@ 3 mdnwerdgsnal
pitch OP during formations of a tone. The F nunber can also vary in
response toiatearianaleog oftanee platsh SPhe cadigiital) | hpnet ndata 2@i.eqf, a
pitch bend, vibrato or other effect, during formation of a tone.

It is u§ualﬁ¢tﬁ6904é59§séﬁwﬂﬁ9\ﬂﬁﬁ?tIﬁPFm¥&ﬁ&R%iQﬂ”bmgthe tongo e lBeef or m
sanpl e forn1n% cal cul ations for ilﬂgle uni t sectiqgn,, hecause the

calculatlngeplﬁéoﬁﬁan§VﬁSPﬁﬁlI@E% utpat from the o uldieles 4dver al

mllisecond

Do thar * " Furgheny o2 sound sustan € Budifly SepRamuESs, e ana it Thae""

signal supplied from the D/A converter 43. The multiplier 41

outputs digital tone data for each timing when the D/A

10 converter effects the analog conversion at the fixed

reproducing rate (fixed sampling frequency). A block denoted

by reference numeral 45 represents a plurality of tone color

switches (SW) each provided for the user té select a desired

color of a tone to be generated, and a blcck denoted by

15 reference numeral 46 is a detection circuit for detecting the

ﬂser cperation of one of the tone color switches so as to

output a tone color number TC corresponding to the user
selected tone color.

The electronic musical instrument operates in the

20 following manner. When the player depresses any one of the

keys on the keyboard 31, the detection circuit 32 detects the

depressed key to generate and provide the note number NN of

the depressed key and note-on signal NON to the pitch envelope

generator 33, tone volume envelope generator 42, original

25 pitch generator 37 and address generator 38. In response to

thisg, the pitch envelope generator 33 and tone volume envelope

generator 42 start generating pitch envelope waveform AP and

tone volume envelope waveform AEG, respectively, the original



portion of the generated read address and an interpolation is

- 42 - performed between two successively read-out waveformdata in
accordance with the decimal portion of the read address. At next step
S420, the above-nentioned generation of per-sanple read address and
subsequent interpolation are repeated a 5 predet er mi ned nunber of tines
corresponding to the form ng resal gign CC, so as to forma

pr edet er mi ned nunber of i nt er pol at ed sanpl es corresponding to the
form ng resolution CC. The read address for each interpol ated sanpl e

i s obtained pitch dehexiticyy Iheeneiiateer oiragihalr patchddatasopf ame tiest
10 I nterpol ated sanple. Thus, the read address increnents, for

each i nt er pchddmskss aggpheratdr a38 abereadr agdredsngomposed Bf an intedesr,
and the pitch of the read-out waveformis controlled i n accordance
wi th the incpereion APY and decimaladmiyion ADF. Then, at step S430,
the interpol ated sanple generated at 15 the preceding step_is subjected
to tone vol une coh$seme phere that wayefoxmdata|arr RFRSreRFdRd v riheand

t hen added i nto one of the buffers BO to B2 _which corresponds.,to the
current averdygform memory 39 with the sampling frequency Fs aried in

the manner shown in Fig. 19 and that the player has
designated a key of the same pitch as of the recorded
waveform data.

In this case, the original pitch data generator 37

10 generates original pitch data OP expressed .in the same cent
value as the note number NN output from the detection circuit
32. Here, a data value output from the subtracter 5 (i.e.,
NN - OP) is approximately "O" cent if a pitch envelope
waveform AP far smaller than the note number NN is ignored.

15 Upon receipt of the "0" cent data, the frequency number
generator 36 outputs "1" as an F number.

The address génerator 38, by accumulating each F number
output from the frequency number generator 36, a read address
composed of an integer portion ADI and decimal portion ADF.

20 The integer portion ADI of the read address increments by one
for each sampling period of the D/A converter from the note-on
timing, like SD, SD + 1, SD + 2, SD + 3, ... if the start
address is "SD", while the decimal portion ADF of the read
address is constantly maintained at "O".

25 Each ‘time the integer portion ADI is given to the
waveform memory 39, the stored waveform sample data is read
out from the memory 39. Because the decimal portion ADF of

the read address is "0", the read-out waveform sample data MSD



sanpl e form ng resolution CC The tone vol une envel ope wavef orm
which is a waveform for controlling variation of the 20 tone vol une
envel ope fromthe attack to decay of a tone, is arithnetically formed
i n correspondence w th individual i nt erpol ated sanpl es on the basis
of the AEG controlling data D stored in the tone generator register
region for each channel . As desctibed previously, both the

nunber of 25 interpolated sanples to Tormed and the nunber of sanples
to be stored in a selected one of the output buffers are controlled

by the formag rasebyt i R 0 He t lati hiEui € hes ot kol Of
step S430 i 5 pe ?orned on g&%%nple-by?tgégg ation di6uithei®pes

- 43 - multapRierbasi syhish | ai lturm muheiphewetnensampbsl ddtep MSIP®yY That
is, the tone volume control based on the tone vol unme envel ope
wavef or m andhaddtdbhen violiumet henvellope wafeforar AR@r amdnethen resultant
sanmpl e-by-sanpl e basis. 5 By executing the various processes
in the abmpdtipliedmdattiaoried theqPdc sonveriterpddsi biTher H/@ HAAVAT teTe
nunber of the CPUs wite and read to and fromcal cul ating regi sters
5 43 converts the waveform sample data MSD into an analog tone '
signal at a fixed reproducing rate, and the analog tone signal
is audible reproduced or sounded through the sound system 44.
Because the individual integer portions ADI are
generated as successive addresses, all the recorded waveform
10 sample data are read out from the waveform memory 39, and the
waveform data reproduced at the fixed reproducing rate will
be of the same pitch as when recorded.
When the player depresses a key of a note name different
from the recorded note name, a note number NN corresponding
15 to the note name and octave code of the depressed key is
output from the detection circuit 32 to the frequency number
generator 36 (for example, where a key higher than the
recorded pitch by a whole tone is depressed, the detection
circuit 32 outputs a note number NN incremented by 200 cents).
20 The key number generator 36 in turn generates an F number
corresponding to the depressed note name and octave code
(e.g., higher than the recorded pitch by a whole tone) and
passes the generated F number to the address generator 38.
On the basis of a read address generated this time, waveform
25 sample data MSD is read out from the waveform memory 39 to be
subjected to an interpolation process. In this interpolation

process, interpolation such as linear interpolation is

effected between successive waveform sample data MSD in



to thereby increase the overall processing speed. In this way,
tone waveform sanples calculated in the 10 channels enploying the

basic waveform sanple formng resolution are additively stored into
the buffer BO, tone wavef orm sanpl es cal cul ated in the channels

enpl oying 1/ 2 of t he basic waveform sanple form ng resolution are
additively stored into the buffer B% and tone waveform sanples 15
calculated in the channels enploying 1/4 % “t he basic waveform sanpl e
formng resolution are additively stored into the buffer B2.

Then, at stegcddffande 4ol MER AN T >h ISDF whet her the

cal cul ati ons have been conpleted for all the tone 20 generating channel s

requi ring such carpel thugtntetpoldsE® definple datsl IEb aBymtiDBepleaarvaiang
channel left requiring the calculations (i.e., still sounding a
tone), the dehermahiplier 41 byathet epn&detvdirnmmaavedigam wad passbdtts he
CPU 1 branches to step S480 to neke the above-nentioned preparations
for the 25 theeR{Atocoeverter atvhere htiveecsample tdataaiIRris evestored toep
$410. Thus, the operations of steps S410 to S480 are r epeat ed
until the cafRaledi yavespemcdafieetatl the fixederepyrducing gakeratiPae

channel s.
restored waveform data will present a pitch corresponding to

the F number (e.g., higher than the recorded pitch by a whole
tone).

The address generator 31 supplies the generated read

10 address to the original pitch generator 37, which, on the
basis of original pitch control data selected in response to
the tone color number TC and note number NN, detects when the
read address arrives address Adl, Ad2 or Ad3. Thus, by such
detection, the original pitch generator 37 sequentially

15 changes the value of the original pitch data OP like NNO —
NN(720 Hz) —> NNO + 1 oct., ....

In the above-mentioned manner, the variation curve of
the original pitch data OP as shown in Fig, 20 is reproduced
in response to the read addresses. At address locations Adl

20 and Ad2, for example, the original pitch generator 37 will
generate original pitch data OP incremented from the last data
OP by 700 cents and another 500 cents and supply these
incremented original pitch data OP to the subtracter 35. In
turn, at an address location past Ad2, 1,200 cents are

25 subtracted from the note number added with the pitch envelope
AP output from the adder 34. Because 1,200 cents correspond
to one octave, a note number (NN + Ap - OP) one octave lower

than the F number generated at the point preceding Adl is



- 44 - When the CPU 1 are running anot her software programin
parallel with the programof the invention, the necessary

cal cul ati ons may be del ayed because too nuch tine is spent on

processi ng of the software. In such a case, in order to 5 avoi d an
undesirable break in the reproduction by the reproduction section
9, it may be determ ned at step S$S440 tnaé _ t he cal cul ati ons have been
conpleted for all the tone generating channel s even though there is
still any tone generating channel left requiring the cal cul ations.

10 Avputput etllddddss tTecatily AAdENah@NERen 08EpPLi€AS Lo the FN
I nterpol ated sanples of a plurality of the tone generating channel s

cal cul at ed Emerditoy 86 .t hacserdingdhysathé eFN ogenexptor 36 rgeswinstenn adC ar e

accunul atively stored into the buffers BO, Bl and B2 shown in Fig. 5.

15 OF entniet adenrespandingvies brepitonpthatdisoprnel locttaye lowert one

generating channels requiring such cal cul ati ons, interpolation

oper ati ons &@mdheFraympersgeperatedoptt fee time q@pddien mhammsiles so

stored in the buffer__Bl (twofold oversanpling) so that_the

i nt er polPat efP&dnpthe AXBRTcgPETazgr IR IRNATALES | A KRR AdPTEsSse

calculated with thetggai% twaveformsaggle Eorﬁéng reso%ution and t hen

stored int o Yf¥fFementeq at. a gate, corngSPRRALO YRR FicRYBR®Es the buffer

BO (see The integer portion ADI of the read address is supplied

to the waveform memory 39 so that the recorded waveform sample

data is read out, one sample data at each read timing. If,

10 for example, the F number to address Adl is "1", the F number
is made "0.5" from address Ad2, so that the integer address
ADI of the read address generated from the address generator
38 changes 1like O, 1, 1, 2, 2, ... while the decimal portion
ADF changes like 0.5, 0, 0.5, 0, ... (the start address is

15 not considered here). The integer address ADI is supplied to
the waveform memory 39 to read out waveform sample data MSD
therefrom, and the read-out sample data MSD is supplied to the
interpolation circuit 40 for the interpolation based on the
decimal portion ADI.

20 At and after address Ad2, the waveform sample data are
read out from the waveform memory 39 every sampling cycle and
interpolated by the interpolation circuit 40 in accordance
with the individual decimal portions ADF. However, because
the amount of the waveform sample data recorded in the

25 waveform memory 39 at and after address Ad2 is, from the
beginning, half the amount recorded up to address Adl in the

time axis (address) direction, the recorded waveform sample

data are read out from the waveform memory 39, one sample



Fig. 5D). Then, interpolation operations are performed at step $S460
on the waveform sanples stored in the buffer B2 25 (fourfold
oversanpling) so that the interpol ated sanples are caused to be
identical in nunber to those calculated with the basi ¢ wavef orm sanpl e
formng resolution and then stored into the buffer B2' having the sane
construction as the buffer BO - 62 - - 45
- (see Fig. 5E). Subsequent |y, by addi ng the waveform
sanpl es of the buffers Bl' and B2' into the buffer BO, the waveform

sanpl es evidryaldtldic refadone] TimiagSt OTRisi BoMpéhisates f fir Bthd Yeelvdd). 5
5F). This term nates the waveform cal cul ati ng process, and the stored
wavef or m sargamgel ing ffireqoehter F8Mised forheracheding, scethavtethé avdveefcaad out
by the reproduction section 9 for audi bl e reproducti on. The
t one gener atsampleetdath ofan hie presénoutnfzaomi thehayaveformpaemogys 39
above as a program executed by the tone generating device of Fig. 1,
but it may b aang Qiteh as whensinggoxrdggsl i cati on programon a

ener al - pur pose conput er
g éj P Tﬂgh the interpolated sample data ISD from the

interpolation circuit 40 is multiplied via the multiplier 41

by the tone volume envelope waveform AEG generated by the tone

volume envelope generator 42 and 1s converted via the D/A

converter 43 into analog representation at the fixed
10 reproducing rate.

It should be noted here that when compressing the
waveform data, the sampling frequency Fs for recording
waveform data from the start to end of a tone can be varied
not only in a stepwise fashion as shown in Fig. 19 but also

15 in a consecutive gradual fashion as shown in Fig. 24. 1In
Fig. 24, the sampling frequency Fs is varied to 1lower
consecutively from 48 kHz at time point t4 to 24 kHz at time
point t5, and such a continuous variation also allows the
waveform data to be recorded in the waveform memory in

20 compressed form. In this case, the original pitch data OP
expressed in cents is set to vary linearly from the start to
end of the tone. That is, when the waveform data read out
from the waveform memory are reproduced at the fixed
reproducing rate, the pitch of the reproduced waveform data

25 varies linearly from address Ad4 to address Ad5 along the cent
axis as shown in Fig. 25.

Thus, where waveform data are recorded with the sampling

frequency varied as shown in Fig. 25, the original pitch



operated by various operating systenms such as "Wndows" (operating
system for personal conputers commercially 15 available from M crosoft
Corporation, U S A). Al though a detailed description has not
been made above about the calculation process for collectively
formng a plurality of waveform sanpl es per predeterm ned unit tine,
t he cal cul ati on process nmay be oth 3 than nmere waveform nenory 20
readout operations as in the foregoing enbodi nent, such as the _known
FM synt hesi zi ng operations, AM synthesizing operations or Fourier
synt hesi zi nggeperatoon87 of the eledfridhild)amsi®g: dasSthinchr SRGEIENBAL S,
t he present i nvention can determ ne a waveform sanple form ng

resol ution, F2g. 23oepndycheedsetgenutputngriginakl pitepedatagopnvabheihgr or
not a tone waveformto be sounded is of a wi de frequency band, or

on i nportancéPof@ t RECkeRelinpe fashion &ndehsnme coanalteop substantially

arithnetically formtone waveform sanples irrespective of .
- 46 - S%ﬂ%fhﬁ'e% 1R RORBBIGF AR -0 be sounded is of a wide frequency

w t hqQut perform ng wast ef ul
band or §' arrow frfguglec yarb::'aai}ldg‘emez}t %or Pecording gwaveform sample data in

the waveform memory in accordance with the waveform data
compressing method of the present invention and the electronic
musical instrument including such a waveform memory having
waveform sample data recorded therein, the functions denoted
10 in blocks can of course be implemented by hardware components,
but may also be implemented by a MPU (micro processor unit)

or a DSP (digital signal processor).
According to the present invention described so far, the
sampling frequency is raised for the attack portion of a tone
15 to be recorded where the waveform data contain high frequency
components and lowered for the sustain portion etc. where the
waveform data contain not so high frequency components, so
that waveform sample data to be recorded in the waveform
memory can be effectively reduced in quantity and compressed
20 to a substantial degree. As a result, the present invention
can reduce a storage capacity of the wavefornm memory and use

the memory with enhanced efficiency.



cal cul ati ons. Furt her, because the waveform sanple form ng
resolution 5 is raised for the attack portion of a decay tone in order to

forma greater nunber of waveform sanples and is | owered for t he
sustain portion to forma snmaller nunber of waveform sanpl es,

wast eful calcul ations can be avoided so that waveform sanples from
the start to end of a tone can be fornmed.,10 effici Lt hout

i nvol vi-ng wast'Bisi$heetHids BednReplasad . By thus sawm orm

cal cul ations foL;' ﬁﬂmlm one generati ng chaﬂMﬂﬂ)’E{ﬂ&”ﬂf) Wbl e
to i ncrease the| ERUEEI bE H 4 wavef gr ;n gamcgl ati ons fore 3
generating chan 0 her eby—enftance the quality of a tone gefierated
in that 15 channel, and the nunber of channels capabl e of sinultaneously
generating tones can be increased. Mor eover, because the

i nvention cah. cont Aoltdriee gemérating methbdnefaravEPDNimg afongs WaVHEOTdr ned
per unit tinme I ndependently for each channel, tones can be generated
with 20 dsdmpyesionyidie tasdsaafnyaveEosRafiaEning apkgulations oy1a R0y

to reduce the anmount of cal culations_for a specific c anrael . vgi ch
wi Il presentafibthameiis | RrRcessing ArH%hou Q"??é’qﬁfﬁ@e in o thdtt &

therein is of | ow

[ity. { i t f . ' T7A
Lo°7D arfi 10°eeP B om0 the uare FarR APURITS S LRIe RS, 18 JEbETLI NG ar a
[ t di t t t . of
;:(r)“r/rg;te ;sglnng 1ndepenn§en% ﬁ%ﬁ?irc?:?er% e‘g??lggr‘,tﬁffl g. d?ggrég%%alto g(;lg%%tis% ws a

channels in accordance with a character of a waveform to be

formed in said channel and importance of said channel relative

to cther said channel.

10 2, A tone generating method for forming tone waveform
samples on the basis of waveform forming calculations via an
arithmetic processing device, characterized in that a
resolution of the waveform forming calculations is varied
during the calculations in accordance with a time-varying

15 ratio of harmonic content in a waveform sample.

3. A tone generating method wherein tone forming
calculations are performed for a plurality of tone generating
channels so as to form waveform data of a plurality of tones
corresponding to the channels, said method comprising:

20 a tone control step of generating first control data
for, for each of the tone generating channels, designating a
tonal characteristic of the waveform data to be formed in said
channel;

a calculation control step of generating second control

25 data for, for each of the tone generating channels,

BEEN
THIS SHEET HAS
REPLACED



set of waveformdata stored in a buffer to be used for

- 47 - comptete—{start-to-end) sounding of a singl e tone, Figs. 7A
to 7Dillustrate l(;|uency spectra of the wavef or mdata—ef —Fig. 6 as

extracted at vari'of aﬁB&an;jace b", "c" and "d", wiringe it R

il lustrates an exeijgl in whi ch sanpl i ng ”",m ' "ﬂlﬂw IS
vari ed when ti ne- S¢lf§ b\ ata fogg _ conpfete sbundlng ®

single tone are sanpled an First, with reference to
Figs. 6, 7Ato 7D and 19, a descri ption wll be made about how t he
sanpl i ng fredgpsignating a specd fiet numBér of tond\samipdes itd begforied tire
waveform data of the attack portion at point "a" of Fig. 6, which has
a rel ati vel ysaidlechannel fpesnuenidy thianed, present a frequency spectral
distribution with numer ous har noni ¢ conponents existing up to high
frequency F1. a tore sApmakldy eqlepcy ofs | fosangpethg ofie the tone
attack-portion 15  waveform_data of having_the spectral distribution shown

in Fi Fener g (Fb:?ém&clﬁ'eéé'titﬁf“&ﬁéf-’atlﬂr&nf??@ﬁﬁ@n‘é?/V?fqrm data of
The S"Q?t'ytatH%ﬂ&?%%grggﬁgkﬁiﬁbd@éasﬁ? C éHhefjln accordance with the

tonal characteristic designated by said first control data and

at a sample forming rate designated by said second control
data; and

a step of generating tones on the basis of the waveform

10 data formed in said tone formation step for the plurality of

tone generating channels.

4. A tone generating method as defined in claim 3 wherein
said calculation control step generates said second control
data in correspondence with the tonal characteristic of the
15 waveform data to be formed in each of the tone generating

channels.

5. A tone generating method as defined in claim 3 wherein
said calculation control step varies said second control data
to be generated, in correspondence with a time-variation in
20 the tonal characteristic of the waveform data to be formed in

each of the tone generating channels.

6. A tone generating method as defined in claim 3 wherein
said first control data includes pitch information that
designates a pitch of a tone to be generated in each of the

25 tone generating channels, and wherein said tone formation step

THIS SHEET Has ppa
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Fig. 6 present a frequency spectral distribution with conponent s
existing up to Trequency 12, as shown in Fig. 7B. That is, the
hi gher - order har mpi JeRL s have attenuat ed— faster, |eaving the

20
frequency band nar ry of the att gk
i mwﬁmmdmaoﬂ.

8Sle

ean  The sanpl i ng
frequency Fs in sa mﬂgmﬁﬂlﬁﬂﬁ?tral
L

di stribution shown liksl # 7B haswé§ be at le

frequency 2f2. 25 Further, the™ eformdata of a sustain portion
at point "c", where the harnonic conponents have further attenuated,
present a fLaayeaek TAECHIdnlinbihidtiAn Yel BaGRTBENEALS channe18XiHtbNd
only up to frequency T3 and has a considerably . .

- 48 - a NBh&SWE & ahi A4 BRC Yrded d o £astisdOWonkn b Jbe’ Gerdd¥atadrpl HRJ
frequency Fs in sanpling the waveform data of having the spectral

di stri buti oacteedance Migh Ahdasanmldefaimimfstate debighetedhby 263ad this
nmeans that the sanpling frequency Fs can 5 be substantially |ower than the
above- nment i eetndacphnitrgl data.frequency 2f1 for the attack portion.
Al so, as shown in Fig. 7D, the further attenuated
5 7. A tone generating method for simultaneously generating
at least two tones, comprising:
a first formation step of forming samples of a first

tone waveform containing a great number of high-freguency

components at a forming rate of N samples per unit time;

10
a second formation step of forming samples of a second
tone waveform containing a small number of high-fregquency
components at a forming rate of M samples per unit time,
where M is smaller than N;
15 a step of subjecting the M samples of said second tone

waveform to an interpolation operation, so as to provide N
samples of said second tone waveform;
a mix step of sequentially adding the N samples of said
first second tone waveform and the N samples of said second
20 tone waveform sample by sample, so as to provide N samples of
a mixed tone waveform; and
a step of generating tones on the basis of the mixed

tone waveform provided by said mix step.

8. A tone generating method wherein tone forming
25 calculations are performed for a plurality of tone generating

channels so as to form waveform data of a plurality of tones

THIS SHEET HAS BEEN
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waveformdata at point "d" of Fig. 6, which only contain |ow or der
har noni cs, pre a frequency spectral distribution 10 wth conponents
exi sting only up to frequenc close to the e,

| eavi ng the fredﬂlﬁﬁﬁéﬁtfﬁéﬁ%n pls 4 rlrzgwle;] than saﬂ’!{'ﬂﬂl’ﬂgﬂﬂ@mcgata of

portion. The s'-

having the spectrwmﬂm bn shown in Fig. 7D Kas¥tos be at | east
hi gher than 2f4; 1t yedIhs t hat The’ sanpling frequency Fs can be very
| ow, e.g., several tinmes |ower than the above-nentioned sanpling

frequency 2ichfQispon@idlgt 3K the dhddnels, said medhoBEBbRpREdingbe sanpling
frequency necessary for "the wavef orm data correspondi ng to conpl ete

(start-to-end) 20 sounding of a siagl@AWigiencagtds wrdedler€ings the
attenuation of t he wavef orm data progresses. Thus, the present

i nvention i pluralityoRss rictiee dyereraimge chammedisorimtaatfirist pad emmaed, by
varying the sanpling frequency Fs in recording the waveform in the
above- nent | gxedhpsgnner. 25 In the illustrated exanple of Fig. 19,
the sanpling - frequency Fs is set to an initial highest frequency of
48 kHz 5 for @ Prsodfepmnatbion netepiaf £ormipg uli FgmBLereg$t 3 TR

when the attack portion ends, switched at tinme point tl to g \
waveform per unit time for each of the channels of said first

group and sequentially adding the N samples between the
channels, so as to provide N samples of a first mixed
waveform;

10 a second formation step of forming M samples of a tone
waveform per unit time for each of the channels in said
second group and sequentially adding the M samples between the
channels, so as to provide M samples of a second mixed
waveform, where M is smaller than N;

15 a step of subjecting the M samples of said second tone
waveform to an interpolation operation, so as to provide N
samples of said second tone waveform;

a mix step of sequentially adding the N samples of said
first second tone waveform and the N samples of said second

20 tone waveform sample by sample, so as to provide N samples of
a mixed tone waveform; and

a step of generating tones on the basis of the mixed

tone waveform provided by said mix step.

9. A method for forming waveform sample data corresponding
25- to a desired sound comprising a step of, at a variable
sampling rate determined in accordance with harmonic

components contained in the sound to be formed in a given

THIS SHE*IET HAS BepN
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- 49 - | ower frequency of 32 kHz, and then again swtched at tinme
point t2 to 24 kHz that is half the frequency for—the attack _portion.

Here, the per- URik silehtTRs BRYRéREA sanpl e data amounty pep pe oM i g2 poi nt
tl to time point Wi SEERY (0% W he initial 5 per,ﬂ',!m"l& f :',orm
sanpl e data armurH)g'i'i ‘ i poi nt tl, th - s wavef or m

sanpl e data anoun point t2 to tinme point t3 is 1/2 of the
initial per-unit-tinme wavef or m sanpPe " data amount prior to tinme point
t1l, and the per-unit-time waveform sanpl e data anount fromtine point
t3 10 is il tedtin NirbrMinBchatoEbrh! Sy YeAiaTB2TBHE §20én time
anpunt prior to tinme point tl. Thus, the anount of waveform sanpl es
for conpl et essotivh Nowledréisi fgt ceh6RCotal RluralitysSidifinandddeiskiced
as a whol e, and the waveform sanpl e anount reduction will have
greater effecaeefdmn sanpile igdtxidye fidrmedfatwey efariakiiai asail Sefptetk t 0
be stored. The thus-reduced waveform sanple data for conplete
soundi ng of derendimg mre the daximpnici componentst bentaimédrim the sowndry,
so that they will then be read out fromthe nmenory for audible
reproduction at a fixed reproducing rate. The 20 fixed reproducing rate
is the gonverting timng of the D A converter. However, if the

wavef or sanﬁ‘e datfa ’F%%’%nﬁh%?%ln a degifed Pwid tHe ddNddade ind@oraled

whi | e Vary'rEh&J£ f%?ng 'nge sections and waveform sample data are formed

for each of the time sections, comprising the steps of:
defining resolution of waveform samples to be formed in
each of the time sections independently of other said time
10 section and performing arithmetic operations to form waveform
sample data for each of the time sections with the resolution
defined for said time section; and
outputting the waveform sample data formed by said step

of defining resolution.

15 11. A method as defined in claim 10 wherein said step of
defining resolution forms a specific number of waveform sample
data corresponding to the defined resolution, using an
optional time within the time section, and wherein said step
of outputting temporarily buffers the waveform sample data

20 formed using the optional time and reads out the buffered

waveform sample data at a desired reproducing rate.

12. A method for forming waveform sample data corresponding
to desired sounds in a plurality of channels, comprising the
steps of:

25 forming waveform sample data in each of the channels at

THIS SHEET HAS BEEN
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frequency Fs_as shown in Fig. 19 and then reproduced at a fixed
reproducing rate, the resurtant reproduced waveform 25 sanple data w ||

natural |y var yrhidkhd : generation of  Tthe tone: > Fi g.
20 illustrates, h&fhe ! Q‘gg\ri ations of origi naI”"lmmmlmﬂllml

rel ati onshi ps %ﬁﬂm detect ed when the 1 1| BNR |

- 50 - ! ' data are regd out fromthe wavefdr m*nenory
and reproduced at a fixed reproducing rate of 48 k sanpl es per
second and read addresses of the waveformnenory. In Fig. 20, "NNO"
represents aapidsfipldngd r@t& gevadndnad titRidpeedily Sfor ' 888HJIJYH. tRE
address range before address Adl is one for readi ng out the waveform
sanpl e data €baneelsp amdti ne point tl of Fig. 19, an address range
from address Adl to address Ad2 is one for reading out the waveform
sanpl e data fornedutputting oresamplembiwavefbmw seimpdepdana b péskmglidd, an
address 10 range from address Ad2 to address Ad3 is one for reading out
t he wavef or ntBanpr¥efars sempde fdasm tfommedi b tndividiuad ones qbithet 3

f Fig. 19, d an  address range after address Ad3
° '9 g channels by use ofgg common sampling frequency.

o

13. A method as defined in claim 12 wherein said step of
outputting includes adding together the resampled waveform

sample data of the individual channels.

14. A method as defined in claim 12 wherein said step of
10 outputting includes interpolating between the waveform sample

data.

15, A method as defined in claim 12 wherein the sampling
rate for each of the channels is variably determined depending
on a time section of the sound to be generated in said

15 channel.

16. A sound generating device comprising:
an arithmetic processing section for dividing a sound to
be generated into a plurality of time sections, and
independently for each of the time sections, defining
20 resolution of waveform samples to be formed in said time
section, so as to form waveform sample data corresponding to
said time section with the resolution defined for said time
section; and

an output section for outputting the waveform sample

THIS SHEET HAS BEEN
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is one for readi ng out the wavef orm sanpl e data forned af_ter _ time
point t3 of Fig. 19. What is shown in Fig. 20 is an instance

where the flxeﬂusSheetHasrB‘a @ReAei Ng rate is 48 kHz e i ghest
sanpl i ng H sed during the vvavefo :mm:ﬂﬁ" %I m and
because of the lﬂ | H"IHHumllflxed repr oduci ng rat orm
sanpl e data rea addr esses Lgnge bef ore address Adl will
have a pitch equival ent to the pitch NNO’of t he note sounded at the
time of recording. If one period of t he waveform data at point "a" of
Fig. 6 is eqlataifenmetioby(fhid arithmsplesprodessimy seictabni khil oz
[err] 100 480 Hz. The wavef orm sanpl e data read out fromthe

addr ess ranngCF'lrm variahliylr eontadllingacdr time Ad2duh| lofhaysch pift cthd hat
Is 3/2 of the pitch NNO because they are reproduced at a fixed
reproduci ng §3MRL&%at is 3/2 of the rate used at the tine of

recording. Nanely, the pitch will be 480 Hz + (3/2) = 720

- 51 - Hz. Further, the waveform sanple data read out from
dress Ad3 wil| have a
the aql.df €ss rgng.seod‘nrdo mggxqg{'gglsnéb\ d%ev?.cgd as defined in claim 16

5 wherein said arithmetic processing section forms waveform
sample data of a sound to be generated in each of the
channels, with the resolution defined independently for said

channel.

18. A machine readable recording medium containing a group

10 of instructions to cause séid machine to implement a sound
generating method, said method performing tone forming
calculations for a plurality of tone generating channels so
as to form waveform data of a plurality of tones corresponding
to the channels, said method comprising:

15 a tone control step of generating first control data
for, for each of the tone generating channels, designating a
tonal characteristic of the waveform data to be formed in said
channel;

a calculation control step of generating second control

20 data for, for each of the tone generating channels,
designating a specific number of tone samples to be formed in
said channel per unit time;

a tone formation step of, for each of the tone
generating channels, arithmetically forming waveform data of

25 the tone corresponding to said channel in accordance with the

tonal characteristic designated by said first control data and




pitch of 960 Hz that is twice as high as the pitch NNO 5 because they
are reproduced at a fixed reproducing rate that Is twice as high as

the rate used mg@amg%ﬁfp}a&gcordl ng. That is, the pitch of the

wavef orm sanpl e ik & from the address.
to address Ad3 JmﬂEH mm .[:/t ave higher than tdmﬂllﬂﬂ
oct.). Simlarl t rmvef orm sanp %f dat a alc ().
range after Ad3 will have a pitch 71,920 Hz that is 22 tinmes as

hi gh as the pitch NNO because they are reproduced at a fixed
reproduci ng J;at S h e ot of
recor di ng. ta;léé]ﬁé]h% %ﬁ%ﬁ%%ffigﬁ%aavﬁ\%ggnoéﬁ%gaﬁ% gaQHS%@gngg rcgad r?&t
fromthe adifAss LHa0e after address Ad3 is two octave hi gher than
the pitch NNO (NNO + 2 oct.). | f waveform sanple data are
recorded with the 8y i0F) generatingqueney &n thargesisiwt nhd eravaifoam of a
tone as shown in Fig. 19 and the thus-recorded waveform sanpl e data
are 20 repacudedmedt inasafidxédneefoomiation step efor tthe plapraddiyedf
wavef orm sanpl e data will undesirably vary in pitch during soundi ng of
the toné i n toneagenerarisigowhannekisg. 20. Thus, it is necessary to
control the sanple data readout fromthe wavef orm nenory so as to
prevent the pitch variations of the 25 reproduced waveform sanple data.

To this end, the pitch variati ate as own i 20 i sout ut,
during recor'd- ng & mpﬁgi%gvé‘pgaﬁpégt Jé,ecgggrng meglum containlng lP

of instructions to cause said machine to implement a sound

o

generating method, said method simultaneously generating at
least two tones, said method comprising:

10 a first formation step of forming samples of a first
tone waveform containing a great number of high-frequency
components at a forming rate of N samples per unit time;

a second formation step of forming samples of a second
tone waveform containing a small number of high-frequency

15 components at a forming rate of M samples per unit time,
where M is smaller than N;

a step of subjecting the M samples of said second tone
waveform to an interpolation operation, so as to provide N
samples of sald second tone waveform;

20 a mix step of sequentially adding the N samples of said
first second tone waveform and the N samples of said second
tone waveform sample by sample, so as to provide N samples of
a mixed tone waveform; and

a step of generating tones on the basis of the mixed

25 tone waveform provided by said mix step.

20. A machine readable recording medium containing a group

THIS SHERT HAS BEEN
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original pitch variation control data to be used for o

- 52 - Qéﬁératfﬁg—E_nunthf, and the original pitch variation control
data are stored—.N.a control section of an el ectropi, 158 _ _

i nstrument as wi re) -m Ragbedr i bed in detail. ﬁiljm I‘;LIIU!Hase, t he
_ H,!ol data are data 5 SiiSye ts, a
glo

original pitch v T @XPE ¢ _ S,
cess may 72 be significantly sinplified.

S

necessary pitch N _

The original pitch variation control “data are control data to _
synt hesi ze a variation curve of the original pitch OP as shown in Fig.
20, and in tdf sinstrucisns tteYcapes| E¥idanhahifg tbMifkg18fént A2 .sound and
pitch 10 values NNO, NN(720 Hz), NNO + 1 oct .. .... Fig. 21

i | | ust rat es genegedrpicar werthioder saidhi mbthb@ perfostday i Ngbrid eRERDAGS | S

varied during recording of waveform data for conplete sounding of a
singl e tone dRdGH@EHansndor a plagtadd tyhaif afdner drersmradfiinge tehainngad sl | y
I ncreasing 15 bri ght ness. In the illustrated exanple, the

wavef or m dat3f fQvEorm wavefos diatisaefivainl unadidiye of stones aqurespbridiom t i me
poi nt t% to the channels, said method comprising:

a division step of dividing the plurality of tone
generating channels into first and second groups;

a first formation step of forming N samples of a tone
waveform per unit time for each of the channels in said first
10 group and sequentially adding the N samples between the

channels, so as to provide N samples of a first mixed

waveform;
a second formation step of forming M samples of a tone
waveform per unit time for each of the channels in said
15 second group and sequentially adding the M samples between the
channels, so as to provide M samples of a second mixed

waveform, where M is smaller than N;

a step of subjecting the M samples of said second tone

waveform to an interpolation operation, so as to provide N
20 samples of said second tone waveform;

a mix step of sequentially adding the N samples of said
first second tone waveform and the N samples of said second
tone waveform sample by sample, so as to provide N samples of
a mixed tone waveform; and

25 a step of generating tones on the basis of the mixed

tone waveform provided by said mix step.

21. A waveform data compressing method comprising:

THIS SHEET HAS BEEN
REPLACED




to tine point t3 and in this period, the sanpling frequency Fs is
mai nt ai ned-—at—tte—higiest 48 kHz. The sanpling 20 frequency Fs is set

Lf Rom e sounding éwi_inuiﬂ;_LQ_IL%EEW20|nt
¥ period fromti '”Mt Ol poi nt

t1, then set B Sheg

t2, and restor }! after tine p0|nt t

mavefornlsanpl L #torded with the sanpling =

changed at internediate points of a torfe’and the t hus- recorded
wavef orm sanpl e data are reproduced at a fixed reproducing rate, the

pitch of the reprgduigd avalay BeatRblitting dlakdvdbdin UDAERLAGPIELAId T el

fromthe recording pit

- ment “égm&ﬁéd'gg§i°§USo in this case, the pitch variation
rate of the tone different in formfromthe foregoing is out put
during recording afcddierom\etiedy BEdahtying ®'defict@ing samplifi Freqasnon
control data to be used for generating F 5 nunbers, and the origi nal
pitch vari atdwerimpnédad plddetsmined pextiayxdsd in the control section of the
el ectroni ¢ nusi cal i nst rument .

5 a sampling step of sampling the waveform by use of said

recording sampling frequency so as to obtain waveform data;
and
a write step of sequentially writing into a memory the

waveform data obtained by said sampling step.

10 22. A waveform data compressing method as defined in claim
21 wherein the recording sampling frequency is varied stepwise

at predetermined timing during the predetermined period.

23. A waveform data compressing method as defined in claim
21 wherein the recording sampling frequency is varied
15 gradually at predetermined timing during the predetermined

period.

24. A waveform data compressing method comprising:
an input step of inputting a waveform lasting for a
predetermined period;
20 - a control step of varying a recording sampling frequency
during said predetermined period;
a sampling step of sampling the waveform by use of the
recording sampling frequency so as to obtain waveform data;
a recording step of sequentially recording into a

25 waveform memory the waveform data obtained by said sampling

THIS SHEET HAS BEEN
REPLACED




Fig. 22 is a block diagramillustrating an exenplary arrangenent for
effecting maveTorn1prepdraLiuns—to record, 10 I nto the waveform nenory,
wavef orm dat a tmghe@trlﬁsﬁ rrRe d while varyi ng-the recording sanpling

frequency Fs. & il ustrated exarrpl e P
I ntroduced via W m i nput section 20 tl Hﬂ | | E;ﬂk)ne are
I gnal by ap A/ D conveXter o cally,

converted i | :

in 15 this exanple, the A/D converter 51 sanpl es the introduced
anal og waveformdata with a fixed highest sanpling frequency Fs
(e.g., 48 kHggegnd converts theminto digital waveform sanpl e dat a.
The original waveform sanple data converted by the A/D converter 21
into digital repr&séssbgha@tion tdtép et Hesidratehg amiaprpducdmgenestefs are
witten into an original wavef orm nenory 23 by neans of a nenory
Wite circuit 22.a generatiofhergterhe of i ggeakeragivfor marigiiondatdts e
read out fromthe original waveformmenory 23 and the sanplin
frequency i scm¢mbrb;drw skam# ipdg-chy vgrdady oraPErRgTiRgt ?-BnthQS"’aV% m
Nanely, in the sanpling frequency varying section 24, the mavef

sanpl e data &eEarEs ed iR thenwaveiRmBE, megorgdue to at‘F%r’s%ﬁﬂd?’?n

frequen F ft
( LPg) sgyt hs'# %CE%;?M lﬁg%qfe f %%uqeurg: cy %rird said contddd SQ:W-ppass filter

a modification step of modifying the reproducing rate

designated by said designation step with the variation data;
and

10 a reproduction step of reading the waveform memory at a
rate cérresponding to the reproducing rate modified by said

modification step.

25. A waveform data compressing method as defined in claim
24 wherein where the waveform data are read out at a fixed
15 rate, said variation data is data indicative of a frequency

in a logarithmic region represented by the waveform data.

26. A waveform data compressing method as defined in claim
25 wherein said modification step performs addition or
subtraction between the reproducing rate and the variation

20 data.

27. A machine readable recording medium containing a group
of instructions to cause said machine to implement a sound
generating method, said method comprising:

an input step of inputting a waveform lasting for a

25 predetermined period;

THIS SHEET HAS BEEN
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- 54 - noi se is effectively avoi ded even though the frequency Fs is
| ower ed. The variation of the Sanpliﬁg—i#%iﬂ&ﬂﬂngﬁLj&Elng

formation of @yl@e8HhSs.efkHRiad in the sanpling f 2V arvi ng
section 24 in gy ! #y shown in Figs. 19 anmm’lﬂ" Hiii node of
varying the sa}ﬂj iy Fs, i.e., how* a m ng of
the waveformd “ng f Legqyency shoul d be varled S
designated by a variation node desi gnating section 26. The wavef or m

sanpl e data, having been 10 changed by the sanpling frequency varying
section 24 to thea controdaspepnof vamygirenay redesifngt sampling tfirequemdyat i on
node desi gnating section 26, are witten into the waveform nenory

25 whi ch caflurdng &didi prederermingd perdodoni ¢ nusi cal i nst runent
according to the present enbodi nent. 15 If the thus-witten

wavef or m sanpl e cmt%nmléqgeﬁrt@@ueédsamplmat the fyaeRf o=p ki tseh PF &add t he
reproduced mavef m sanp data will undesirably cause variation in
pi tch durind %(rhnﬁg Samp‘ilngf feQUERRE. SOBES, F9e OPE 1. Ve faRMFidftas g
and 20, hean pitch varies in accordance with the designation by the

20 wvaritation nDde designating section 26, there are generated

original pitch vy 01%[1 5@% ﬂl’ %‘}H %__qhﬂglgt (ln%ea memoq%rs"éi’{éat I on

by the de5|gnat|ng Se rlglna
waveform data obtained by said sampling step.

28. A machine readable recording medium containing a group
of instructions to cause said machine to implement a sound
10 generating method, said method comprising:
an input step of inputting a waveform lasting for a
predetermined period;
a control step of varying a recdrding sampling frequency
during said predetermined period;
15 a sampling step of sampling the waveform by use of the
recording sampling frequency so as to obtain waveform data;
a recording step of sequentially recording into a
waveform memory the waveform data obtained by said sampling
step;
20 a designation step of designating a reproducing rate;
a generation step of generating variation data
corresponding to a pitch variation occurring in the waveform
data recorded in the waveform memory due to a variation of
the recording sampling frequency by said control step;
25 a modification step of modifying the reproducing rate

designated by saild rate designation step with the variation

T IS SHEET HAS BEEN
REPLACED
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variation control data conprise variation values in cents and preset
in the el ect i unment or waveform 25 reproduci ng device
that reads out the waveform sarrpl e data from m nenory 25

for repr oduct|"B‘W"5]““”“1%5B“"‘?‘“R"PIa g. 23 is a block d| ting a
gener al mmuﬂmn el ectroni ¢ nusi cal | m’z m ing the
- 55 - in whi ch wayeformdata afe &

conpressed forn1accord|ng to the wavef 6r fiiPdat a conpressi ng nethod of
the present invention. For sinplicity of description, the

| ect t
el ectoni ¢ nusi 2} JdiskdliRiod SRPUEdebing tnEREVSESrR RGP 0P 2

a tinme. he 111 rated exanple; the e

instrument GO | kfifredhdiilRA ¢ (HHd) rEprRIRIANRT fite? dbdiied by dsdidver;

a detection circuit 32 for detecting a note-on event (NON) and note
nunber (NN) mddifidatidin ategnerated or 10 depressed key on the keyboard
33; a pitch envel ope generator (pitch EG 33 for, in response to
passage of time fromthe occurrence of the note-on event NON detected
by the detection

THIS SHEET HAS BEEN ‘
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circuit 32, generating a pitch envel ope waveform AP expressed I n
cents to vary the pitch of a tone in accordance wwth a 15 sel ected tone

col or nunber TC, and an adder 34 for adding the pitch envel ope
waveform[err] P fromthe pitch envel ope generator 33 to the note
nunber NN detected by the detection circuit 32. The

el ectronic nusical instrument further cogprises: an 20 original pitch
(OP) generator 37 for generating original’ pitch data OP on the basis
of the above-nentioned original pitch vari ation control data

expressed in cents; a subtracter 353f&¢fract subtracting the generated
original pitch data OP fromthe note—nunber output fromthe adder 34

after having beerrmadied Wahll Bévicd h&opi t Ebreivg! epeTvRdciwEvafdre. byNN +

AP); and a frequency nunber (FN) generator 36 for, in accordance with
a nodi fi ed Combined Yseunbdd fiferentiavetdrmSaaplaSFérming Rédsol ytdionsP® -
oP), generating a frequency nunber (FN) proportional to a pitch of
- 56 - a tone to be generated. The original pitch generator 37 has

stored therein a plurality of the original pitch variation
The number of waveform samples per unit time, i.e.,

5 waveform sample forming resolution is variably set depending
on characteristics of a tone to be generated, such as
construction of harmonic components in the tone. The number
is increased for a tone or portion (e.g., attack portion) of
a tone containing a relatively great number high-order

10 harmonic components. Conversely, for a tone or portion (e.g.,
sustain portion) of a tone containing fewer high-order
harmonic components, the number is decreased. By thus
variably setting the waveform sample resolution, a process for
arithmetically forming waveform sample data can be performed

15 without involving significant waste. The waveform sample
forming resolution may be variably set independently for each
of tone generation channels. Data compression can be achieved
by storing the waveform data with the waveform sample forming
resolution variably set for each of different waveform

20 segments.

(Figure 9)



control data corresponding to a plurality of waveformdata to 1/18€
stored in the waveform nenory 39, and the generator 37 5 generates the
original pitch data OP by use of the original pitch variation contro
data corresponding to a waveformto be read out fromthe waveform
menory 39 in response to the tone col or nunber TC and note nunber NN.
An address generator 38 selects a waveform from anong 10 those stored in
t he waveform nenory in accordance with the t one col or nunber TC and
key range of the note number NN, and it outputs the start address of
t he selected waveformas a first read address at the timng of the
not e-on ON event Then, the address generator 38 increnents the read
address at 15 r& rate corresponding to a supplied F nunber. From t he
wavef orm nmenory % havi ng stored therein the waveform data as _
conpressed according to the waveform data conpressi ng net hod of the
present inveption, waveform sanple data MSD is read out im response to
the integer portion of the read address 20 generated by the address
generator 38 An interpol ation circuit 40 provides saqgle data |1 SD
that is inteqpolated in regronse to the decy mal portion of the

generated regad address usifng}t he wavef orm spnpl e data suacessively
read out fromthe A bf or | mogy 39. Further, a multiplier 41
multiplies the 25 [ bl at 4 |l e data 1S fromthe int%rpolation
circuit 40 by a t ol ur nvel ope wavefof m AEG The tone vol une
envel ope wavgf or m AEG ikagi-etit es variafions in the
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tone corresponding to the tone color nunber TC, and is 2/15

- 57 - generated by a tone vol une envel ope generator 42 I'n response
to the timng of the note-on event NON At a fixed reproducing
rate, a D/ A converter 43 converts into anal og tone data the digital
tone data (i.e., 5 interpolated sanple data ISD multiplied by the tone

vol une envel ope wavef orm AEG output fromthe nultiplier 41.

Further, a sound system 44 audi By qregro $1 CBeRA kRLrdrane i gnal
supplied fromthe D/ A conviert mu ij Tﬁﬁmm out puts fdigital
tone data for each timng n 2D A 10 cp,pmv,mgmmgeﬁjmcans t he] anal og

conversion at the fixe r-epr-gduci n FE(BC@IT@DLWDH&WI I ng
frequency) .TO¥ BPLOR DABENOt ad "by rlefer ehAEE ﬁQN?BQIéFNMBATA sesentp a
plurality of tone col or switched ( %L ﬁg%h‘&@@”ﬁ 0hdNker to
select a desired coljor to and_a bl ockl denot ed
by 15 reference nuneral| 4q i p @idetjection circuit for detecting the
user operation of one of the r switches so as to out put a
tone col or nunber TC correspcndimg jto t he user

WD 2

WAVEFORM DATA 1 WD 3
WDn FI1G. 2

INPUT BUFFER

| NUMBER OF EVENTS

ID1 CONTENTS OF DATA 1

ID2 OCCURRENCE TIME OF
DATA 1

I1D3

F I G. 3

TONE GENERATOR

REGISTER

1CH NOTE NO.
WAVEFORM DESIGNATING DATA D;

2CH LFQ CONTROLLING DATA D:
FEG CONTROLLING DATA D;

3CH AEG CONTROLLING DATA D;
NOTE-ON: AND

. OTHER DATA D
WORKING AREA
32CH

F I G. 4



sel ected tone color. The el ectronic nusi cal instruneH}soperates
inthe 20 foll ow ng manner. \Wen the player depresses any o d%f the
keys on the keyboard 31, the detection circuit 32 detects the

depressed key to generate and provide the note nunber NN of t he
depressed key and note-on signal NON to the pitch envel ope gener at or
33, tone vol une envel ope generator 42, original 25 pi tch generator 37
and addre g ato n t hi pit velope
gener at ors‘é3 g gr;'t ?\I%rums e veI éf 5 I%enera r ]Z.ZE‘Et ar erati ng

pi tch envel opgymaxafor m [err] P and gyppeg gione vol une envg,ll:memwavef orm AEG,

respectivel y,{¢ e=oni gi nal {(CC=1) (cc=2) - 58 -
pitch gener&ber—&?—geﬁarates or iyer i data OP, addr ess
generator 3B a Pdad address congosed Bfl an |nteger pd&riion |ADI and
deci mal por.lonS ASST] erejthat wavgror ﬁta ar e
pre-recorde £ 5 wavef onpm_nenh 39fwith t he] sanpl g friequency Fs
varied in grﬁagman er shown|in g3 19 hnd that fhe glppyer Has
desi gnat ed sane pi tteh—as—of—the record
. . SD32
SDé64
SD128
i INTERPOLATION i INTERPOLATION
BUFFER B¢ BUFFER Bl’ BUFFER B2’
SD1 SD1 SD1
SD2 SD2 Sb2
SD3 SD3 SD3
SD4 SD4
ACCUMULATED
. <. ...... »
SD128
SD128 SD128

¢RESERVED FOR REPRODUCTION

F I G. 58 F

¥F I G. 5 D

¥F I1G. 5 E



wavef or m dat a. In this case, the original pitch data/qgnerator
37 10 generates original pitch data OP expressed in the sane cent

val ue as the note nunber NN output fromthe detection circuit 32.
Here, a data value output fromthe subtracter 5 (i.e., NN - OP) is
approximately "0" cent if a pitch envel ope waveform[err]P far smaller

than the note Munber NN is ignored. 15 Upon receipt of the "0" cent data,

t he frequend® nber generator 36f/Qutputs "1" as an F number.
The addresps erator 38, by accumul atijnd each F nunber out put from
the frequg ‘nber generator 36, a rd¢ad} address conposed of an

20 The i nteger portion ADI
or each sanpling period of the
like SD, SD + 1, SD + 2, SD +

i nt eger po
of the read addr
D/ A converiter fri

argl deci mal portion

P not e-on titm

3, ... if ithe stdnf address is "SD‘ While the decimal portion ADF of
t he read : addr S is constantly ma:l nt al ned at "0 ". 25 ws Each
time the ihteger’ portlon ADl is glven tp t e maveforn1ne»-ry 39, the

stored wavég Tttt ot fronrtgpp—rrere 9= Because
t he deci ma ion ADF o [d- out
waveform s dat a MSD '

g
H
0
0

A
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- 59 - is passed through the interpolation circuit 40 to the
multiplier 41, which in turn multiples the sanple data MSD by 5/te tone
vol une envel ope wavef orm AEG and the resultant multiplied data to the
D) A converter 43. The D/ A converter 5 43 converts the waveform sanpl e
data MSD into an anal og tone signal at a fixed reproducing rate, and

t he anal og tone signal i s audi bl e reproduced or sounded through the
sound system 44. vaveErGlmcausirciNae prnell vi dual i nteger portions ADI are
generated as succ ssiva»addresses, all the recorded waveform 10 sanple
data are read out|from}he waveformnenory 39, and the wavef or m dat a
repr oduced at tpﬁmﬁix@ﬁ FeproducT ny rat e Vi pe ol the sane pitch as
when recorded. When the pla depresses a key of a note nane

di fferent fromthp recorded e nane, ainote nunmber NN correspondi ng
15 to the note nane gn we code of the depressed key is out put
fromthe detection circhit 32ito the frequency inunber generator 36
(for exanple, where a kpy higher than the recorded pitch by a whole
tone i s depressed, the fetectjon circuit i32 outputs a note nunber NN
i ncrenented by 200 cents). 29 The key nunbeﬁsgenerator 36 In turn
generates an F nunber correggponding to the depressed note nane and
octave code (e.qg., higher than the recorded piteh by@a whg e tone)
and

VARIATION OF WAVEFORM DATA RORMING RESOLUTION (CC)

A
T 48KHz
FREQUENCY
24KHz
12KHz
t2 t4
TIME —>
I G. 9
VARIATION OF F NUMBER
A
F
NUMBER
FNo o=
FNo/2 }--—
tl t2 t3 t4
TIME >

F 1 G&G. 1 0



passes the generated F nunber to the address generator 38. On the
basis of a read address generated this tinme, waveform 25 sanple datgzMSD

is read out fromthe waveform nenory 39 to be subj ected to an
interpolation process. In this interpolation process, interpolation
such as linear interpolation is ef fected between successive waveform
sanple data MsD in - 60 -
accordance with the deci mal portion SDF. The thus-interpol ated
sanple data I1SDis nmultiplied via the multiplier 41 by the tone

envel ope waveform and passed to the D/ A converter, where the sanple
data ISDis restored to 5 anal og waveformdata at the fixed reproducing
rate. The restored waveformdata will presant a gitch correspondi ng
to the F nunber (e.g., [higher jthan the rfcor{eddpitch by a whol e
tone). The addresg generator 31 suppli e ??e ®generated read 10
address to the original pitch genergtor 37, Jhj ch, |Jonlthe basi s of

original pitch control data delecté¢d in respqnge t¢ t he tone col or

nunber TC and note number NNJ] det e¢tls when tHe
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read address arrives address Adl, Ad2 or Ad3. Thus, by such /15
detection, the original pitch generator 37 sequentially 15 changes the

value of the original pitch data OP like NNO -> NN(720 Hz) -> NNO + 1
oct.. .... In the above-nentioned manner, the variation curve of
the original pitch data OP as shown in Fig, 20 is reproduced in
response to the read addresses. At address |locations Adl 20 and Ad2, for
exanple, the original pitch generator 37 will generate original pitch
data OP increnented fromthe | ast data OP by 700 cents and anot her

increnented original pitch data OP to the
| ocati on past Ad2, 1,200 cents

500 cents and supply these
subtracter 35. In tur
are 25 subtracted fromt

one octave, a note nunber ong?gQ;ave | ower t han
the F nunber generated at {he pd { i

- 61 - out pu pglat i on Ad2 and then supplied to the FN
generator 36. Accordlnggg‘)the FN_géperator 36 generates an

YES

RECEIVED DATA? S30

RECEIVED DATA PROCESSING
(MIDI EVENT PROCESSES
& OTHER PROCESSES)

)

SW EVENT PROCESS

]

TONE GENERATOR PROCESSING S60

4

OTHER PROCESSES ~—S70

F 16, 1 2

( MIDI RECEPTION INTERRUPT)

L

LOAD RECEIVED DATA ~—S80

-

WRITE RECEIVED DATA INTO INPUT [~~—S9O
BUFFER ALONG WITH TIME DATA

L

(RETURN) FI1G. 13




F nunber corresponding to a pitch that is one octave | ower than the F
nunber generated at the tinme earlier than Adl, so 5 that the a8dfess

generator 38 generates a read address incremented at a rate
corresponding to the F nunber. The integer portion AD of the
read address is supplied to the waveform nenory 39 so that the
recorded waveform sanpl e data is read out, one sanple data at each
read timng. If, 10 for r to address Adl is "1", the
F nunber is nmade "O. ﬂ@@nﬁ%@ﬁﬁ%ﬂ&& so that the integer address
ADI of the read address ge ﬁﬁ@gd”WF%ﬁﬂWﬁg Bhd/ess generat or 38

changes like 0, 1, 1, 2, 2,
like 0.5, 0, 0.5, 0, ...
The integer address ADI is smpld_emng @OLOR NO.

mhllr the deci mal portion ADF changes
15 not consi dered here).

yaf@om nenory 39 to read

t

A

out waveform sanpl e data VsB t=he om—eand the read-out sanple data
MSD is supplied to the I nterpo atlon C|rcuit 40 for the interpolation
based on the deci mal porti At and after address
Ad2, the waveform sanple data ar¥g ead oq%. F Pt heq) magfforn1nennry
39 every sanpling cycle and I nt er pol at ed he"intérpolation circuit
40 in accordance wi th the individual deC|naI portions ADF. However,
because t he amount of the waveform sanple data recorded in the 25
wavef or m nmenory e dress Ad2 is, fr IL%&E(WF begNoni ng,
hal f the anount é@@%‘rodeﬁf ¥ PROS %Sress Adl in the C RYENT PROCESS gjl
J{ S180 N j(

N N «NOTE NO. ~—S110 N N «<NOTE NO.

V E L «VELOCITY T C «PART-SPECIFIC TONE COLOR

T C «PART-SPECIFIC TONE COLOR T M<0CCURRENCE TIME

T M« O0CCURRENCE TIME

\|, s190~ |

IDENTIFY SOUNDING CH

CHANNEL ASSIGNMENT PROCESS i —SOUNDING CH
i —ASSIGNED CH I~ S120
S200 L
\|f WRITE TH & NOTE-OFF

PROCESS TONE COLOR DATA TP INTO “i” CH T.G.
(TC) IN ACCORD WITH N & VEL I_-S 130 REGISTER

WRITE PROCESSED TONE COLOR I~—~S140 ( END )

DATA (INCLUDING SOUNDING

PITCH) INTO “i” CH T.G. FIG. 158

REGISTER ALONG WITH TM

|

SET WAVERORM RESOLUTION ~-S150
FOR "i" CH

SET OPEG CONTROL DATA FOR [™—S160

“i” CH

WRITE NOTE-ON INTO “i” CH [™~~S170
T.G. REGISTER

¥F I G. 1 5 A




time axis (address) direction, the recorded waveform sanpl e data are
read out fromthe waveform nenory 39, one sanple

- 62 - every other readout timng. This conpensates for the hal ved
sanpling frequency Fs used for recording, so. that the waveform IA4anpl e
data can be read out fromthe waveform nenory 39 at the sane pitch as
when recorded. 5 Then, the interpolated sanple data |1SD from
t he interpolation circuit 40 is nmultiplied via the multiplier 41
by the tone vol une envel ope wavef G generated by the tone vol une
envel ope generator 42 and is convpertgd pi converter 43 into
anal og representation at the fixe OEO r dd & 3 @t
shoul d be noted here that wherP @ss) ng EheSE - =Y m data, the
sanpling frequency Fs for recapdi pgg @qu_a;a f r the starg to
end of a tone can be yaried neiSany [ Sat@fVBse| f gghi on as shown in
Fig. 19 but also 15 4in a consecu@ g gr dg@g%‘eé @M, As Showg in Fd'j‘g. 24.
In Fig. 24, the ganpling fengy 5SS W& T edg topeper 10
0 SEE| |z gg gES N
2 £5=| |[s£5388. 0
(2] = - O MmO
=1 ==t 0 E=Eaol [ =1 [l(
e 2Eoo =] [ 5
) ==5| | E5E 3 2
S =, =, =39 (&
= (=g =] < O~ m
— (EREY-
v oI
v o1 = =
=1 = [<3] o=
o o = -
<o o = [
j==1 =t i
=1 |2 =\¢2 2e
By = < v 5 B2
- 304 - 5
< (2 - -
o (= je=R4.]
=1 |= = 3=
[<3] et [Za] -‘Qg
(-] g =, (&
m =
- (&
E
e
N
N
)]
] w
[« =3 -
- 2 == [4-]
= 0 [ 5] = -f @
=8 Ba 35 SES 2o
e Bt - -g (L [=] -t [=3 N
[ La=ai [=N=] =z a < =
2 el | =] -0 (] = o (e o~ S
O et -t | ] < = o D —
U3 U3 =0 <X} =g [ ] - Py £
Y - ] () et A Ay O B | &
8¥8g88 - ges aE@mn
N SpSERSL BT | JZ8E | JBERS
Bl b - O o7 < O [7o B =] EDOO
EO O - Qo b= 2 [<2] [y ]
o] = = o Bt b, <% [l
ommoa 2 W) - O 0L
ey =z m - Rl - = S-S D
= O b =g fe=l == 7] B 0 ()
] O e (= [ & i [+ oo
(=g Ly = 0 - = -1 0% A (Y g D O
O ey I oo - O e O = Dy By
= b=t O D & o (S Chy - -] () = 3 {x]
o= = ) -] [ R=N--B-]
- CUABAY =1 R &]
=
= ) o] o) o] 7
§ ™~ 0 o C
= 1]
= 2 =
=
[&]
-t
3 \_/

S5260



consecutively from48 kHz at time point t4 to 24 kHz at tine poi nt tb5,
and such a continuous variation also allows the wavef or m dafpaist 0 be
recorded in the waveform nmenmory in 20
original pitch data OP expr essed

the start to end

of the tone. Th

conpressed form In this case, the
in cents is set to vary linearly from
at is, when the waveform data read

out fromthe wavef orm nenory. are reproduced at the fixed
reproduci ng rate, the pitch of the reproduced wavef orm data 25 varies

linearly from addres

in Fig. 25.
sanpl i ng freq
- 63 - gener at or

37 of tfn: eIect

ong the cent axis as shown
data are recorded with the
v Fig. 25, the original pitch
roni ¢ nusical instrunment shown in

Fi g. 23 o8 S

ch data OP varyin in a
br oken- I|ne }asﬁ%mﬁ@ @%ﬂﬁ%ﬁé&ﬂ A%g%ogq(g%ﬁ%ﬁlaHy ey s?rrplifie:j in

construction. 5 = genent _fior recordi ng wavef orm sanpl e
data in the waveform menojy in accordance with the waveform data
conpressing nethod of the pre nvention and the electronic

ANY CHANNEL YES

S320

VARIED ?

WHERE RESOLUTION HAS TO BE

S330

CHANGE RESOLUTION TO

S340 4

S350

A NEW VALUE
DETERMINE CALCULATING ORDER
ACCUMULATE AMOUNTS FOR ALL
CH'S TO DETERMINE A TOTAL
CALCULATION AMOUNT
TOTAL CALCULATION AMOUNT
IS EXCESSIVE ? YES S370
NO
INCREMENT BY 1 RRSOLUTION VALUE OF
EACH CH AT & AFTER PREDETERMINED
PLACE IN CALCULATING ORDER
YES
le OK? sS380
NO

DETERMINE CH TO BE MUFFLED
& EXECUTE MUFFLING PROCESS

S390

F I G. 1 7



musi cal instrunment including such a waveform nmenory havi ng wavef or m
sanpl e data recorded therein, the functions denoted 10 i n bl ogkgscan of
course be inplenmented by hardware conponents, but may al so be

i npl emented by a MPU (micro processor unit) or a DSP (digital signal
processor). According to the present invention described so far,
t he sanpling frequency is raised for the attack portion of a tone 15
to be recorded where the waveform data contain high frequency

conponents and | owered for th ln paortlon otc
wavef orm data contain not so [iWgVEFORE QUEUICRT INGOPROCESSNES, SO t hat
waveform sanple data to be re ' menory can be
effectively reduced in quantity and conpgessed 20 to a substanti al
degree. As a result, the pf€e ed t orage
capacity of the waveform ne Cki%{ﬁﬁ%&% ry vL\ngt g?\hanced
efficiency. 64 - CLAI MS

1. A et hod for for-ni-ng—(-ene—wa-vﬁe-f-e-hm-ianpl es which is

GENERATE F NUMBER ON THE BASIS OF ~—-S410
SP, CC& OP

|

FORM A SPECIFIC NUMBER OF }~—-S5420
INTERPOLATED SAMPLES
CORRE. T0 CC

l

S480 SUBJECT INTERPOLATED ~—S 430
SAMPLES TO VOLUME CONTROL
& THEN ADD THEM INTO
PREPARATIONS WITH BUFFER CORRE. T0 CC

RESPECT TO NEXT CH

CALCULATIONS HAVE BEEN S440
NO '\, COMPLETED FOR ALL NECESSARY CH’ S

YESl

INTERPOLATION FOR BUFFER Bl [~—S450
— BUFFER Bl’

|

INTERPOLATION FOR BUFFER B2 p~—S 460
— BUFFER B2’

|

ADD SAMPLES OF BUFFERS BI’ & |[~—S470
B2’ INTO BUFFER B0

F I G. 1 8



performed by an arithnmetic processing device, said nethod
conprising the steps of: 5 perform ng wavef orm fromati g5
calculations to forma plurality of waveforns which correspond to a
plurality of tone generating channels; and per form ng
resolution control to control a resolution of sai d waveform
formation cal cul ati ons i ndependently for each 10 of said plurality of

t one generating channels in accordance with a character of each of
said plurality of waveforns to be formed in each of said channels
and the inportance of eachy oVARIATION OFSRECCRDE NG SAMEL KNG FREGUENSAE ($W TCHI NE M YRED

sai d channel s, Fs | wherein said resolution of each of said
wavefornms in 15 each l} sai d channels is controlled i ndependent|y of

ot her sai d chan%g &S 2. A nmethod for form ng tone

wavef or m sanpl es whi chygis, - perforned by an arithnmetic processing

devi ce, said nethod conprii sing thqg steps of: 20 perform ng
wavef orm fromation cal2kizgions ito form 8 weev-f or m and

perform ng resolution contfol ta vary a riesolution o said waveform
formation cal cul ati onst2Hfi#] ng the cal cul dti ons T accordance with a
tinme-varying ratio of harnpnic_gontent 25 of said Waveformsbt

wherein said waveformis fornedgwi th saig resol utionsof TIME

FIG. 19

A YARIATION OF ORIGINAL PITCH

T NNo+2Zoct.
PITCH
NNo+loct.
NNo
>
Adl Ad2 Ad3  WAVEFORM MEMORY ADDRESS

F I G. 2 O

P A} ANOTHER EXAMPLE OF VARIATION OF RECORDING SAMPLING FREQUENCY
s

48kHz 4
32kHz 4

24kHz 4

12kHz

tl t2 t3 TIME
F I G. 2 1



- 65 - said waveform formation cal cul ati ons which is varied during

generation of a tone. 3. A nethod for form ng tone waveform dat a,
wherein tone form ng cal culations are performed for a plurality of
tone 5 generating channels so as to formwaveformdata of a plurality
of tones corresponding to the channels, said nethod conpri si ng:
a tone control step of generating first control data for, fO{/ ch of
t he tone generating channels, designating a 10 tonal characteristic of
the waveformdata to be fornmed in said = channel ; a
cal cul ation control step of generating s&cond control data for, for
each of the tone generating channels, = desi gnating a specific nunber
of tone sanples to be fornmed in 15 s#Ed channel per unit tine;
a tone formation step of, for each of ﬁﬁ? tone gener ati ng channel s,
arithmetically form ng waveform data of:z
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the tone corresponding to said channel in accordance with the t onal
characteristic designated by said first control data and 20 at a sanple

form ng rate designated by said second control data; and a
step of generating tones on the basis of the waveform data forfBd in
said tone formation step for the plurality of tone generating
channel s. 25 4. A nethod as defined in claim3 wherein said
cal cul ation control step generates said second control data in
- 66 - COr I €S PON ettt gmt-ghrat—eharacterpt i ¢ of the waveform
data to be fornmed in edch of the tone generating chanpels. 5mA
met hod as defined ig-cllai m 3 wher ei E sgf d cal cul ation contr ol sc?ep
vari es said second gontjfrol data to B¢ &nerated, 5 in correspondgnce
with a tine-variatio in the tahakE charactpristic of the
wavef orm data to be formed in each &F t he tone penerating charwel S.
A ' a
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6. A nmethod as defined in claim3 wherein said first control data
i ncludes pitch information that designates a 10 pitch of a tol€lio be

generated in each of the tone generating channels, and wherein said
tone formation step converts the pitch informati on of each of the
channel s into a phase variation rate of the tone to be generated, in
accordance with the sanple formng rate designated by said 15 second
control data. 7. A nmethod for form ng tone waveform data, wherein
at | east two tones are sinultaneously generated, said nethod

conpri si ng: YARTATION OF SAMBLING FREQURNGY Ol IMEQYARY § ®BBIl es of a first
20 tone waveformcdntaining a great nunber of high-frequency

conponents at a fdfing rate of N sanples per unit tine; a second

formati on step Qgd.Q npl es of a second t one wavef orm contai ni ng

a smal | nunber of hiljgh-freqy conponents at a formng rate of M
sanpl es per wuni t32kHzrfe, 25 : wher is smaller than N,
-67- i
24kHz
12kHz
. >
t4 t5 TIME
FIG. 2 4
VARIATION OF ORIGINAL PITCH
A
NNo+loct
PITCH NNo
>
Ad4 WAVEFORM MEMORY —>Adb TIME

ADDRESS
FI1G 25



a step of subjecting the Msanples of said second tone ) waveformto an
Interpol ati on operation, so as to provide N ~ sanpl e§5pf I-second
t one waveform a mx step of sequentially add|RJ mgli‘rﬁﬂw

S

S

o]

of said 5 first second tone waveform and the N sanpl ¢s]jof sald secord

tone waveform sanple by sanple, so as to provide N sanpl esiof( NOv 19¢7 mxgd
tone waveform and a step of generating tonesjoh the basis of
tone wavef orm provi ded by said mx step. 1+6—8- A

' gm'ne wavef orm data, wherein tone form ng

di AINIIGEAME or ned for a plarmlA ty wfs t one generati ng
channel' s se as to formwaveformdata of a plurality of tones
corresponding to the channels, said nethod conprising: 15 a
division step of dividing the plurality of tone generating channel s
into first dnd sedorptgislpor forming topef wesefoomreanpiest ofhigth fibs ni ng
N sanpl es of a tone waveform per unit tinme for each of the channels
of said firdferformedyhy,an,gariEhueticaPrPcassing td@é’llqesgrﬁﬂlé% B@Fh@%n t he
20 channels, sg_as t royide N.sanples of a first mxe wavef or m
a second fordr%tﬁr&ﬁl?geghgf s¥8?ﬁ1’ f§° M sanpl es of a tone wavef or m per

unit ti 5e for ea%@r%%r&ngggc%%efo‘}n{ nfxs'gnlnadtion calculations to form a

plurality of waveforms which correspond to a plurality of tone

generating channels; and
performing resolution control to control a resolution of
said waveform formation calculations independently for each
10 of said plurality of tone generating channels in accordance
with a character of each of said plurality of waveforms to be
formed in each of said channels and the importance of each of
said channels relative to other of said channels,
wherein said resolution of each of said waveforms in
15 each of said channels is controlled independently of other

said channels.

2. A method for forming tone waveform samples which is
performed by an arithmetic processing device, said method
comprising the steps of:
20 performing waveform fromation calculations to form a
waveform; and
performing resolution control to vary a resolution of
-said waveform formation calculations during the calculations
in accordance with a time-varying ratio of harmonic content
25 of said waveform,

wherein said waveform is formed with said resolution of



Sy - ——

second group and sequential |y adding the M sanples between i Fhd CERMENT SHEET
f B[

channel s, so as to provide M sanples ,wmﬂmﬂﬂmmmd v wavetorm
Mis smaller than N, a st g e H ' 'sl t he MES%'%\/%WS&‘ d
* 68

11°

second tone | wavef prm
to an interpol ation operation, so as to provide N sanples of .said
second tone waveform a mx stgp_of sequentially adding the N
sanpl es of said first second tone waveform and t he N sefptes—of—satd

second 5 tone waveform sanpl e by sanple, so as to provide N sanples of
a mxed toneatdv eeteforaindormation caldulh€pos @RIEH aisNgato8gsdenindge
basis of the m xed - tone waveform provided by said m x step.

9. A et hogreheratdon nf wateher m sanpl e data corresponding 10 to a
desired sound conprising the steps of: formng waveform sanple
data in a plurality of consecutive tinme sections; and

designating a sanpling frequency for each of said plurality of
consecut i ve 3i me Adte¥ for aE@EPIRG CEORE t faveform data, wherein tone

forming calculations are performed for a plurality of tone

5 generating channels so as to form waveform data of a plurality
of tones corresponding +to the channels, said method
comprising:

a tone control step of generating first control data
for, for each of the tone generating channels, designating a

10 tonal characteristic of the waveform data to be formed in said
channel;

a calculation control step of generating second control
data for, for each of +the tone generating channels,
designating a specific number of tone samples to be formed in

15 said channel per unit time;

a tone formation step of, for each of the tone
generating channels, arithmetically forming waveform data of
the tone corresponding to said channel in accordance with the
tonal characteristic designated by said first control data and

20 at a sample forming rate designated by said second control
data; and

a step of generating tones on the basis of the waveform
data formed in said tone formation step for the plurality of

tone generating channels.

25 4. A method as defined in claim 3 wherein said calculation

control step generates said second control data in



15 "~ harnoni c conponents contai ned in a soundto—be f
wherein for each of a plurality ﬁgm" u‘ Tl
data are forned with said sanpli m mﬂullnml’
designated for each of said tine secfiohs.® s =+ :
form ng waveform sanpl e data, wherein a 20 sound
plurality of consecutive tine sections__66 _ and sai &
are formed for each of the tine sections, said nmethod conprising the
steps of: defining a tinme resolution of waveform sanples to be
formed i n egokretpbheehtarwBEl timntonade phadertey istiot berthé wabeforai d

ti me sections; performng arithnetic operations to form waveform
sanpl e data to be formed in each of the tone gened@iting channgdsa f or
each of the time sections with the tinme resolution defined for each

of said tine sections; and outputting the waveform sanpl e data

formed by said step of perform ng a[itgnetic oper ations, .
5. A method as defined in claim wherein said calculation

O
3%

I A.nethod fo
al |l ocated a

control step varies said second control data to be generated,
5 in correspondence with a time-variation in the tonal
characteristic of the waveform data to be formed in each of

the tone generating channels.

6. A method as defined in claim 3 wherein said first
control data includes pitch information that designates a
10 pitch of a +tone to be generated in each of the tone
generating channels, and wherein said tone formation step
converts the pitch information of each of the channels into
a phase variation rate of the tone to be generated, in
accordance with the sample forming rate designated 'by said

15 second control data.

7. A method for forming tone waveform data, wherein at
least two tones are simultaneously generated, said method
comprising:
a first formation step of forming samples of a first
20 tone waveform containing a great number of high-frequency
components at a forming rate of N samples per unit time;
a second formation step of forming samples of a second
tone waveform containing a small number of high-frequency
components at a forming rate of M samples per unit time,

25 where M is smaller than N:



5 11. A met hod as defined in

defining a time resolution further ep of for
speci fic nunmber of waveform sanpl ef ;mm mmﬂHmﬁHm td t28 NeY Iﬁ@
resol ution using an optional tinme wthin Lthe'l s ® me sdction, and
wherein said step of outputting further corrprl ses the steps o
buffering tenporarily the waveform zanple data foriped.using_ the,
optional time and readi ng out the % ffered maveforn1sanp|e data at a
desired reproduction rate. 12. A nmethod for form ng waveform sanpl e
data correspondi g step of Gsulefddtithes AHRAM isampllsUioF ishY a0keeBAANRbAe
conprising the 15 steps of: form ng waveform sanple data in
each of the wawefioalns i an interpelytiory opdmatlder ddesks i sdepesdeas | i for
each of the channel s; and outputting resanpl ed waveform
sanpl e dat a Ippplesapf] isagd seconghionevwavefiosmnpl e data forned in

i ndi vi dual ones of the channels_bi use of a comon sanpling
frequency. a mix ster @f: geguastiallvicadding|thenN sampdesi pfsapidst ep

di ng together the resanpled waveform
g];mm e éa?gt%#[tl n%c:‘?g‘ia/:%%% %déwlgﬁ%gpxsgn the N samplgg of said second

tone waveform sample by sample, so as to provide N samples of

a mixed tone waveform; and
a step of generating tones on the basis of the mixed

tone waveform provided by said mix step.

10 8. A method for forming tone waveform data, wherein tone
forming calculations are performed for a plurality of tone
generating channels so as to form waveform data of a plurality
of tones corresponding to the channels, said method
comprising:

15 a division step of dividing the plurality of tone
generating channels into first and second groups;

a first formation step of forming N samples of a tone
waveform per unit time for each of the channels of said first
group and sequentially adding the N samples between the

20 channels, so as to provide N samples of a first mixed
waveform;

a second formation step of forming M samples of a tone
waveform per unit time for each of the channels in said
second group and sequentiaily adding the M samples between the

25 channels, so as to provide M samples of a second mixed
waveform, where M is smaller than N;

a step of subjecting the M samples of said second tone



- 70 - 14. A et hod as_deLjnnd in clain112 mhergi;ﬁﬁ,x ﬁ3$>gEEEr

out putting includes interpolating g} forn1§“‘”
15. A nethod as defined in claif sarrpl ifng
each of the channels is variably de : o|ng

section of the sound to be generated |n sald channpel .
sound waveform form ng device conpr|3|nq% an arl .
processi ng section for dividing a sound to 10 be geng¢raled into a
plurality of time sections, and i ndependently for each of the
ti me secti onmvedelimnitog an inte“n;ﬁ:&:l]alﬁ:‘.io@n offerd@ieh)r BosyWI€s prokrad af med
in said tinme section, so as to formwaveform sanpl e data
correspondi mgmpdes of sgafldsecordstone omavefdrnhe resol ution defined for
said time 15 section; and an out put section for outputting
t he wavef or m sapmdx step @&t setwentdab)ysafdingi theeli sappbes sof ngpid

secti on, sald out put section varlablg controlling a tine width of
each of thefirst sggﬁﬁﬁe§one waveform and the N samples of said second

5 tone waveform sample by sample, so as to provide N samples of

a mixed tone waveform; and
a step of generating tones on the basis of the mixed

tone waveform provided by said mix step.

9, A method for forming waveform sample data corresponding
10 to a desired sound comprising the steps of:
forming waveform sample ~data in .a plurality of
consecutive time sections; and
designating a sampling frequency for each of said
plurality of consecutive time sections in accordance with
15 ° harmonic components contained in a sound to be formed,
wherein for each of a plurality of time sections,
waveform sample data are formed with said sampling frequency

which has been designated for each of said time sections.

10. A method for forming waveform sample data, wherein a
20 sound is allocated a plurality of consecutive time sections
and said waveform sample data are formed for each of the time
sections, said method comprising the steps of:
defining a time resolution of waveform samples to be
formed in each of the time sections independently of other of
25 said time sections;

performing arithmetic operations to form waveform sample



20 © 17. A sound waveform formng device as defined. :”,(
wherein said arithmetic processj, ection forns if qf

o g s e e o AR o

J

- 71 - 18. A machine readabl e recordlng ﬂEdI:

of instructions to cause said machi ne tg I npl ement a,nethod'"
form ng tone waveform data, said nethod Berforn1ng t oFre
calculations for a plurality of tone generating 5 channel s so as to form

wavef or m dagacff £gr bR bf Ve £ O Ssectiond QFES R itAGhd Gddta udiannel s,
sai d net hod conpri si ng: a tone control step of generating flrst

control dat@efined fio¥ edddi RGhid Hike isekeigaser ahiing channel s,

designating a tonal characteristic of the waveformdata to be forned

in said 10 chaswepyutting the wavefoxinc shaplendsbat foimed dpy cfaigesdept i ng

second control data for, for each of the tone generating channels,
of performing aritjmetic operations.

5 11. A method as defined in claim 10 wherein said step of
defining a time resolution further comprises the step of
forming a specific number of waveform samples corresponding
to the defined resolution using an optional time within the
time section, and wherein said step of outputting further

10 comprises the steps of buffering temporarily the waveform
sample data formed using the optional time and reading out the

buffered waveform sample data at a desired reproduction rate.

12. A method for forming waveform sample data corresponding
to desired sounds in a plurality of channels, comprising the
15 steps of:
forming waveform sample data in each of the channels at
a sampling rate determined independently for each of the
channels; and
outputting resampled waveform sample data by resampling
20 the waveform sample data formed in individual ones of the

channels by use of a common sampling frequency.

13. A method as defined in claim 12 wherein said step of
outputting includes adding together the resampled waveform

sample data of the individual channels.
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tonal characteristic designated by said flrst control dat a.and at a
sanple form ng rate designated by said_ ond contrpl 20 data; an

a step of generating tones on the basis of the waveform dat-a-f0r med
in said tone formation step for the plurality of tone generating

channels. 14. A SuetHodread i def ieadlabh ecI£001 T2 NghaBeh i Ns£0Mt St NGE a
group 25 of instructions to cause said nmachine to inplenment a nethod

for form ngoudpatvdngf focivdes anteaipd lagtingdbetweéh atteo walveform sample
generating at |least two tones, said nethod conprising:

- 72 - data. a first formation step of formng sanples of a first
tone waveform contai ning a great nunber of high-frequency conponent s
at a formng rate of N sanples per unit tineg; :

15. A method as defined in claim 12 wherein the sampling
5 rate for each of the channels is variably determined depending
on a time section of the sound to be generated in said

channel.

16. A sound waveform forming device comprising:
an arithmetic processing section for dividing a sound to
10 be generated into a plurality of time sections, and
independently for each of +the time sections, defining
resolution of waveform samples to be formed in said time
section, so as to form waveform sample data corresponding to
said time section with the resolution defined for said time
15 section; and
an output section for outputting the waveform sample
data formed by said arithmetic processing section, said output
section variably controlling a time width of each of the

samples.

20 17. A sound waveform forming device as defined in claim 16
wherein said arithmetic processing section forms waveform
sample data of a sound to be generated in each of the
channels, with the resolution defined independently for said

channel.
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a tone control step of generating first control data

for, for each of the tone generating channels, designating a
tonal characteristic of the waveform data to be formed in said

10 channel;

a calculation control step of generating second control
data for, for each of +the +tone generating channels,
designating a specific number of tone samples to be formed in
said channel per unit time;

15 a tone formation step of, for each of the tone
generating channels, arithmetically forming waveform data of
the tone corresponding to said channel in accordance with the
tonal characteristic designated by said first control data and
at a sample forming rate designated by said second control

20 data; and

a step of generating tones on the basis of the waveform
data formed in said tone formation step for the plurality of

tone generating channels.

19. A machine readable recording medium containing a group
25 of instructions to cause said machine to implement a method
for forming tone wavefform data, said method simultaneously

generating at least two tones, said method comprising:
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group and sequential |y addi ng t-he-N-sanples—between tfie
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wavef orm a second fﬂ! .m!ﬂﬂﬂnl l::iforningLﬂmggzgggéoﬁLma tone
waveform per unit tinme for each angel s in sai d==—a- ‘grjoup
and sequentially adding the M sanpl es between the _channels, so asjto
provide Msanples of a second mxed _ gavaveform where MTS smaller than
N; a step of subjecting the M sanpl es ofJ&m:d-:second tone

wévef ormto an interpolation operation, so as to provide N 10 sanpl es of
sai d second tone anafdefsor nformation stepn afstepmbhgseqmedesalofy adfirgt t he N

sanpl es of said first second tone waveformand the N sanples of said
second tonenoravefisingr neerpling sagpeet swmbert hHrbighefreguendes of
a m xed tone waveform and 15 a step of generating tones on the

basi s of theompeegnts at poferRavef 5ehe pPHVY deamples peF ind stieine:

21. A nethod for form wavef orm data c ri sing the steps
a secon%gformatgon step ogngorming samprsF%f a second

5 tone waveform containing a small number of high-~frequency
components at a forming rate of M samples per unit time,
where M is smaller than N;

a step of subjecting the M samples of said second tone
waveform to an interpolation operation, so as to provide N

10 samples of said second tone waveform;

a mix step of sequentially adding the N samples of said
first second tone waveform and the N samples of said second
tone waveform sample by sample, so as to provide N samples of
a mixed tone waveform; and

15 a step of generating tones on the basis of the mixed

tone waveform provided by said mix step.

20. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method
20 for forming tone waveform data, said method performing tone
forming calculations for a plurality of tone generating
channels so as to form waveform data of a plurality of tones
corresponding to the channels, said method comprising:
a division step of dividing the plurality of tone
25 generating channels into first and second groups:;
a first formation step of forming N samples of a tone
waveform per unit time for each of the channels in said first

group and sequentially adding the N samples between the



of :~ inputting a waveform-sigrat—tasting g, seternmgd 20
peri od; controlling te v ng s -ﬁﬁ% éﬁﬁ@ wehiif
during said predeterm ned perrt'ggrm “[ lin ai d wavef or mjsifjgna
by use of said recording y sofap p@ NOwmesuch

waveform data that are 25 sanpled mnth a particular frequency
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corresponding to the recordi ng sqnpgipg frequencyvarred-by g step
of controlling; and - 14 -
witing into a nenory the waveform data fornmed by said step of
sanpling. channel®?. soA &8t Red psodedéned bAmphasmadl whererstt hxed
recordi ng sanplrng frequency is varied stepwi se at predeterm ned
timng 5 wawvefgrni;he predet erm ned peri od. 23. A nethod as

defined in claim21 wherein the recording
a second formation step of forming M samples of a tone

waveform per unit time for each of the channels in said
5 second_group and sequentially adding the M samples between the
channels, so as to provide M sémples of a second mixed
waveform, where M is smaller than N;
a step of subjecting the M samples of said second tone
waveform to an interpolation operation, so as to provide N
10 samples of said second tone waveform;

a mix step of sequentially adding the N samples of said
first second tone waveform and the N samples of said second
tone waveform sample by sample, so as to provide N samples of
a mixed tone waveform; and

15 a step of generating tones on the basis of the mixed

tone waveform provided by said mix step.

21. A method for forming waveform data comprising the steps
of:
inputting a waveform signal lasting for a predetermined
20 period;
controlling to vary a recording sampling frequency
during said predetermined period:;
sampling said waveform signal by use of said recording
sampling fregquency so as to form such waveform data that are
25 sampled with a particular frequency corresponding to the
recording sampling frequency varied by said step of

controlling:; and
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conprising the steps 10 of

| asting for a predeterm ned peri od
recordi ng sanpling frequency during said predelermned period;
sanpling said waveform signal by use of ,gaid recordihg saptng
frequency so as to form such wavef orm dafa that are sanpl ed wit
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particul ar frequency corresponding to the recording sanpl 1 ng
frequency vari edwbytfng distepa afiemory ti®ntdavifomg,dat) formed byeaaidi ng
into a waveform nenory the waveform data formed by said step of
step of samjekimgnating a reproducing rate; generati ng

sanpl i ng;
variation data corresponding to a pitch

wavef orm data recorded in the 25 waveformnenory due to a variation

t he recordigg.sanglin

10

15

20

25

meghod as defined in claim 21 wherein the recording
sampling frequency is varied stepwise at predetermined timing

during the predetermined period.

23. A method as defined in claim 21 wherein the recording
sampling frequency is varied gradually at predetermined timing

during the predetermined period.

24. A method for fofming waveform data comprising the steps
of:

inputting a waveform signal lasting for a predetermined
period;

controlling to wvary a recording sampling £frequency
during said predetermined period;

sampling said waveform signal by use of said recording
sampling frequency so as to form such waveform data that are
sampled with a particular frequency corresponding to the
recording sampling frequency varied by said step of
controlling;

recording into a waveform memory the waveform data
formed by said step of sampling:; |

designating a reproducing rate;

generating wvariation data corresponding to a pitch
variation occurring in the waveform data recorded in the

waveform memory due to a variation of the recording sampling

Huri ng
ata

ond QoKDY @Bt ojvary a

15

a

variation occurring in the

of
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sai d reproducing rate deS|gnated . _h
said variation data; and é{ the S§

from sai d waveform 5 nenory: at af rate ond| ng i ng
rate modi fi ed by said step of nodifying.* as
defined in claim24 wherein where the _ 55 _ wavefory at
a fixed rate, said variation - data 1s data ind; ency
in a logarithm c region 10 represented by the wavéform L, 26.
A net hod as fisfqueadyi byclaith 28bephefeconsabllshgp of rmdl fyi ng
perfornms addition or subtraction between the reproducing rate and the

vari ation data. modifying7said pephodecimgdedte dextigrditeg bydsaidcsbépi ni ng
a group 15 of_instructions to cause said machine to inplenent a method

for form ngSfafesdonatdrg, vithdsaidhvarierien sdakp m;n%t eps OI:I 2o
inputting a waveform.signal |asting for redet erm ne perio
controlling to v&S }nde Qi TR S |‘1’@Ve$ ey from said| wgvedemm

pr edet erSm n%\dem%%ryl Ogt a rate corresponding to. the reproducing rate

modified by said step of modifying.

25. A method as defined in claim 24 wherein where the
waveform data are read out at a fixed rate, said variation
data is data indicative of a frequency in a logarithmic region

10 represented by the waveform data.

26. A method as defined in claim 25 wherein said step of
modifying performs addition or subtraction between the

reproducing rate and the variation data.

27. A machine readable recording medium containing a group
15 of instructions to cause said machine to implement a method

for forming waveform data, said method comprising the steps

of:
inputting a waveform signal lasting for a predetermined
period;
20 controlling to vary a recording sampling frequency

during said predetermined period;

sampling said waveform signal by use of said recording
sampling frequency so as to form such waveform data that are
sampled with a particular frequency corresponding to the

25 recording sampling frequency varied by said step of
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| asting for a predeterm ned period; 10 controlling to vary a
recording sanpliwgitingdireneya memoryl WHe v fdriy @dehe Foiried B?r ada
sanpling said waveform signal by use of said recording sanpl i ng
frequency sostep tef fsamplsingh wavef orm data that are sanpled with a
particul ar frequency corresponding to the

28. A machine readable recording medium containing a group
5 of instructions to cause said machine to implement a method

for forming waveform data, said method comprising the steps

of:
inputting a waveform signal lasting for a predetermined
period;
10 controlling to vary a recording sampling frequency

during said predetermined period;

sampling said waveform signal by use of said recording
sampling frequency so as to form such waveform data that are
sampled with a particular frequency corresponding to the

15 recording sampling frequency varied by said step of
controlling:;

recording into a waveform memory the waveform data
formed by said step of sampling;
designating a reproducing rate;

20 generating wvariation data corresponding to a pitch
variation occurring in the waveform data recorded in the
waveform memory due to a wvariation of the recording sampling
frequency by said step of controlling;

modifying said reproducing rate designated by said step
25 of designating with said variation data; and
reading out the said waveform data from said waveform

memory at a rate corresponding to the reproducing rate
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formed by said step of sanpling;
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